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H! CRESEL YAKLANMADA MKTOKONDRKNKN ROL!

k¢ekriye Beywa KRKoefar@Bm., ®acide Pehliva

"Kstanbul | niversitesi, Teéep Fakg¢l
Sajl ek Bilimlerdi Enstite¢gse, Teéebt
Biyoloji Anabilim Dal é&,

beykopar an@gntaiD .lcDom
00D M®H HA 71

2Kstanbul | niversitesi, Tép Fakg¢l
Téebbi Biyoloji Anabilim Dal é&,
sacide. pehlivan@ stanbul . edu. tr
ORCD | D:0 0@®0MDB 4 5
¥ZET
Yakl|l anma, organi zmal arda zamanla meydana gel
a-an karmakék ve -ok y°nl ¢ bir biyolojik sg¢
epigenetik deji ki kliklIler, proteosaknazndboyal r
di sfonksiyon vV e h¢cresel senesans gi bi h ¢ c
yakl anmanéen belirleyici biyolojik ©°©zelliklIler
Bu s¢re-te mitokondriler, h¢gcresel eneémji me
hem nedeni hem de sonucu olarak kritik bir
adenozin trifosfat (ATP) ¢retiminde dejil, a
kal si yum homeostazé, apoptoz regjlasywane ggib
sayéda yakamsal i kKl evde g°rev alérl ar.
Yakl anan h¢gcrelerde mitokondriyal bi yogenez,
cretim yollare (°zellikle OXPHOS) bozul makt a
ve ROS ¢geeaiméwn g°zlenmektedir. ROSO6un akKker ¢

ol mak ¢zere geneti k yapéya zarar vererek DN
mekani zmal aréné teti kI er.

Ayréca yaklanma s¢recinde glikonkenda denhgasba
TCA d°nge¢sendeki met abol it dej i Ki ml er i mi t
mer kezi rol¢n¢g daha da pekiktirmektedir. Mi
mitokondrilerin h¢gcre i -1 ndkesibyiornilkameésnia ivsee iy
yanéta katkeé sajl amaktadeér.

Mitokondr i kaynakl & bu dejikikliklerin yakl e
dojrudan il ikkili ol duju g°sterilmicktir. Bu
yakl anmaekyizereilnd | eyi ci et kil erini anl amak,
geliktirilmesi ve yaka bajlée hastal ékl areéen ©°

Anaht ar kM ltionkeolnedrr:i |, H¢cresel yakl anma, mt D N /
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THE ROLE OF MI TOCHONDRI A I'N CELLULAR A

k¢kriye BeyzaPKopaDan *Saci de Pehliva

"Kstanbul | niversitesi, Teép Fakg¢l
Sajl ek Bilimlerdi Enstite¢gse, Teéebt
Biyoloji Anabilim Dal é&,

beykopar an@ntaibD .lcDom
00D M®H BHA 71

2'Ksntbaul | ni versitesi, Tép Fak¢lte
Téebbi Biyoloji Anabilim Dal é&,
sacide.pehlivan@ stanbul . edu. tr

ORCI D | iD:0 a®B0HOB 4 5

ABSTRACT

Aging is a complex and multifactori al bi ol oc
|l eading to a gradual |l oss of structur al and
such as genomic instabilityti ded omeoes sabr pi
dysregul ated nutrient sensing, mi tochondri al
the hall marks of aging. Il n this process, mi t

consequence of atgeirngo,f bceeilngulaatr tehnee rcgegn met a b«

Mi tochondria are not only responsible for a

involved in wvital functions such as reacti
homeostasis, r egulaaitnitoenn aonfc ea poofp tcoeslilsu,| aarn dr end
I n aging cell s, mi tochondri al bi ogenesi s, d
production pathways (especially OXPHOS) bec
membr ane potenti al apnrdodarct i ocr aaee obrs e RO&d
production damages the genetic material, p a
damage response (DDR) and cellul ar senescenc
Moreover, increased reliance oniglycahysias$it e
in TCA cycle metabolites during aging furth
met abolism in this process. The accumul ati on

mi tophagy conéelrabetdesi epuagdyshtihammatory re

These mi tred mdredlr icahanges have been shown ta

senescence response specific to aging, kno
Associ ated Senescence) . blinoltohgys ocfo natgeixntg, aunndd
of mi tochondria in this processagisangoft hgrapt

targets andr phavedtdingeages.

KeywoMdsochondri a, Cellul ar senescence, mt DN
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1. GKRKKkK
1.1. YAKLANMA
Yakl|l anma, genomi k instabilite, tel omer aKeéenit
d¢zensiz besin algeéel ama, mitokondriyal di sfo
ve dejikmik hg¢gcreloégmabr gzer el gtakkiammdaédn!| be
y°nlendirilen kompleks bir s¢re-tir. Bu ayer
yakl anmanén ve yaka bajlé hastall Ekl aréen teme
Ayréca yakl anma, veer trmonr tmadriktiediol asél é]j éyl a
organi zmal ar én yeni den cretilebilirlijinde
tanéml annakt xakelranmanén bir sebebi ol an hy¢c
Hayflick ve &Mvodamewdnémnmlaanamiékt ér ve bunl ar
b°l ¢nme yetenejinin séneéerl é& oldujunu g°sternm
Bu durum Hayflick sénéeré olarak bilinir ve t
koruyamamaséndan kaypeaekébeér-ofahma bkbhpasakt e
ger i dend¢r ¢l emez h¢egcre dPngeéegse¢e durmaseé dur u
senesans ol 4”23k adlandérel er
H¢e¢creler bir-ok stres fakt®re¢gnegn etkilsd@ son
tipteki yakl anmal ar kronolojik ind¢gkleyicile
¢izelge 1. Yaklanma te¢rl eri
Replikatif yaklanmgGeri d°ed:;pegbkimfer g

ul akana kadar k¢l t

i -1n
Onkogen kaynakli yg¥ncelikl: ol ar ak F

onkogeni akeéeré ifag
Terapi kaynakli vyawY¢ksek ancak ©°l dgr

ila- veya kimyasall

i -1n
M tokondr vyal d s|Derin mitokondriya
yakl anma ( MKDAS) h¢gcreler i -1mn
| mm¢gnol oj i k ol arak |Akéré proinfl amatugé

h¢e¢cecreler 0 -1in
Tém bu durumlar ortak °zelli klere sahiptir &
bir heterojenite potansiyelini vurp8]ayan be
2. MKTOKONDRK
Mitokondriler, kendi d aii yeels eD NA'eynao m(l mtr N )l a:n
organellerdir ve konak genomundan bajémséz o

O
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( ATP) creti mi vV e besin met aboli zmaséneén d
programlanmék h¢gcre °lli¢g nvge dbaahjilla notl eraek i¢ckzleea vel e
t¢em °karyoti k hegcrelerin sitoplazmasénda, ho
g°re enerji cretimini uyarl amak i -in koord

(mitofaji) dhAnglkdeki adekt gk-[a4]l ar ol arak bul

Mitokondr i, h¢crenion ener ji cretim merkezic
(OXPHOS) yoluyla ATP ¢retmektir. Bu s¢re-te
(ETC) kompl ekséktromracahgejeyi aget -ekl exkir v
proton gradyané sayesinde ATP sentaz aracel e

Ayné zamanda mitokondriler, h¢cresel met abol
yakamsalds;genéeinmesi nde r ol oynar . Mi tokondr i
ve yaklanan dokularla ilikkili [t®al abimpoke
ayert edi ci °zelli klerinden biridir vV e h¢ c
vakl anmayl a il ikkil.@ fenotipl ef @8 dvajtiokioknldirk
yakl anma fenotiplerinin potansiyel i tioci gé -
ve b¢ye¢k -fmiltgudiek pmser el er dégn nolkiaksamdaoledlear d
en A Kekil de Dbelgelenmiktir. Fare model |

girdijinde bu dokul arén yaka bajl g 7dej ener as

Yakl!l é h¢crel erde mi t ok krmagraisi baxiénazal, &®rkens,
membr an potansiyeli (MMP) de d¢ker. Yakl anma
da, bu arték mitokondriyal fonksiyonl arén i
azal masé nedeniylleri[dilev kiiz mitokondr

2.1. YAKLANMA VE K¢SEL YOLAK

Senesan h¢crelerin °nemli bir ortak °zellifjJi
ve 't CDKN2A ) ol mak ¢zere siklin bajémleé
d¢zenl enmesi ditrar aBe@n@gablt EDKlkempl eksl eri nin
hi pofosforile edilmik Rb, pl1l07 ve pl30 prote

i -in gerekl] olan E2F hedef genlerinin akajé
Senesan hg¢crekbemedmnt gkebmokfatoji k ve yape
deji ki klikler arasénda -ok -ekirdeklilik, d
Retinobl astom proteini (Rb) , °zellikle insa
odakémar @d ukumunu destekl eyer ek proliferasyoa
¢t°z¢l emeyen DNA hasar yanéeteée (DDR), pb53'¢n a
senesansé ind¢kleyen bakl é&ca mekani zmadéer.

Senesan h¢crelerin %reemmlsianbia dijekilizebhal |
gel i kimidir. SASP, proinfl amatuar vV e be¢yeé
tanémlanméktér ve SASPOnin sadece proteinler
ve kodl amayan dgkieekda[pd]t beti nmektedir
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iSenesan hg¢gcrelerin ©°zellifji ol an SASP ; s e
arasénda ;

Minterl °kinleéer-716:801 ve 8 (1L

iMonosi t- ekd oad Pr &t)ein 2 ( MCP

iMakrofaj KnfllaM{aBU)ar Protein 3

iIBeyeme Degzenl enmi )Hengkeotgoesni tal Beay  mBeROFakt °r ¢

iKis¢glin Benzeri B¢eyeme Fakt°re¢ Bajlayeéeceée Pro
iISASP'de bulunan belirli sitokinleet mekkembh
bajékéekl ek sistemi hg¢gcre8lerini -ekebilir ve

iSASP, hem otokrin hem de parakrin etkilerl
s¢recine katokleAlyan eb uZz ammaunrda senesan hg¢gcreler

bitiki k he¢gcecrell F i de etkileyebilir

SASP6nin bakl éca tetikleyicisi DDR ol sa da,
bil eki mi, he¢cresel ve -evolksaektffakiPr|l @AS8P bal
aB , p38 MAPK, NBORNGBGeyalIGIASr € il e epigenetik
°nemlidir. Senesansén bu mol ek¢l er ve he¢gcecr e

d¢zeyde biyolojik s¢re-tladréik estékriel-d yeeriedkil ey & knle

Hicresel yaglanm anin inc
TIS, MIDAS, IS

}
Dizensiz s3v ote -;..
e SA~B>QHI’P
a‘ SORISIOR =7 @ | lizozomlar
. .
A e o eSS
DDR o
! ©@ S
h .16 .53 S
: 1 ! 22
B1 lamir iy CDK4/6 5.21 01 ::‘_
kayb Y “‘ IR Siklirj[) CDKZ e
SAHF | Siklin E
| oleoe6e ™
Rb 8107 5130
L J
E2F )
A7 N7 NV NN
SASP
o &5 miMOMP
Arizah
(=) BCLxL ke
dire
G%°rsel 1. H¢ecresel yakl anmanén °zel il
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Yakl anmayl a bajlanteéelé olan protein deaseti/|
ve ADPboz transferazlar ol and ¢giemt wimel eyreitne n(

yapélan bir -alékmada mitokondriyal SIRT" "I er
baskéel ayécélarée ve SASP'nin mod¢latorl eri ol
Dijer mitokondriyal b o zbuokzl wkkll uajru y | mi tiolkioknkdirlii
( Mi DAS) benzer bir senesans fenotipine ned

NAD+/ NADH oranéndan, AMPK aktivasyonundan Ve

kaynakl andéjéenée vd RAurlcuen waskerASPI' and ] drLé g° s

|l 1" e bajl é SASP fakt°rlerinden yoksun ol ma
farkl el akmaséné baskél amék ve keratinosit f:
kel terl enmi k insan hieglevebiozdd&| wé¢ umiyonodbkighar
bir fare model i nde ger - ekl ekmi K ol up, t ¢r |
bozukl ujunu ve yaklanmayeée bir alt kJnmg senes

2.2. YAKLANMA VE MKTOKONDRK

Yaklcad eH¢gerde enerji met abolizmasée dejikir; O
bajemléel ek artar. Ayréca mitokondr.i i -1 nde
hasara ve yakl anmalylJa kat kéeda bul unur

Ener ji met abol i z ngazseer i m¢deer ed ¢yzeernll eerymeacs € bi r et
enerjisi esas ol arak karbonhidratlar, i pit
ayreéekmaseéendan gel ir. Ara ¢ré¢nl erden biri o |
oksidatif,fgsfeoplliasyghukoneogenez ve pentoz
ve par-alanan -exitl:i bi yosentez s¢re-1lerine
Bu nedenl e, bu s¢re-lerde yer alan mekani zma
yakl anmayé ve fienonas @l kePlkiel édik) iemi nanl amak
araktéeréelmasé ve geliktirilmesi ve yawd bajl
Mi tokondriyal di sfonksiyonla il gild@ yapél an
yakl aan malyil k ki | i fenotiplerin gelikimini kol ¢
engell edijini dojrul améxt ér. Mi tokondriyal

t ¢ckenmesi yakl anmaya aracel ek edebilgicreve r
yakl anmaseéna, mitokondriyal i Kl ev bozukl uju
bilinen reak8iyé6ha yol a-ar

Reaktif oksijen te¢rleri (ROS) , bu s¢re-te

mekani zmal arénén VYéyadMignd$SOD3 teorkaoindiri hedef
tel omer akénmaseéné azaltté]jé ve hg¢gcre ©°mrgén

b¢e¢yek °1 -¢de mitokondriyal di sfonksiyona da\
ROS, t el omehmeée Xléeassrmmd émama&kntéa ve tel omeri k DNAOGY
Al zhei mer, kardiyovaskg¢l er hastal ékl ar, mul t
i i kkili [Balunmuktur
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——  Mitokondriyal fonksiyon bozuklugu _—
stabolil Tip 2
Meta i1 .
Dc;zjioJ: ~ Diyabet (T2DM)
|
[ I ;
i Yasa bagli
Hicresel -l ATP l ROS T Apoptoz Thastahklar
yaslanma \ Osteoporoz
DNA
hasan TERT
Alzheimer
1 T = hastaligi (AD)
— Telomer yipranmasi
G°rsel 2. H¢cresel yaklanma, 2022
Cexki tl senesans modell erinde oksidatif f os
g%zl emlenmiktir ve bu durum senesans il e OXlI
dojrul amaktadeér. ¥rnejin, demir kKkekasgohjugt a
h¢crelerinde p27kipl aracél é h¢gcre do°nge¢se¢e d
I aktivitesinin azal maséneée i-ermektedir.
Benzer K e-idi' li che ,MVvTLIGR1 Vvi zon akcijer epitel h
kompleks 1 V'¢n inhibisyonunu i-ermiktir ve b

kal ecé bozul maséna neden 5]l arak senesansé te

Senesans sg¢grecindcamemjeokendroillleerr,i nbhyo e r et
katkéelarénén yané séra ikKlevsel bozukl ukl ar
d°nemlerinde mitokondriyal oksidatif fosfori
bu da DNA HhaAs ehrasma wenBt énén (DDR) aktivasyo

Bu durum vyakl anmayé daha da derinlextirir.

oranl aréenda deji ki klikler, TCA d°ng¢sé me t
dinami kl erde (f¢zylomal dr1n sg/oml, e miint.ofTa¢g m )b b odzeuj
met aboli k temelini olukturur ve mitolklolnjdri | e
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2.3. MKTOSTAZ

Mitostaz, mitokondrilerin niceli khsoemMleose ani k

mekani zmal arén genel adeder . Bu mekani zmal ar

i kKl evini ayarl ayarak h¢gcre sajlejenée s¢erder ¢

hasarl & mitokondril eri nt atzeenm ztleemmenhe sbii | geikbein |se¢

Mi tokondriyal I Kl evin bozul masé,; yakl anma,

gel i ki mne katkeée sajlayabilir. Oksidatif str

temi zIl enmeyi t et i klaeny eertekki Ibewr .dAyg&ygia, dbjaz @d

(°rnejin asetaminofen, antibiyotikler, met a

hasara ve mtDNA'ya zarar verebilir.

Mi tostazén bozul maseé, ETC" nin -al ékmalmats é,

takénéméenda aksakl ek gibi durumlarla sonu-1a

korunmasé ve patolojik s¢gre-ler[iln2]1°nl enmesi

3. SONU¢ VE GELECEK PERSPEKTI FLERI

Mitokondriyal disfonhisngenbhemheen ROISomer akeé

oynadejée a-ékter. Bununla birlikte mitokonc

kar makék geri bildirim deng¢leriyle tanéemlar

Mi tokondrgirei-mnebu sO0Il ¢, yalnézca oksidatif S

kapsaml eédeér . Bu nedenl e, mitokondriyal homec

hem de sonucu ol abilir

Bu bul gul ar, yaklanma biyol ojiekianvemahwa énajn

iy anl akéel masé a-éséndan b¢yéek °nem t akeéema

hedef | i antioksidan stratejilerin yakl anmaneée

de¢kegndegrmektedir .
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KANSERDE APOPTOZDA KNTRKNSKK YOLAK VE HEDI
TEDAVKL E RPEKMK

TUJ¢E KARADABrof. Dr. SAEKDE PEHLKVAN

"Kstanbul | n vers tes , TeépTleéFoabk ¢IB eysol,ojSafAn
Dalt@agcerogl u220@¢md | DOEODB 0 6
2Kstanbul | n vers tes , Tép Fak¢l tes
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¥ZET

Programlanmék hg¢gcre °1 ¢m¢g ol arak apoptosi s,

S¢re- bl mhkk#te; doku homeostazéné korumada,
hasarl e h¢gcreleri ortadan kaldérmada °neml.
°l' ¢m yoludur. Apoptosis i-sel ve déexksal y ol
czerinden aktive edilebilir., K- sel yol aj é ak

endoplazmi k retikulum stresi, kal si yum deng
b¢yeme faktore¢g yoksunluju vessitok&inygba&péanin
yol ajé ol arak da adl ander é2pzotein ailesi, mitokoradmyal a r d a

yol aj én temel dé¢zenl eyici si ol arak g°rev yaj
h¢crelerinin apoptezdayn kba-lmansnéenkét esda jrl. a dkéa n s
ka-mak i -in farkl & me k-apoptatikiBel2 asdesi grateinlesina(Beh r | a n é

2, BckxL ve Mcl-k1  gi bi ) a K é r eapaptbtia BH3sadeckeeproteiplerini vepar o
BAX/ BAK' éedemkmutva@asyonl ar edinirler ve ©°zell

apoptoz i nhibit°rg proteinlerini (ILAP" |l er)
baskél anmaséna katkéeda bulunarak kanser h¢c
di renktigeneisi ni tekvi k eder. Bu nedenl e, i -
tedavisinde °nemli bir stratejidir. Bu der |
i -sel yolunu hedef alarak geliktirrlen terap
Anahtar kelimeler: Apoptoz i-sel yolajé, kanser, tedavi

INTRINSIC PATHWAY IN APOPTOSIS IN CANCER AND ITS IMPORTANCE IN
TARGETED THERAPIES

N M



CONFEREY,
\
o :‘.rﬂf

LATI N AMERI CA 11th | NTERNATEONENTCBENEERENEEBRONE
Octobbr 2RRG DE JANEI RO
I SBN\R. :62%5 8B40

KCADEgyy
&
Y

onrsn ™

www.akademikongra.org

TUJ¢E KARADABrof. Dr. SAEKDE PEHLKVAN

1* Istanbul University, Faculty of Mediciné)stitute of Health Sciences, Department of
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ABSTRACT

Apoptosis, as programmed cell death, is a fundamental physiological process in all living
organisms; It is an evolutionarily conserved cell death pathway that plays an important role in
maintaining tissue homeostasis, regulating organism develtpand eliminating damaged
cells. Apoptosis can be activated through two different mechanisms in the cell, namely intrinsic
and extrinsic pathways. Intracellular signals that activate the intrinsic pathway include DNA
damage, endoplasmic reticulum stresaicium imbalance, reactive oxygen species (ROS)
accumulation, growth factor deprivation and cytokine deprivation. The intrinsic apoptosis
pathway is also known as the mitochondrial pathway and th& Bobtein family, consisting

of 27 members in humansgrves as the primary regulator of mitochondrial function. It is well
known that disruptions in the intrinsic apoptotic pathway enable cancer cells to escape
apoptosis. Cancer cells utilize different mechanisms to evade apoptosis: they overexpress anti
apoptotic Bck2 family proteins (such as B2l BckxL, and Mcll); they acquire mutations that
inactivate preapoptotic BH3only proteins or BAX/BAK; and they overproduce apoptosis
inhibitor proteins (IAPs), particularly XIAP and Survivin. These alteratiwogtribute to the
suppression of apoptosis, thus promoting cancer cell survival and resistance to therapy.
Therefore, targeting the intrinsic apoptosis pathway is an important strategy in cancer treatment.
The aim of this review is to provide a perspeeton therapeutic agents targeting the intrinsic
apoptosis pathway for cancer prevention.

Keywords: Apoptosis intrinsic pathway, cancer, treatment.

GKRKk

Apoptoz, h¢e¢cre °l ¢emegneégn en erken tanéml a
Keklidir; zheaondrelweind¢;adegnl enmi K bir el i mi na:
programlanmék h¢gcresel s¢grece atéfta bulunur
i Kl evl eri vardeéer ; -ok hg¢gcreli organi zmal ar d
savunsnearsaéss enda s¢r ekl i ol arak ¢retilir; bu n
korumak, vyaklé ve hasarl & hg¢gcrel eri uzakl akt
h¢cre tipine bajleé olarak birBa-ngdedlea, ube
mi Il yarl ar ca h¢gcecre ol ¢r vV e fagositler tar a
uzakl akt érma/temi zIl eme mekani zmasé, nor mal k

NN
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fagositik s¢re-lerin etkknonijkningPamasyon WA
gi bi durumlarda -ok sayéda h¢gcre aniden °1d
Kanser h¢crelerinin -exitli mekani zmal ar ar a
apoptozdan ka- émiatiilrd.i j Bu gmek &@mil 2mal ar dan bi
ge-irgenlijini ( MOMP) inhibe eden ve b°%°ylece
antirapoptotik BCl-:2 ai | esii proteinlerinin yukareée d¢ze
(2009) ile Beroukh m v e ar k. (2010) t ar adpéptoikaBlL-2y ap €| a
proteinlerinin aker e ekspresyonunun -exkitli
g°ster mBikytomedi7k al alanda apoptozun en yayge
mol eke¢ll ¢ 11l a-1ar gi bi dékaréedan uygul anan a
h¢crelerinin ortadan kal derél maseder . Apop
amKt érmacél arén anor mal h¢crelerin kontroll ¢
veri ci terap®tik stratejiler geliktirmelerin
ila- ve tedavinin -exitlerihlansitkatliérk |l (aZz)a. kar K é
1. Programl é H¢cre ¥ ¢im¢g: Apoptoz Nedir?
Kerr, Wyl lie ve Currie 1972 yeéleénda yayeé
kabarcékl akmaseée (bl ebbing), he¢cre hacmi nde
yojunl aknyaizeeyihnidcer ef osf ati dil serin (PtdSer)
ol ukumu gi bi karakteristik morfolojik dejiKki

hayvanl ar aleminde korunmuk programleé hg¢cre
sedir yapélan araktérmal arén konusu ol muktu

h¢cre °1 ¢mg teéegre¢g oldujuna i nanél mékter. Ap o
teti kl enebil en bir s¢re-tir. Ayr échg¢creembr i
pop¢l asyonl arénée d¢gzenlemek i -in kritik bir
Apoptozi s, birbiriyle i1 1i1ikkil@ ik sinyal y C
yolu ve i-sel veya mitokoadirarydér glodn fbiuml sir s
kaskadé taraféndan hg¢gcre i -inde aApoptozesihé k ed
i -sel yolunun t enicel lymphoma2Be hlcyj e | ) BilEsnmf o ma
proapoptotik ve antiapoptotik groe i nl er i , bakl| a8t-@wé 0K a sypea zelfaerk t
kaspazlar (kaspaz, -6 ve -7 ) araseéendaki denge taraféndan
sitokrom c'"nin salénmasédér-6 Apopfeéenidan mpaklk
bir-ok-ih¢gmmet ainin (°rnejin, PARP ve | amin)
genomi k DNA'"'nén n¢kleozomal yapélara par-al a

1.2 Apoptozis K-sel Yolu (Mitokondri Yol u)

Apoptosis i-sel yolu mitokameéri okasliudaol &r
endoplazmi k retikulum (ER) stresi ol mak ¢zel
tarafakndare edilir (11). Mi-2Z oppoodein aaibkcés i

dé¢zenl enen artan ROS gupbi mi-2ailesiy ahta@gpdike akt i
proteinler (Bci2, BckxL ve Mcl-1), pro-apoptotik proteinler (Bax ve Bad) ve BHZnly
proteinler (bid, bim, bad vs. ) -apbptobtklprotgizer e ¢

Z
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Bel-2' nin akéreéei teklspmarsiyyalu, dank zar én ge-irge
b as k &ilinggvd., 2009Tait ve Green, 201)K- sel apoptozis yolu ¢-
(1)BCL-2 ail esi proteinl eri araséendaki et kil exki

ger-ekleken mitokondriyal vegw ) memlorpamtg &- ikrag
ardekek aktivasyonu (10).

BH3-only proteinleri, ya antapoptotik BCL:2 ai | e s i (-9, BCleXli ne (B
MCL-1) bajl anarak onlaréen BAX ve BAK ¢zerindelk
dojrudan BAX vV e BAK il e et kil ekerek bu
oligomerl me s i n i t e taipkolpetrot(i k2 )p.r oRrea nl er BAX vel\v

mitokondriyal dék zarén ( MOMP)-c)cSaaciDIABLON | i ] i r
ve Omi/HtrA2 gibi preapopt ot i k faktorl erin sitoplazmay
apoptotik s¢re-te geri d°n¢ke¢ ol mayan bir
berakeéel déj énda, apoptozis proteinler:i i nhi bi
kaspaz aktivasyonu ¢zeri ndedsioplazenada dnangrikc € et
Apaf-l1' e bajl anarak ATP varl éjénda apoptozom o
birl ekmesini bakl at ér . Bu birl ekme, hept amer
Prokasps® bu heptamefldkny@pBPadé&paii ndenkaspa] | anér
9aktifkaspa® 6 a d° ng¢ kKt ¢r &9dgha sonrd rkiaspdz3 vie prakgspaz? gibi
infazcé kaspazl aré keserek ve aktive ederek
infazcé kaspapdairtei fakdge vie kidledieki m d°nge¢seé¢ al

da y¢kseltir (12). Apoptozisin dijer ayert
taraféendan DNA'nén yaklakék 200 bp'lik segme
o \_'77 -". BLC-2 members

Apoptotic Stress

(DNA damage, prusine
uncontrolled
proliferation, etc.)
/ R Y, |

BAX/BAK
oligomerization

Apoptosome
activation

Cytochrome ¢ i} a

SMAC/ Omi
v
Cell death o .
\ k.

XIAP

kekiKIFstel apoptozis yolu.BH3 proteinleri apo
BAX'é& ve BAK'é aktive ederler, bunl ar oligomerize olurACvre mitoko
(kaspazén ikinci mi PokdPnadei Okmay s ak lé@-8,adkTR,sitolaopna pet APARO' nd epnr okl auskpuarz. Dal
sonra kaspazlar aktive olur ve h¢gcresel proteinleriékiesmebiespanrnt a
temsil edel(20).

NO


https://www.sciencedirect.com/science/article/pii/S0378427412013392?casa_token=l2QKd9vDxTUAAAAA:LHOTTkCDi23gjBFDVcYIxuprpH455hr5A3EZIBKUBvTdRInFBK6uHvbIzVoFoAIHBaNayYskvQqa#bib0085
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K- sel apoptozda hg¢cre °1 ¢gmegneg garantil ey
proteini, kaspaz fonksiyonunun endojen ©bir
proteinini ( XI AP) i nhi be eder ken, SMAC, a
i nhilbeirti®°nri (Il AP" 1l er) inhibe etmek i-in sal én:i
devam et mesini sajlar (20).
2K-sel Yol ajeéen Hastal ék Mekani zmal aréndaki R

Apoptoti k h¢gcrelerin hézlé ve et kild. bir
i ndesnknhe s i ve inflamatuar yanétlaréen °©°nl enme:
alténda, nor mal dokul arda serbest apoptotil
h¢crelerin yetersiz fagosi tik uzakl akteéerélr
sitokinlerin salénémené tetikleyen sekonder
sal éeénan otoantijenler, T h¢crelerini aktive
bu da otoanti korl arén ¢reti nainéwe 0Apooipnnodtniikt e
bozul muk temizI|l enmesi, sistemi k lupus &erite
romatoid artrit (RA) dahi/l ol mak ¢zere -exit
(2).

Apoptozisin d¢gzensikzlair],i n°geldiesfiemeelat bd z u
dahi | ol mak czer e -0k -ekKi tli i nsan hast al
Huntington hastaléejé ve Parkinson hastaleje
apoptozis ile karakterizedr . ¥rnejin, Al zhei mer h-ansldical €] én
biri ki mi anor mal n°ronal apoptozu ind¢gkl eyel
enfeksiyonl ar e, CDh4 T h¢gcrelerinin héezland:¢
bakl amasn&den ol ur . Benzer Kekil de, mi yokar
apoptozunun bir sonucu olarak ortaya -éeékar (

3. Kanser Nedir?

Kanser h¢crelerinin ayeéert edi ci °czel l ikl
baskeéel ayécél aréendan ka-é&nma, he¢gcecre ol ¢m¢ne
anjiyogenez, genomik instabilite, edinil mick
(22) . Bu °zellikler kanser h¢credekulnamé -iogt
et mesi ni ve uzak organlarda metastatik | ezyo
s¢re-1loer séraseénda, h¢gcre 0 - sinyal yol |l ar
ajanl ara ve antite¢gmPreybaaj@ked«h @il @inaetdiuiylaed £
karmakékl aktéeréer ve terap°tik etkinlifiji azal
4 . Kanserde Mitokondriyal Apoptoz Yol aj éneén

Kanser h¢gcreleri -eki tli mekani zmal ar kul
kusurlark unl ar & i -erir: (a) kaspaz fonksiyonunu
edinilmesi; (b) antiapoptotik BGR  ai | e s i proteinlerinin akeéreée
ekspresyonu; (d) apoptoti k efekt?or bitekromBAX Vv ¢
c'nin yetersiz sal énémé ve apoptozom ol ukumt
i nhi bi syonuna neden ol an sitokrom c'nin |izi

NI
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T¢mor h¢creleri, kanser taedavidai dahkar wé maikr
i -sel hem de deéexksal apoptoti k yollarén birec
apoptotik BCL2 ai | esi proteinleri-apopyokiaképregei a
rege¢l asyonu, Kkanseir vhe crraed yeortienrianp i kyeemodtierreanpc i 1
bul unur . ¥2 negn nekBgLrLesyonu t¢m kanserl erin
XI' AP (apoptoz proteininin X' e bajlé inhibit?©

5. Mitokondriyal Apopt oz Yol ajéné Hedefl eyen Kanser T

Kanser he¢egcecrel eri -eki tli mekani zmal ar ar
apoptoti k yollardaki bakl eéca kusurl ar «kKunl ar
genlerinde mutasyonla(b) antiapoptotik BC-:2 ai | e s i proteinlerinin
apoptoz inhibit°r¢ proteinlerinin (1IAP"I| er)
BAK' én kaybé veya inaktivasyonu; (e) sitokr
(K72) ol mak sgzerke om c¢c' nin I|lizin kaleéntél areéenda
ortadan kaldéréer ve kaspaz aktivasyonunun in
sinyalizasyonunkKarks ek utserd d \air slié rosrgdd)léik | zmo ri Il waj- 1
karké karkéyadér ve bu da tedavi bakar éseéezl e
ve ar k., 2023; Cui ve ar k., 2022) . Daha da
°l ¢mlerin yakl akéek %9 ®'ueddare!|l orad mnunaslémaseao
bir sorun haline getirir (Pluchino vd., 20
apoptozdan ka-ma, olumsuz kokullar alténda h
i mm¢gnoterapi l@gzerdahgilt oalonkaski k kemoterap®tik
varl é] éna rajmen -o0ojalmaya devam et me yetene
2022; PereRui z vd. , 2020) . Apoptoz hedefl 2 il a-1
MCIl-1ve lAPinh bi t°r | er. dahi | ol mak ¢zere i-sel yoc

5.1 | AP (Apoptoz Knhibit°r Proteinleri) Knhi
|l AP'"l er (Apoptoz Knhibit°r Proteinleri),

kontrol noktal aré ol abiaki tgi°melvi yap@ahméemi 1@y .u
Bl RC2, BI RC3, XI AP, Bl RC5, Bl RC6 Bl RC7 ve BI
proteini tanémlanméexkt ér . T¢é¢m | AP -pooteint ei n |l e
etkil ekimlerini d¢-ziem|l ggreaklvie olianny abil emel a
korunmuk BIR (Baculovirus | AP Tekrareée) b°l ge
kaspaz aktivitesini i nhi be ederek apoptozi s
temerl eradeesekilfekdea edi |l i r ve bu durum kot ¢
-exki tli tedavilere karké direncin artmaseée |
i nhi bisyonu, h¢cre sajkalém yoll aréneheakti v
dahi l ol mak ¢zere -exitli mekani zmal ar yol uy
katkeda bulunabilir (15) . I AP' | er Hapoplotkd e f al

aktivitelerini antagonize etmeye, kaspaz fonksiyonunu gerikbkgan may a ve Kkanser
tedaviye duyarl & hale getirmeye odaklaneéer (1

NP
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X1 AP,
cye gibi
kapsan| € al exel mexk
ger-eklexktirir
b°yl ece apoptoti
Ri edl vV e ar k. ,
yumurtal ek, kol
kanser tg¢gregnde

proapoptoti k Kk

ge°ré¢nmektedir

k
2001;
on, nero
-ekKi tli

cyesidir
X3, ARe-A'ogd r wajalna rkaabsiplaizrl av e
ol ayén
Shi

I NTERNATSONENTCBONEERENEEBERONE
Octobbr 2RRG DE JANEI RO
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enzi mati k
2010) . X1 A
evini hem do
onl
bak!| aOha gecark.€2001e / v ey ¢
ozaki vV e ar k. , 200
bl astoma ve akut miye
I kne ngoet | ei rkanpei s iinldae- |%anreémml

aspazl ar én
(Kashkar,
ve i Kl

Taxol, Docetaxel, Doxorubicin, Cisplatin, Gemcitabine, Carboplatin, Vincristine ve tirozin

kinaz inhibit°rleri
h¢egcrelerini
(16).Kl1 a- adaye
fakt®org¢ survivini hedef
(15). YM1 5 5, survivin ekspr
duyarl el ejeée arterabildi
ajanl arl a birl extiril
¥zelli kle agresif Dbir
kombine edil erek t¢gmer
2022) . Bakka bir I AP in
kull anéel ér ; nN°robl
ALL i-in Auranofin
il e kombine edilirtit-Awnr
Vinkristin/sisplatin
kull anél mék olup, -exi
ol dwj wr" st er mektedir

kapsamlé bir kekil de

YM155,

r

t

t e

(Lapatinib,
k ovriu ybaa kagkr, & sXél zZAPé jtéendaa v e
he¢ecre

er ek
pedi atrik

astoma i
(Has s
(Azakitein (Gerdes vd., 2006l birlikie e

LCL161,

l matinib) gi
hastal é&]
saj kal eméeneé tekvi
al mak ¢zere °©°zel ol
esyonunu baskeéel ayar ak
Kl'inik wve klinik ©
far kil | kaannnséexr tl éerr . ¢
kanser ol an
b¢yémesini azal tmada
hikrt?rgnokambLE6RBsG DN
-in Vinkristin (La
ve ar k., 2016) ve
Baait memaxkahservd. ,
A ML
tiplerinde
nasyon ha
ro ancak

K

C

e

[ i kanser

k o mb i
mi Kt

st edi |

Kl a- Hedef I|Kullanél deéej é

¥zell kl er |

Hemat ol o] k ka4
akc jJer,-bmg me,
borusu

XI AP, ¢

LCL16 cl AP2

doz bul
stab |
g°s

G¢evenl
hastal ék
S nerj

cl AP1, Kl

X1 AP

Katéegmerler, ©°2zg
Il e kull aneél

L),

-sel hem
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b rl kte et
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tet

k -al &k
gel «t
durdurul g

n
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52Mclk1 Knhi bito°orl eri

Mi yel oi d hl@®icl-g&,apdpemizu ds2adiapbpeotikeproteirb c |
ailesinine ait bir f-ar klgéll gk nmae gmart o tf e i ma me ( 1k
tegmerlerinin %56' sénda yaygén ol arak -ojal ér
zayéf k1l ini k pBatkagdVo2014a& Ding Q.x20071 | diamld 6 éa, Kk EM@E
ekspresyonunun, mi kr ot ¢bg¢l hede®R| hedpéahl abif

navitoklaks dahil ol mak ¢zere birden fazl a e
dirence katkeda bul unan QpNenzIEeq R@1E Bu nedénttu] u ©°r
hedef | | I nhi bi 't inhibesyonut potansiyekeotardkaapoptMik sinyallemeyi
ger i yé¢kl eylereekbaye é MAINBC t¢egmerl erini kemot
getirerek TNBC t edavielndreigmie ibyirl gratkil ameknéi -t €
ku anda klinik ©°ncesi -aléekmbaiardargeri ktbhimi
in vivo meme kanser. de dahi l ol mak ¢zere ka
nedeni, Mcllet ki | exi ml erini bozan ve net ve spesifHtf
dojrudan, g¢ -1 ¢i whei bsiet-%% rclierMcnli heveasontJB ket alme v c u t
2015 . Son ol arak Kkl intlK i°redae&sil i- ali @&k nxdelkd ré ddae |
birkail Mohibi 176, AXNMG999) ve CDK9 inhibit?©o]
mal i gnitelerde test edil mektedir (Tablo 1) v

Aj an NCT KI n Kk Kl n k Ara Uygun Hast adrée&)

Numar asé AKamas é

AMG 176 NCT0267545 | Mul t pl m yelom ve

AZD5991 NCT0321868 711 Akut m yelo d
CDK9 Knh NCT0326363 | Hemat ol oj k mal

(AZD457

Tablol:Mctl i nhi bit°rl erinin devam eden kIl ini

53Bck2 Knhi bit°orl eri

B-h¢gcrel i-2 (BEL2f)o m@ar ot ei n ail esi, apoptozun
proteinini iI-eren koRupwesgi bimi aopkeddri ydér d
( MOMP) hassas d¢zemalpepmesi kygboluyhabiei-8el i bi
ail esi proteinleri, mitokondriyal déxk zar ¢z
sorumlu ol an BH3 khotmolojgei (FadomBXhiinhipkaiytl Calé
BH3 t akdliar-ak eda bilinir; dojrudan i -sel apo
yakl akém ol arak geliktirilen ajanlareéen °ncg¢l
2 proteinleri i -indeki hi drof obi knéc etpalkdrie yea
k¢-¢k molekegllerdir (5).

NT
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Venetocl ax (VENY99 6haeadlknbiABITni 2'dihedefy ¢ ks e
alan bir BH3 mimetijidir (-198))17p delgsyiolBunays&hlpé n d a
kroni k I enfositikRéh°o°sedavi( KLL)- hasABDaFPA t a

2" yi hedef alan 1|1 R gjeabag .| aViamatkoBll &Mk s n B@l
dojrudan BAX ve BAK'é aktive ederek mitokond
ol arak apoptozu ind¢gkler (17).

Mitochondrial Outer Membrane

Caspase-mediated

Cell survival apoptosis Cytochrome C
kekil 2. Venet okl @)lrsiapoptotikeprbtdih BCL2me B laNn igz mia Syéal n é z
proapoptoti k BH3 proteinlerini tecrit ed-fyeek apopto
bajl anar ak, mi tokondri yal sdyéokn uznaur dae tB AX ewee nB A/Ka | onléizgecaoal
serbest béraker. Bu g°zeneklerin ol ukumu, sitopl azma)

a-an olaylaré tetikler (18).

Benzer Kekil de, oM&t09 ¢ | a-xklamessai yl €adta t(eGXtl 5e-Ai | mi K

inhibit°or¢sgder. Ne vyazéek ki, at aksi ve sitopeni
obatoclax'"én toksisite profili, daha fazla kIl ini
2014) . Bef apdakisébir di]er i n2yiHemn teBekL'W ehibet oc | a x

ederek, Bmgibiprmpopt ot i k d¢gzenl eyi ci l»elr'imi ns atl €lng@fmenéd i
d¢zenl enmesi ni baskél ar < inlabgynyt yerimdenedilebilirlancagk 2 01 7))

bu ail edeki dijer proteinl e2r eaiblag | ayealbarliimi.n Biunl
araceéel e apoptozis ind¢gksiyonunu sinerjik ol arak
°neml i bivitkd i g% &t earkthémi k ol sa da venetocl ax il
g°stermiktir (Vogler M et., 2011) .
KI a- Hedef Dur umu A-ékl ama
’ Prote
Venetoc BCH FDA onayl & KLL ve AML'de etk_ "
komb nasyonl ar énd
Kl n k gel N°r ol oj k toks s t¢g
Obatocll BC2 (ge durdurul bakaréesez old
Nav toc BC2 + -B Kl n k -al Tek bakéna séeneérl é&)]
X L gester yor.

Tablo 3. apopt@dzprdgteenl aykbeasBnol hedef alan kg¢- ¢
kull anémé (21).

NY
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6. Genel Perspektif ve Sonu-

BCL-2 ail esi apoptozisin i-sel yol aj énén
nedenl e klomumsaeahayatkbamlioywaBu s ¢recin daha i1 yi anl
engel | emek i -1in kull anél abil ecek il a-1ar én
apoptoti k vyol il e kanser araseéndaki kkar mak é
tedavil eri gel i ktirmek i-in -ok ©°nemlidir.
bunl ar én mevcut tedavilerl e kombi nasyonunun
stratejilerini Kekill endi rDmerdeen - ¢ n ereldrjgiade® bi rh ¢
apoptozu hedefleme ve aktive etme yetenej.i
devam edecektir. Bununla birlikte, bu hedef|
i -in, etki mekani zmasénénl dpha ayt énal mask ma
ge-irgenliji ve h¢crelerde yolak mod¢l asyonu
akél masée gerekmektedir.

KAYNAKCA

1.Bertheloot, D. , Lat z, E. , & Frankl n, B
apoptans sntr cate Gameulodr c&l moldeeBtSHar 1 m
lila621.

2. Xu, X., La , Y., & Hua, Z . C. (2019). Apc
and therapeut Bd otsafl eetd Bl g teeBts R&BI0SL.8099 2.
3.Ket &€lauthne r o, N. , & F tzgerald, K. A. (
necr ojpQhos my ! The many wayesuraalcelolf enad i ¢

bi ol403¢g4¢ ), 167378.

4 Kashyap, D. , Gar g, V. K., & sGaelpat Hway 2 (
apoptos s: Rol e n candevadees| O pmentot @n ¢
and structlr5aZ3®i ol ogy

5. T an, X., Sr n vasan, P. R., Taj kn a, V.
B. A. ,De .ry.& (BIOB4). Target ng apopthet c¢ p
Journal of «cl f1B{4t4). investigati on

6.00 |, H. K., & Ma, L. (2013) . Model ng h
apoptos BMPas wwiagms-1Bi ol ogy

7.Lopez, J., W& ®a (20%5) . M tochondr al apc
enemy ®rithiah | oulrlfRd) 96925.C ancer

8 . Hanahan, D. , & We nberg, R. A. (2011) .
generadgl #45.) -6 7644.6

9.K m, R., K nT. T(.2024 )Beclkmpakxt of compl ex a
on cancer cell Gemck@ts)vy, t998 4.0 t her apy.

10L K., van Del ft, M. F. ., & Dewson, G. (2

ntr ns ¢ apopibe EMBOEI0ddaagt ¢ ldalddd.

N ®



CONFEREY,
\
o :‘.rﬂf

KCADEgyy
&
Y
onrsn ™

LATI N AMERI CA 11th

w.akademikongre.org

| NTERNATSEONENTCONEERENEBRONE
Octobbr 2RRG® DE JANEI RO
| SB\\R. :6 255 8B40
l11Beur el , E. , & Jope, R. -a®.d -da@@m®t6gt. clr hac tp a
GSK3 n t he ntr ns ¢ and e xR rro qirse scs  aipn
neuroh7 ®4 o g1y8197.3
l12Caval cante, G. C.G. $chad&andtvaanaPM.,, NabrRlint
A. F., -&o0o%a rmteosr,0 A. (2019) . A cell 6s f at ¢
b ology and gehetecsabifomapbptosr,B@l7pf mo
4133.
13!l umal a |, P.D,, @GlunadSeanrt m [,kumar, K., Bant
Benson, C. S., & Arunakaran, J. (2012
cells by n mbol de throuGbxiecolom¥52hetaner
13142.
14Warren, ,CVBorRogw®, M. W., & BBGM2 efnga miNl. y Al s ¢ 2
in apoptosis and cancer. Cell Death Dis
1 5Y.e, Q. ., Zhuang, X. Z. , L J ., & Zhou, X.
prote ns (1l APs) to corndbradntdireurgs riem pRH amma
1562167.
16Hr d nka, M., & Yabal, M. (2019) . I nh b to
d s eGesnee.s & ,R MY 6l 5604. 1
17Roberts AW, et al . Target ng BCL2 w th ve
l ek em a. N Engl Jidvza. 2®16;BF41N56/3NHJI Mo ¢
18Rahm®, R., & Braun, T. (2024). Venetocl ax
New Hope for Refractory and/orlJoRelnaps ed
Clinicall@gmahHioci ne
19Shar ma, V., & Kumar asA.a (poaz2zh)t. tMClget f
advancements, structuBiador qasnigh tBh &ids tSIAR
20Pfeffer, C. M. , & S ngh, A. T. (2018) .
t herlanptyeer nat i onal jourh@2) ofd4m®]l ecul ar sci
21S ngh, P., & L m, B. (2022Qu.rr €at g eotn cnogl
reparét3ds) 2 8247.3
22Hanahan, D., & We nberg, R. A. (2Gkl)l. Ha
1 4(45 ) 6-6 7644

111
<



CONFEREY,
\
o :‘.rﬂf

KCADEgyy
&
Y

onrsn ™

LATI N AMERI CA 11th | NTERNATEONENTCBENEERENEEBRONE
Octobbr 2RRG DE JANEI RO
Ww.a.zmw,,w. I SBN\R. :62%5 8B40
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¥ZET

Empati, ahl aki yéekeml ¢l ¢k ya da sosyal nor |
bakkal ar énén iairltiéjrimmaiy éy a mdhia | raggfaamh@reé ¢l | ¢ da
prososyal davranéxlar; yardéem et me, payl akma
-eki t i bi-im erde ortaya -éeékabilir. Pr ososy
geil mk destekl emenin yanénda toplumsal uyuma,
czere topl umsal dayanéekl él é&éja katkéeda bul un
biyolojik ve genetik altyapéseéd®rmemixxawrantvel
sosyoke¢lterel et menl er ve epigenetik me k an i
ekspresyonunun deji Kmesi ne neden ol an -evr e
modi fi kasyonl arén incelenméeinmel, asakeisf ado®ke
ve sosyal deneyi mler gi bi -evresel etkenl er
Bakl éca DNA metil asyonu,kdhdlsaypyéedc gmoRNA I krasy®In
epigeneti k mekani tmaéprgebsyami daveamék kkil i
davranéka etki eden -exitli epigenetik fakt?®
Anahtar kelimeler. Pr ososyal | i k, Prososyal Davranécxk,

Epigenetik

The Role of Epigenetid~actors in Prosocial Behavior

ABSTRACT
Prosocial behaviors, defined as voluntary behaviors aimed at increasing tHm=wgllor
welfare of others through various motivations such as empathy, moral obligation or compliance
with social norms, can occur iranous forms such as helping, sharing, comforting, donating
and cooperation. Prosocial behaviors support individual-estlg, empathy and moral
development as well as contributing to social harmony, cooperation and social resilience,
especially in timesof crisis. Factors such as the individual's biological and genetic
infrastructure, cognitive and emotional development process, early experiences, sociocultural
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factors and epigenetic mechanisms affect the development of prosocial behaviors. Epigenetics,
which is defined as the study of modifications triggered by environmental or developmental
factors that cause changes in gene expression, modulates gene expression through
environmental factors such as nutrition, stress, toxins, drugs and social expeEpngpesetic
mechanisms, which mainly work through DNA methylation, histone modifications ard non
coding RNA, are associated with the development of prosocial behaviors. This review examines
various epigenetic factors affecting prosocial behavior.

Keywords: Prosociality, Prosocial Behavior, Epigenetics, Prosocial Behavior and Epigenetics

1. GKRKKk

Prososyal davranéxl ar ; sinirsel, hor monal v
muhakeme ve sosyal bil ik gi bi psi kol oj ik r
koklexktirilir ve kekillendirilirleeri.ge(nknaf]a,
anlamak; -evresel fakto°rlerin gen ekspresyon
oluka katkéda bulunan prososyal davranéxkl ar a
prososyallijin epigenmeetki Jbiaz¢z e-railnéek mail taerraa tkeéér

temel bulgulara yer verilecektir.

2 . PROSOSYAL DAVRANI KLARDA EPKGENETKK FAKT¥R

Prososyal davraneéecx, bireylerin bakkal ar ér
ol arak sergil edlikrmleuigl asroaslk ad e jaereldeamdior i | en
Prososyal davranéck, bakkal ar @énén Pyi i Jini
davranéexkl ardeér ; bu davraneéexkl!l ar yardém et me,
bi-im erkdaebottaya(Eesenber &Mussen, 1989) Proso
etmeye y°neli k herhangi bir davranéké ifade
yée¢keml ¢l ¢k ya da sosyal normlara uyum gi bi -

Prososyal davranéxl! ar bireysel iy ol uku
yanénda topl umsal uyum ve i K birlijini ve ©
dayanéekl el éjé ge¢-lendirir. Bi r ey lekileiirnve ve t o
birbirlerini etkiler bu nedenle toplum yanl €
davranéxklar ve altta yatan sg¢re-1eri anl amal
et ki eden epigeneti k me&kzaén z-mall éakw ma led reé ail mme

Epigenetik DNA dizisinde dejixkikliKk ol me
kal etéel abil en gen fonksiyonundaki dej i ki k1 i
Epigeneti k; gen ekspresyonunun kal eciésebl ar ak
etmenlerle tetiklenen kal étsal modi fi kasyonl

histon modi fikasdsyagkEaeéeveNANome kani zmal ar éyl a
fakt°rler ve yakam tarzeée gi bi eentamamadadritik n gen
°neme sahip ol anDNA metilasphkualhNA'mMmadmrbel i r | i bo°l ¢
gruplarénén eklenmesi il dHigemne mopi Histgn@ars y ouwn |

]
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proteinlerine eklenen kiénydepi kKtgirued ek égerkr
etkilemesivlNon-k o d | ay é c & eRNA&'klspmr:esyonunu d¢gzenl eyen
RNA mol ek¢l l er ol arak i fade edil mektedir.

Prososyal davranéxklar il e epigenetik aras
di siplinler arasé bir araktérma alané ol makl|l
deneyimlerinin (°rnejin; bakeéem, sosyal dest
davranéklareée ¢zerindeki etlerl.Lerine odakl|l anan

Erken d°nem -al ékmal ardan Dbiri Roth ve ar
olumsuz deneyimlerin (yetersiz bakeém, i hmal
geninin metilasyon durumunu ve ddaévrr.an@xlséad ma
er ke yakamda i hmale veya yetersiz annel ik
avrularéna karké ©°neml. °l -¢de kot ¢ muamel e
ur ukl u emzir me pozisyonl ariépiskeragmnihedidkalve rai
°©zl ml enen anor mal BDNF DNA metilasyonu ve
rtaya koyul muktur. Knafo ve arkadakl-arénén
evr et kil eki mini el enabdepéesyal edmayangRrRl
akt°rl erden (°zellikle DRD4 geni) hem de el
ekil de etkilenmekteegiprat ¢al ek maeéa sBRDp 7 o
alitesine karké °sgdara dy ¢ ks &lul d-eegeat aléneelsdghip r g DF
-ocukl ar destekleyici ebeveynli kte en y¢ksel
davraneéck sergilemiklerdir. ¥nceki I ki z -al
verilerinin yeniden adai z| e nme s i il e g°zden (KnmaoNoamive en ay
ar k. 2018) -ocukl arén prososyal davranéexk efji
-evresel deneyi mlerin etkilekimiyle Kekil |l e
gelik i mi nde geneti k etkinin g¢-1¢ olduju ancak
gel i ki mnde belirleyici rol oynadéjé ortaya

o aox
°c o< ® X ©€ S

~ X —h

Meek (2013)genr evr e et ki | eki mi bajl aménda pr osos
eden °ncg¢ n-deelrek taalleérkdreada ai l e ortaméneén pr o:
Kekil de ortaya konul muktur. ¢ocukl arda pr os«
veynl ik kalitesi araséndaki et kil exi
tekl eyibceivewem|l s &kcakitemunda geneti k ri sk t
ranékl arén gelikebil difjJi ancak olumsuz el
gul aSneméokttoénri.n t a kHeTyTeLcRER gpeonliinndoerkfii z5mi ni n pr
rindeki et ki si il e sosyal kaygeée d¢gzeyl er
t eden bir -al ékmadaHT(TItPoR 6tdeen bse riagyldrieS .i  etta.
kaygéya yat kénl ekl ar é nedeni yl e dah
gul anméexkt ér . Bu bul gu, serotonin sistemi
gé gi bi psi kol oji k ar akKredaamdlan OXA&mivair yamt
y al sinyal g°nder me ve sosyal sinyal al me
¢he¢e (i fade ve algé) birlikte kekillendird
an ve ar kadXkR res858 GG Yydéndtifiine Gaheg bireylerin prososyal

D
(op

o
(1)
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ejilimlerini daha et kil i fade etti]i ve di
i pu-l aréndan daha dojru «kekilde algeéel ayabil c
sosyal simegal Il eneism y®en al gél anmaséndaki r ol

°nemlidir. Walter vV e arkadaxkl! ar é (2012) OXT
bireylerin kazara zarar verme durumlar éneé de
g°re C alkilneytleewéeylazar a zar ar ver me dur urm

dejerl endirmiklerdir. Bu bul gu, mor al dej er
ol abilecejinEmgast armekht edaryatan mekani zmal
t ¢rarexl karké prososyallifjgi motive etmedeki e
2015) prososyal davranékl arda mer kezi r ol 0y
insan ve dijer memelilerde empakéwyw veemeosyga
i bajl aré g¢-1endir me, t¢eren hayatta kaln
evri msel avantajl ar sajl adej e i fade edi |l mik
aktar emeén nN°rometaboli k ké&héet ésmlra; | de$ ttoe kblien
(Okada, ve ark., 2020) -ocuklarén ve ebeveyn
araseéendaki ili kkiler analiz edilmiktir. ¢cal e
stat ¢ ve s°z| ¢erdbedvee yinn csedvegninsiik tetrki I¢al é Kk ma:
et kisinden bajémséz olarak s°zl ¢, ebeveyn sev
bir pozitif etkisi gzl emlenirken sosyoekono
ancak sosyoekn o mi k stat ¢negn ebeveyn prososyallifji
bul gul arOk&Ktt@®rs.i nin (OXT) i nsan prososyal
temell erindeki rol ¢n¢g kapsamlée kekil de g°zde
ark., 2021)0OXToOonin prososyal etkilerinin bajlama d
veya karké tarafén Ai- grupo ol arak algel an

ol duju ancak ayné durumun dék gruplkdraa ék arak
arteéerabildi] ¥tefayaemdeaedi lyminktdiof .an d°neminde

°]l - ¢l en DNA metilasyon desenlerinin, -ocukl
il i kkisini el e alan bgrwyglki 2 | —(mkMive ok, 8081 pi ger
g°re dojumda °1-¢1l en DNAmM desenl eri il e - o0
arasénda kanét bulunamamécktér. ¢al é&kmada, pr
yakam stres®rl erinin ¢yallzeasyry bulmetkasyonadesenderini Kk | e v
Kekill endirebileceji v e bunun da Il erl eyel
etkileyebileceji vurgulanméxktér. Erken ya

Er ken yakam deneyi mi il e -ocujun n°robivyol
baj laarntied i n evrimlekmiKk yuva -er-evesini K L
(Tar shaa, Narvaez , 2023) evrimlekmi kK yuva

n°robiyolojik yapé také olan oksitoeneaeer j ik
al mekter. Evri ml ekmi K yuva,; 30 milyon yeél dat
ol gunl aktéek-a temel ihtiya-1|laréné karkél amak
yuva,; yat ekt ér éce perinatalk,dedweywyamlér pakém
bakémverenl er, kend:i kendine y°nlendirilen

deneyi ml er i -erir. Kncel emede evrimlekmik Yy
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endojen oksitosinerijahlakisoml elya k!l a ei loil wknil lue rsdis

dejinilerek evrimlekmik yuva bilekenlerinin
et kil ediiji ve prososyallijin temellerini o |
Ayréca ekzojehewkisk tpgva, sajvkama davraneéxkl ar
perinatal deneyimlerle il gildi sonu-1ar kar e
oksitosinin bajl anma ve emzir me Ss¢é¢resini a
ol abil ede]l.ngtlB¢ iyrak ar al é]j éndaki-48l yakdajamék
takip edil difji Gen - Finliler ¢tal ékxkmasé veri
°©zelliklerin biyolojik yakl anma spgspekafbir ¢ zer i
-alekxmaya (Dobewall, H., ve ark.,2023) g°re
biyolojik yakénén Kkronolojik yakéndan d¢kge¢Kk
sosyal °©zel |l i k2084210€e 7idyicatrhkdadra n dod ag-i | 2aman nok
al énan 1.213 ergeni (Eis-perneorz ab evrez earr kb i.r ,-2a80l2&64K m
empati ve g°n¢ll ¢l ¢k gi bi é - erdem boyutunu
°ng°ré¢p °ng°r medi®zis aweg éb w ei Ipiskkkioff oj i k r ef ah
¢tcal ekmaya g°re daha y¢ksek ahl aki Kimlik i1l €
0

z saygé ve psikolojik refahla ; erken ergen
GrimAgesaande daha yavak epigeneti k yaklanmayl a |

d°neminde daha y¢ksek ©°z saygeénen ge- erge
°ng°rd¢jé¢ ancak erken ergenli k d°nemindeki
psikoloj k refah veya epigeneti k yaklanmayé °ng?©°r
-ocukl uk deneyimlerinden(ACE) rahim i-i yakeéeé
kal ma sonucu ortaya -ékan stresi tlaekrl,i t ajerdée
duyumu ve epigeneti k dejixkikliklerin anneye
bir -aléxkmanén sonu-|laréna g°re (Harris ve a
erkek yavrul ar, pl ant ar dkaevsrian&@me lai yaaztad nndaa nv
davranékta arteék g°stermiktir. Bu yavrul areén
kaynakl & oyun davranékéndaki bozul ma tersine
beyni il erl eywgmarpaklaamdaadjar dlugarl € hal e get
gi bi olumlu deneyimlerin koruyucu ol abil ece]j
¢al ekmada beklentilerin aksine perinatal tr e
dki annelerden dojan yavrulara g°re sosyal d
daha sék baklaméktér. Bu beklenmedi k durum z
il e yalama ve téemarl ama gi bi pobmaggat edatwr a
amaceéeyla ergenlerin ikil:@ sosyal/ oyun kar«kel
yeniden sajlamak i-in daha fazla oyun oynama
erken d°nemde olumsuzhlukd da ak ammaé& uma kéal aynu rh al
g°r ¢l mgk ve bu durum dojum °ncesi stresin vy
davranékl arla bajlanteélé ol dujunu g°steren
anneye oksitosi noswyaduloaynuma skeankelna tpmao sveya oyu
czerinde etkisinin olmadéejé ancak antisosya
azalttéje bulgulanméexkxtér. Bu -al é&kma anneye
yavruya kialé@éeéabtiar &«klekbi |l ecejini g°steren il
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°nemlidir.Bir késétlayece i-inde sékekep kal
sé-an yardem etme davranéké testanamrl arp]auérs:
ol arak serbest béerakér ancak yaklakék %30'u
araséndaki farké belirlemek i-in a-écé ve a-
ve sinirsel belirteléemadakaHaezbaakteeéchdle] €2
a-él madan ©°nce ve sonr a, a-écée ol mayan sé-a
i i kki sel davranék g°sterdiiji bul gul anméxkt eéer
(NAc) oksitosinesept °r ¢ mMRNA seviyel eri daha y¢ksek:
rastl anmamécxkt ér . ¢tal @ékmada a-écél aréen NAc' si
°]l -¢de up reg¢le edilirken kemogeneti k ol ar
etmenin yardém etme davranékéné °nemli °1-¢d
bul gul anméktér ve bu durum yardém et menin ya
g°stermiktir. ¢Cal éeékmada ayr é gen(EGQG)¢Fek ' aé -darylad
beyin genelindeki sinirsel aktivitenin anal.]
ol may | ara kéyasla daha aktif ol arak bul gu
i Ii Kk b°l gel eiyal sifgulat seufroatal kogetsielR tveo NAE rgwio r

%

a

e

t

»w — O

mot i on ve °dg¢l b°l gel eri i -ermektedir.
én il i kKki sel davraneéecx Ve prososyal
ecejinialgedaweramekén palots®@rsga yatan
|l masé i -in hedefler ortaya koymuktur

|
davr
edi |
ar ack

oS o9 To
= — M

D

y al bil i kin al gésal v e -PSTévk a KRMIBEF a | d¢
eriyle ©°l-en bakka bir -al éexknmnaigeg ( Hye
arkl é& genl erdeki metilasyonla ilixkkild:@
el yetenekl erin algeéesal ve -ékarémsal

mektedir. Yakameén e r ¢tap rakut dv@ Rreniklsges i n d e k
l erine kadar -ok -exitli -evresel f ak
a mada erkekl erde a-RM&n BBNFommanbasgandy
ol duju g°zl emi bu te¢r kdwerraxelal gtéeksiall e rdi ¢nz ez
i Kl emeyi etkileyebil eceji ancak ayné i11ikki

epigeneti k d¢gzenleyici s¢re-leriyle 110 kkil
dojum ©°ncesi - e verrees erha rtuozk sk &l maandédne ler ke k| er
metil asyonu il e bajl antéel é ol duj u ancak k a
metil asyonunun <cinsiyete bajlé etkilerini C
zamanda BDNF metilasyonu ile sosydlbikxosyal al gé arasénda da ci
il i kki ol dujunu ortaya koymuktur.Bir -al ékma
prograména katel manén, -ocukl arén sénéfl areén
gen ifades ni n azal masé vV e °©z bil diri me dayal €
ilikkilendirilmiktir. Nakamura ve arkadaxkl ar
katel emcéyé kapsayan Health and Retirement

mortalite araseéendaki il kKKki yi a-éklayabil ecek

genel bl ¢l ¢ én °1 ¢m oranéndaki d¢e¢kKekl e a-éek-a

ol aséeé araceéelarda incelenmik hem fi zi°Ks;ean hei
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oranéendaki d¢kKk¢ke araceéel ék ettiji g°steril mi
sosyal bajlar, bakkal aréna yardém etme ve to
ve yalnézl ek gibi ol umsviez idefnleaymamnslyeorn ui laez ak
infl amasyon belirte-I|leri). ¢al ekmada prososy
umut ve ama- sahip ol mak gi bi ol umlu duygul
inflamasyon, oksidatif stres gibiolus uz s ¢re- 1 er i i se azaltabile
yakl anmayeé yavakl atabil ece]i belirtilmiktir.

mekani zmal arl a aktareéel déejénée a-éklamaya y°n
-aléekmada, (Qi.aZwenhong, W., 2025) ebeveynin

czerindeki etkisinin genetik ve -evresel mo (
i Kl eyi ki gibi sosyal -evre fakt°rleriyle kek
gen-evre etkilekimini biyolojik d¢zeye takey.
davraneéxkl ar én epigeneti k i karetl er aracel
belirtil mektedir. Yine ayne -al ek maadak ele- ocuj u
al éndejénda prenat al ya da erken -ocukluk d
etkilerin -ocujun stres hormonl ar é, i nfl ama
d¢zenl eyi ci sistemlerinde |legie@enetbiuk ddegjiikkiik
prososyal davranéxklarén gelikimini etkileyeb

3. SONUC¢

Son yeéellarda sosyal davranékl|l arén biyolojik
davranéklaré da epigenearaktdeemgdel anépéelpen
Hem i nsan hem de hayvan modelleri ¢zerinde y.
i°zell i kl e ebeveynlik kalitesi, $ epigeretik b ak e
dé¢zenl emel er yyaoldeyn a temep adtaiv,r anéké ve baj ku
ejilimleri Kekillendirebilecejini g°stermekt
Epigenetik mekani zmal ar ; geneti k yatkenl ék
oynamakta ve bu yolla bireyin sosyddlavr anékl ar éeéna et ki edebi |l me
resept®°r geni (OXTR), serotonin takeéeyeéeceé gen
dej i ki klikler, sosyal duyarl él ek ve kikilere
d°nemdam| ayar ak yakameén er ken d°nemlerinde
davranéxklar ¢zerinde uzun vadel. etkiler oluwu
arasé aktarelabilecejine dair bulpgpeyde &apiml
aynéeé zamanda topl umsal bajl amda da °nemli -
davranékl|l arén desteklenmesine y°nelik -evre
dest ek, ej i tim, géevenld o bajl athmk mekahi £ ;ma
etkil ekmesinde belirleyici ol abil mektedir. :
davranéxkl arén gelikiminde insan davranékeéneén
bir -al ékma al anédér . soByal bexdrilarim desteklanmbsi hera ges e |

topl umsal d¢zeyde dayaneéekma, empat.i ve 1K b

derinlemesine anl akél masé gereken bir alande
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¥ZET
Otizm Spektr um Bozukl uju - ok -eki tli sempt oml
n°rogel i kimsel bozukl ukl uktur. N°rogeli kKi mse
nedenl erini anlamak son derece °nemli&inr. Ot
yakam kalitesini i yil ektirmek i -1 n °nemlid
faktorl er, epigeneti k modifikasyonl ar ve -e\Vv
tevrgsreéti k faktorl er epi geno muebilibwezaoudik | i r ,

fenotiplerin heterojen karmakékl| & énén

al ter
DNA metilasyonu ve mi kr o RNA dejikiklikler
ili kkilendirilmiktir. Araktzémamaméadal OKSBRO Esmn r
epigeneti k fakt°orler gibi oti zme yol a-an -

Anahtar kelimeler: Otizm Spektrum Bozukl uj u,
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ABSTRACT

Autism Spectrum Disorder (ASD) iscamplex neurodevelopmental disorder characterized by

a broad range symptonisis extremely important to understand the causes of autism spectrum
disorder which is a neurodevelopmental disease. Treatment and lifelong support of autism are
also importanto improve the patient's life quality. Autism is a complex disorder and multitiple
factors such as genetic factors, epigenetic modifications, and environmental factors are
involved in the development of the autism disorder. Both genetic and environraetded tan

disturb the epigenome,influencing autism spectrum disorders development and underlying the

heterogenic complexity of autistic phenotypes. Epigenetic changes, DNA methylation and
micro RNA alterations, have been associated with ASD and propegmatential biomarkers.

We describe ASD and its relation with the epigenetic mechanisms, several different factors
leading to ASD such as environmental and epigenetic factors.

Keyword: Autism Spectrum Disorder, Genetic, Epigenetic
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1. GKRKKk

Otizm spektrum bozukluju (OSB) d¢nyada ve T,
-eken ve her toplumda g°r¢len °zel bir grupt
rastl agalnin®ir ms e | yetersizIliktir.ul 8mapa e#d° my
-al ékmal arén dijer engel grupl aréna @SBre dah
ol arak tanémlanan klinik tablo il k olarak 189
il e g¢ndeme gel mi ktir. Kdmaméra tidn&kli adkajrenal 1
zamirl erin tersten s°yl enmesi , tekrarl ayeécé
belirtilerinden bahsetmik ve bu durumu Ainf a

Otizm spektrum bozuklagkamégeinlek yvyélarakébeai ol

boyu devam eden; etkilekim ve iletikim alan
alanl areée ile kendini g°®steren karmakék gel ik
i se OSBOonin hbeirrié,8 -edd&kuHltean i ; erkek -ocuk
-ocukl aréndan 4 kat daha fazla olduju ancak
belirtilmiktir. Otizmin nedeni, kesin olarak

fakdreirh neden ol duju d¢kegnegl mektedir. (1)

2.1.0tizm Spektrum BozukI|l uj un Etiyolojisi

anormall i klerin erken yaklarda bakl ade
ve amigdal ada ol mak ¢zere beyinde akeéereée byg¢
bil dirilmixktir.

N°robiyol oj iN r dga%krt orrtl glre me -al éxmal ar énda (
)

OSBOI i bireylerde amigdal a, tempor al |l ob, 1
bildiril dif7Ji beyin b°lgel eridiorl.dugdSuBobdiel dEEFG |
f MRG -al éeékmal arénda duygularée anlama g°revi
ok uma go°revi séraseéenda saj fusiform girus:

N°roki myasal -al ekxmal arda igmb®8Bjiik evel serkoD
hi poglutamaterjik bir bozukluk oI3duj unu d¢kyg

Geneti k ©G&RBRtIdleeri:l i kkil geneti k dejiki kIl ik
kr omozomal anomal il erden, N\Vop ytae kS agyeers € mubted s
varana kadar farkl éeOBB-imlierdatkenhde& -oékiaxbi
bir késménda nadir, tekrarlayécé de novo ekz
NLGN1, SHANK1 ve SHANK3 genleridir. Epigee t i k dej i ki kl i kl er ve
segment al homozigotisite ile sonu-Ilanan uni g
oynayabil eceji gesteril miktir. OSBoédeki spesi
Frajil X, - e valiaht kromozom p6pl1.2 delasy@nrve duplikasyon ve maternal

1591*q13 kopyal aré gibi, il e OSB arasénda anl

(@)
111



CONFEREY,
\
o :‘.rﬂf

LATI N AMERI CA 11th | NTERNATEONENTCBENEERENEEBRONE
Octobbr 2RRG DE JANEI RO
I SBN\R. :62%5 8B40

KCADEgyy
&
Y

onrsn ™

www.akademikongra.org

¢izel ge 1. Otizm spektrum bozuklujuyla ilixkkil:@
Genler: Nedenler:

PTCHD1 Zi hinsel Gel i Ki m

HOX Beyin Geli ki mi i -in °neml.i

CHDS8 Beyin anormalliklerine neden olur

FOXP2 Dil ve Konukma Yetersizlik

SHAFT3 N°rotransmiter reseptorler

OKTR Y¢z hafézasénda et ki si
tevresel-€&akes8el eet menl er arasénda kKunl ar sé
, -exkitli 1l1la- ve toksi kppaidkdozeobiifleayil i maa
doj um ajerl eje, sar el ek vV e doj um sonr &
sér al an@Galked laidjéir n ok periyodunda val proi k
enfeksiyonl ar, besl enme yet er¢sniczg i Kt eme st eark
bakteriyel enfeksiyoniar, hastane yatéxkl ar e,
gi bi décxk etkenl er, anne karnéndaki bebejin

dekenegl mektedir. (4)
2. 2. Epigenetiojlignn Tanémé ve R
Epigeneti k, DNA dizisindeki deji kimlerle a-E&€

kal étélabilinen, gen fonksiyonundaglinedeki kid
etkenlerin veya Obelirte-lerid nasél dejikti
incel er . Epigenetijin °ncelikI:i rol ¢, embriy.
ol ukumunu y°net mek ve r egEpl e redtmejyien ydirjdermcree
-evre araseéndaki etkil ekime bakmamézeée sajl ay
i fadesi ni etkilemek i-in dejixktirildifji yol |l
kar makeék et k¢ b ekoirmlaeyra s-o0érk a n epigenetik de
multifaktoriyel bir bozukl!l uk ol duj u bel ir
anl akél madéjéendan epigenetik dejixkiklikler,
rel ¢ng a-@&klayabilir. (5

23 . Epigeneti k Faktorl er

Epigeneti k dejikikliklerin d°rt farkl & modi-
Meti |l asyonu, RNA interferansé ve RNA modi fi
d¢zeyinde °nemli roll er oynarl ar.

Histon modifikasyonla® : ge n o mun far kl é transkripsiyonel

b°l ¢nmesine yardéemcé ol abilir. Hi ston kuyruj
serbest bérakmaséené ve DNAOGneéen bil exkimini de
-a&klneada otizmli hastalardan al énan °rnek anal
bajl anté varde, epilepsi ve n°ronal uyar el ar
DNA Metilasyonu:dojrudan DNA i fadesi vV e tr
metilasyonu,sitozim b e ki nci karbonuna met il izl erinin
etkiler. DNA meti | asyonu, OSBOnNin dahi | ol mak iz

0)e)
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patofizyolojisinde rol oynamaktadeér. Prolin
geni otistk Byi nl er de tempor al korteks vV e ser eb
sergilemiktir. Otistik hastalarénén beyinler.i

metilsitozin dioksijenazlar (TET)-1, -2-3 6 ¢, kodl ayan mRNAG6I arén ar
transfeaz 16in (DNMT1) azal déj®2né MEG&€LHI| i €pGdleaij

gostermi ktir. Hem MECP2 hem de DNMT1 protein
ve bu i ki genin iklevi -B2ral masénda kaynakl an
Kodlamayan RNA: Epigenetik rkean é€ z mal ar i -inde protein

-evril emeyen RNA transkriptleri ol an bajl
Proteinlerin yerel -evirisi, nN°ronal aktivi
MRNAOGI| ar é -eervacéal eg@&rydai i ndegklenir. Baj exékl
proteinlerin b¢gyeéek olaséléekla otizme -ly ol a-t
aktivitesini dé¢zenl er ve dendritik morfol oj

olur.(8)

sncRNAlar,MikroRNA (miRNA): sncRNAlardan 224 n ¢kl eot it uzunl uj un
gen ¢zerinde mRNA translasyonunu sessizl ekt
bireylerin t ¢ ker ¢k séeveéesénda, periferik | e
molk ¢ 1 | er ol abil eceji acéekl anméxkteéer. (9)

Y-RNA:Y-RNAOGI ar yaklakék 110 n¢gkletid uzunl uj unc

czerinde epigeneti k mekani zmal ar il e etki g°
OSB hastal ar €énddcaz ebye | ifragriknR&bA @akraagke ot et emj ¥ g°
sadece OSBOode dejil dijer OSB belirti-l eri g
RNAG6I arén farkl él ék g°sterebileceji dekKenegl m
t sRNA(Takeéeyeéeceé Ko kenl i k¢-eckedRNA)N: vtes RDIMA @
transkripsiyon ile genomda yeni |l okasyona ye
°l ¢megnegn regeé¢l asyonunu sajl amakt eéer . Mat er nal
model |l emesi nde OSB i lliexwldiel it sfRINMPADtl iap ¢ ° st erier
deji kimlere neden ol abilecekleri g°steril mick
¢izelge 2. Otizm spektrum bozuklujunun epigenet:.
Epi genet i k H Nedenler:
RNA metilasyonu MR NA d°ng¢ K¢ mg il e apractaidm

d¢zensizIlijJi,metilasyondaki

azal maséna yol a-ar
I nc RNAOGI ar Farklé kekilde ifade edil en

i Kl evlierin bakarézeéel éjenda ro
mi RNAOGI ar Sinaptik me kani zmal arda, si naptik

i kKl evlierde yer alan genl eri k

HDAC1 valproik asit inhibisyonu ve GSK3B lityum W

transkripsiyon inhibisyonunu
HDAC16in inh

on
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Histon H3 fosfoilasyonu |Andr oj en resept?or uyar él mas
engellenmesine neden olur
Epigenetik proteinler DNA metiltransferaz ekspresyo

2.4.0tizm Spektrum Bozuklujunda Epigeneti k T

Davranik teeampto®m/ anéizrmin tek onayl é tedayv

d¢zeyde -exki tli psi kososyal ve -evresel ter e
genelli kle birka- yéla yojun bire birji sean
nedeniyle sénérl é& hale gelir.

Farmakol oj i k d¢zeyde, psi kiyatride kul |l ané
geliktirebilir,ek -0l arbhlrenkpgkl i xei rsiplerme $ii ke
d¢zel tebilir . (SuinBunetanidaokqvddik Arbaklotes Risperidor,D y u

vit)

Geneti k d¢zeyde,gen d¢zeltme terapisi belirl
gen terapisi daha kal ece et kil ere sahip (
°nl eyebilir.dqrHiaryd’ea,n gmordeldle zel t mel er i CRI SPI
ekspresyonu, virus aracéle genle ve oligonukl
bir kKkekilde el de edilebilir).

Epigenom d¢zegCase,t €CRhMGIPR] i siendtei ki |dejkiidiik
tersine -evirme potansiyeline sahiptir. (11)°€F
proteini bajéekekl éel ék sisteminin viral enf e
kekfedildi. CRISPR ve Inearode ratiikz;,m |sepre kkturl U na nbéc
ol an gen bakareéeyl a d¢zeltildi. CRI SPROI | e
vurgul anmekteéer, ancak gen d¢zenl eme teknol oj i
y°ntemdir, bu yg¢zdeéinkonedui. Kk ol arak tartéekél aca
3. SONUC¢

Epigenetik mekani zmal ar , otizm spektrum ©bo

sajl ayanl ar ol arak daha fazla tanénmaktader
modi fi kasyonu gi bi epigenetiiknidede]jkiikktliirknheed

i fadesi ni etkileyebilir.Bu modifikasyonlar g
rol oynar.

Sonu- ol ar ak, otizm yakamén il k 3 yeéeleéenda o
beceri si a - € s & n drmamentyak gdem bir Ibazukluktui. ®tizmirs epigenetik
predispozisyonu ol duju yaygén ol arak kabul g

OoP
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¥ZET

Té¢m hegcrelerimizde ayné DNA varder. Ancak LC
h¢cre tipine ve kokullara g°re dejikebilir v
adé verilir. Ffaarrkkl [éé hz;acmeen learddea veek spr esyonu
°czellikle Sitozin (C) be met i | grubunun e k|

modi fi kasyonl arée ve kodl amayan RNAGI ar én f
ekspresyonda meyaranh, gred en-ideyekhmkbre deéxkeée

faktorl erden Dbiri de metabolizma ve v¢gcuda

hayatta kal mak I -in ge-irdifj.i ki myasal real
(yapéem) veyk&eaboloil amak( i ki ye ayrél ér . Met al
Srén metil asyonu, gen sustur mayeé, histon m
birlekmesiyle fimetabol oepigeneti ko teri mi ol
etkisiniifde eder . Met abol oepigeneti k; canl el ar e
organi zmanén hayat. faaliyetlerinin d¢gzenl et
Etkileyen Metabolitler; Sadenosi | metionin ( Hi st obu modi f
don°r¢degr ve varl éejeée gen susturma veya akti
(Hi ston metilasyonunun geri al énmasénda r ol

g°rev al ér, bu sebeple kromatidmai moa- ®@lyaralk ,
(Hi stonl aré deasitil e ede-Ketoglutagite(DNA ek Bigion e sy o n
demetil asyonl ar énda kofakt?©or ol ar ak kul |l an
durumunda epigeneti k baskéloama m@&r tdauyrau mué kearrb
akamada ger-eklekirse hayat. ol abil ecek veye
Tam tersi ol arak da bir etkenin fazla ol mas:

atamadekl aréndan dolmayékams$émamaisybin geraekl e
aksama ve de bu sebeple dejenerasyon g°r ¢l ¢

takviyesi, mi neral takviyesi ve belirli ©°zel
yardém egil ealmiylaitr tvaeg zé d¢gzeltmeleriyle hem
me¢mkender . Bu sunumda yeni bir alan ol an i ME
ve hastal ékta °nemi g¢enceel T terate¢r 1l e der

Anahtar Kelimeler: Epigenetik, Metholizma, Histon Modifikasyonu, Kodlamayan RNA,
Metabolit, DNA
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ABSTRACT

All the cells in our body contaithe same DNA. However, the use of the information in the

DNA (expression) can change depending t he
phenomenon is called figenetics above genomeo
play a role in the chang# expression in different cells and at different times are: A methyl

group addition to the DNA and especially to the Cytosine (C), histone modifications, chromatin
modifications and noncoding RNAs. The changes in epigenetic expressions are dependent on
intracellular and extracellular factors. One of these extracellular factors are metabolism and
food intake. Metabolism is the sum of all the necessary chemical reactions organisms undergo

to survive. It divides into two as anabolism (construction) and cbsaf (breakdown). A lot

of metabolic products trigger methylation, gene silencing and histone modifications. These two
concepts come together to create the term 0l
metabolism on epigenetic expressions. Meladpigenetics is important for living beings in

many aspects such as growth, cell differentiation and regulation of vital activities. Examples of
metabolites that affect Epigenetics can be given aglehosyl methionine (A methyl group

donor for histonemodifications. Its presence affects gene silencing or activation), Flavin
Adenine Dinucleotide (Important for histone methylation to be taken back), Acetyl Coenzyme

A (Takes part in histone acetylationandfor tF
gene expression increasing), NAD (Suppresse
Ketoglutarate (Used as a cofactor for DNA and histone demethyldfipiglenetic suppression
occurs i f there isndét a s uédnvironmenhandifadhmpaomt of
nutrition environment happens in the fetal period, it can cause fatal or lifelong diseases. On the
opposite end, the excess buildup of certain
of it, the risk of cancer ince as e s, degeneration occur s. I t 0

metaboloepigenetic diseases with metabolite or mineral supplements, supplements that ill
inhibit certain factors or both treatment and early prevention are possible with lifestyle changes.

Int hi s presentation, the new field of AMETABC
its importance will be compiled from relevant literature and shared.

Key Words: Epigenetics, Metabolism, Histone Modification, NGoding RNA, Metabolite,
DNA
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1.GKRKKk

Son yéell arda ortaya -ékan vV e met abol i zma
met abol oepigeneti k terimi, hastal ekl arén anl
sunmaktadeéer . Organi zmal ar én bi yoks ¢gnyaslaér ifna
inceleyen metabolizma alané il e DNAOGNnén yapée
ilbgi | ol an epigeneti k alanénén Dbirlekmesiy
etkilekimi ve metabolik ¢deklieritkigpi et iek
Yapélan g¢ncel -al ékmalarda besl enme al ékkan
ekspresyonu etkilediji a-ék-a ortaya konmukt
g°r ¢l mektedir.eObeyone,kaPrdiofdeyaanke¢gl er hast a
met abol ik deji ki kliklerin vV e epigeneti k mo
incel enmeye bakl anméxkt ér .

Bu derl emenin amacé metabolizmanéat kel egi gen
hastal ékl arén ve sajl ék durumlarénén metabo
aral aréendaki etkilekimlerin tedavi stratejil

2. EPKGENETKK VE MEKANKZMALARI

DNA dizisioddmadafhi gemeti k ifadesinin nase¢eél

[ 13] . tevresel fakt°rl er DNA metilasyonu his
kodl amayan RNAGI aré(ncRNA) etkileyerek or ga
epigeneki il dejh¢gcreden h¢gcreye aktareélabilec
[13]

DNA Metilasyonu
DNAG6Il ardaki CpG din¢gkleotitlerine DNA metilt
grubunun ekl enmesiylad¢gemdekl elSiomat G&n higfca @e

gen i fadeleri yavru h¢gcrelere takeénabilir. G
ge-irerek veya transkripsiyon fakt°rlerinin
metilasyon ve demetilasypo kul | anél arak h¢gcre ve doku far

dengesinin bozul masé sonucunda kanser dahi

Histon Modifikasyonu

DNA" nén i-inde bulunduju kromozom yapéseéneéen
DNA"yé sékéca sararak n¢gkleozom adé verilen
baz -iftlik bir DNA zincirinin, hi ston prot
proteinlerinin asetilasyonu, metilasyon, fosforilasyon ve ubikithyonu sonucu epigenetik

dej i ki klikler meydana gelir. Bu dejikikIiKkl

kromozom paketl eme ve DNA hasarl arénén onar é
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Kromatin Modifikasyonu

Histonmodi fi kasyonl aré sonucu ortaya -ékan moc
kapanmaséné etkiler. DNA h¢cre i -erisinde pa
sékée (heterokromatin) kKeklinde bul undaba | i r .
fazl ader , dol ayeseyla da gen eksprresyonu d
ge-tijinde gen ekspresyonu azaleéer, buna gen
H3K27 metilasyonu genel |l i kl e geonuisegensllikle!| i J i n

gen ifadesi aktivasyonunu simgeler. [13]

ncRNAOGI ar

Protein kodl amayan ancak he¢cre i -inde °ner
mol eke¢l l eridir. Kodl ama yapmayan DNAOGI ar i ns
[15]. Birzamanlabunl ara A-°p DNAO denil se de, géng¢é mg

sonucu olukan bu protein kodlamayan RNAOGI ar €
h¢crelerinin gen reg¢lasyonunda g°rev aldeéej

DNA b°ilmgel g?tnl endirerek dojrudan metil asyon
Kkromozomunun i naktivasyonunda, kromatin d ¢ 2
takénmal ar énda, farkl & proteinleri bir araye
gensusturmasénda g°rev aleéerlar, kromatin yape
DNA methylation SAM SAH @
LACGT... S S ACGT..
...TGCA... ——— | TGCA...
Tets (a-KG) D
Nucleosome position ATP ADP + Pi
1 = t‘ \_\sw }tﬁ._"‘ N i.\
@ g
Histone modifications N _ N N N o=
@; JMJCHAT ; ,
:;ocf . e— oﬁof Reader

vof-’? © ' HMT/HDAC T
(FAD, acetyl-CoA, NAD*, u-KG)

Histone variants
& Pyl
@ <

ncRNAs @ @®

G°rsel 1. EpigenN3dti k Mekani zmal ar
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3. METABOL KZ MA
Ve¢cutta ger-ekl eken ki myasal reaksiyonl ar én
(yapeéekmt avbeol i zma (yeéekéem) ol mak ¢zere i kiye ay
hayaténé devam ettirmesi i-in gerekIli enerj.i
be¢y¢ me, gel i kme ve ¢reme i -1in berganizmalardak et er
met abol i k ki myasal reaksiyonl ar ayneder . Ki
mol ek¢l | eri czerinden karkél anér. Organi zmal
oksidasyonla ATP ¢retebil inteltearb.o | Mett aabdoel ivzemainl
Glikoliz
Glikoliz, gl ukozun pir¢gvata deo°n¢gkteg] ¢ ve AT
topl ameder . Bu s¢re-, h¢cre sitoplazmasénda
glukozun i ki dfolgexk glr ¢gimesv aytlae birl i kt e, 2 mo
el de edi | ir. Glikoli z, hem aerobik (oksije
ger -eklexkebilir. [12]
Krebs D°ngg¢sé
Krebs d°ngé¢sé, h¢e¢crel erdeki e n eve mitokongrr et i mi
matri ksinde ger-ekl exkir. Gl FkooA'iyza ydcPlnugyklear eekl
d°ng¢se¢ne katéel €o0oA' Béndbdkgidasyadnatill e kar bo
ve y¢ksek enerjili el ekt IFAMHR a Kk &syeanrt embleak g I
el ektron takéma zinciri ve oksidatif fosfori
‘.'/f.}(.,.;' o . HATs
L-Malate % ‘ .
Citrate ———P{Acetyl-Ce
Wi _ g
s @' l:”’-":‘“"" ':;.'-‘"‘:"" Isocnr.me
| Succinate
L. ow/ [«]| Class Ill HDACs
e (eS| /. | (Sirtuins)
Succimp-Con a0 "\ [a-¥atagiviarat] . _
\”u A_C;)P; T
Glutamine
G°rsel 2. Krebs D°ng¢seéenegn ¢rettifgi epiB3enetik
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Oksidatif Fosforilasyon

Glikoz ve y&jsiasaistyloemuiyhianel de edil en enerjirt
reaksiyondur . El ektron t akéma zinciri (ETS
mitokondr. zarénda proton gradyané ol ukturur
g¢é¢- hleaegdeér ve bu sayede ATP ¢reti mi ger - ek
ol dujundan dol ayé su ortaaya -ékar. Bu s¢re-
enerji i htiyacéné karkeélamak i-in en verimli
Beta Oksidasyonu

Betaoksi asyonu, yaj] asitleri-6GoA" matokopderek-eni
i -in kullanéelan bir s¢re-tir. Ya]j asitleri,
s¢re-te, her bir vyaj asi di i ker birikasetdi@oA'ya bi r i n
den¢gkt ¢r ¢-Co A, Aakbailsonr a Krebs d°ngg¢seéene

kull anél abilir Beta oksidasyonu, h¢crelerde
kull anéméené sajlar. [ 12]

Epigenetiji Etrkil eyen Metabolitle

Sadenosi l metionin (SAM): Hi ston modi fikasyo
gen susturma veya aktivasyonunu tetikler. [8] [10]

Asetil Koenzim A (AcetyiCo A) Hi ston asetilasyonunda g°r
a-¢€él arak gewnn ea&krstpmaesé&gmdanr ol oynar. [10] [ 11
NAD (Ni kotinamid Adenin Ding¢gkleotid): Hi st
baskelar. [ 10]

UKet ogl tKiG)r:atDN(AU ve hi ston demetil asyonl arénd
ol maseée deapiugnuamatai k baskél ama ortaya -ékar. |
FAD (Flavin Adenin Dingkleotid): Histon met.i

4. METABOLOEPKGENETKK

Epigeneti k -evresel fakt°rlere bajlé ol duju
taraféendan da etkilenmektedir. Bir-ok epi g
kull anmasé[ 10], met abol i zmanén epigeneti Kk r

Met aboli k faaliyetler bu kekil de vgajurtud&n k
etkilidir. [2]

Anne karnéendaki embriyol ardaki h¢e¢cre farkl él
bakta bg¢gten var ol an h¢e¢crelerin ayné ol maseé
embriyo anne karnéndaawwmayal daklar hsgBuefark

h¢creler arasée sinyallexkxme yoluyla yapeéeleéer,
amaceyla metabolitler:i kull anérl ar. [ 9]

Knsan metabolik aktivitesi ve sirkadyen Belkim
zaman aral ékl arénen dékénda, ge- veya uyku :

|
111
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bozduju g°r ¢l-GeAktwai NAD As@ithil epigeneti i et
birikerek SIRT1 ve benzegir kadbyen niietr thien ek &y
olur. [11]

Baj érsaktaki bakteriler taraféndan ¢retil en
dojrudan etkiler. Bu mekanizma bajérsajén ep
czerinde 1oelrsaknasrajl Badénée olumsuz etkil eyen
ol umsuz etkileyerek ©°l ¢mlerine sebep ol ur.
etkilenir, obezite veya kolon kanser.| gi bi s
Kal or i keseéetl| amaué bwelaegdaer iiza, ard ék s¢resin
veya oOfr u- dur umu, sajl eje tehdit et meyecek

artmaséna ve epigenetik reg¢lasyona sebep ol

Anne karfrmrégdghki maruz kal déjé olumsuz -evr es:s
gel i Ki mini kal écé olarak etkiledif5j.i ve bu ¢
arttérdéjeé bilinmektedir. Bu hipotez ©°zelli
g°mlenmi k ve 199006l arén bakénda David Barker
organl arénén -evresel kokull ara uyum sajl ama

il erl eyen yaklarda kalp hast al estlalrék | adriéyna bo

-ékmaséna zemin hazérl adéjénée savunur. Yani,
fakt°rler, genetik yatkéenl ékla birlexkxerek da
2. D¢nya Savake séebasgoundargadaesaekkémbkkediul
bebekl erde il eriki yakl arda ki zofreni ve kal
daha y¢ksek oranda g°r ¢l mektedir. [ 5]

Information flux

Nutrients

R
)

P Metabolites
demtnoraiieg
&  ascofactors

Epigenetic
enzymes

|
|

/35 Q
Metabolism Transcription
Gor sel 3. T¢e¢ketilen besinlerin metaboldii

no
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41IHASTALI KTA METABOLOEPKGENETKK

Kanser h¢crelerinin metabolizmasé nor mal h ¢
gli koliz yaparak enerji cretirl er. Temerl er
ortamda yeterli dg¢gmeydke nadkrsi jodrs av ebida] |lbaorh mi
bunu | aktata -evirirler. Kanser h¢crelerind
geli kmesine veya ilerlemesine sebep olabilir
kanserin tek sebebinipenet i k mutasyon ol madéj éné ve me"
czerinde bir etkisi oldujunu g°sterir. [14]

Kalp sajl éejéenda metabol oepigenetik ve besle
doymuk yaj t ¢keti mi DNA me¢eyérmslkodamar ohams

sebep olur[14]. Kan y a FCoA s larikiminee selbep iolarak ar t ma
kardiyovask¢l er hastaleéeklaré teti kkdBesinyal Kr oni
yoll aréenén aktifl ekmesilniemssueb eept kd Il aerra k KkHavl pr
glukoz metabolizmaséné hedef al an tedaviler
arttermaktadeéer. [ 19]

Insulin

H | i ;
YPETgiyceliie resistance

Artherial Endothelial
hypertensin dysfunction

( Systemic low-grade inflammation )

G°rsel 4. Epigenetijin kalp sajléejéna ol

N°ronl ar y ¢Kkrseetkt § €herj nden dol aye mi tokondr

Mitokondriyal di sfonksiyon ger - ekl ekmesi h
proteinlerinin aktivitesinin d¢g¢kmesine ve ep
proteinleri, beyinplassii t esi ve n°r al hayatta kalém il e i
ol ukan si st emaltayki nenlfdraiswerni,ylkeanbeyne ge-er e
ol abilir. Bu da g¢negmegzdeki Al zhei mer 6én en

mnn
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5. ebdaeair héebkegsih sajl éjéna et kisi

4.2 SAJLIKTA METABOLOEPKGENETKK

Epigeneti k dejikimlerin en b¢gyeéek et meni - eV
epigeneti]i dejiktirebil mektedir. Bu y¢zden
epigeneti]Ji yé¢ksek oranda etkil emektedir Ve
etkenlerin azal masé gerekmektedir. Ayneé «kek
epigenetiKk mekani zmal ar én -al @ékamamaséna d ¢
mi nerallerin metabol oepigeneti k ¢zerinde etk
Folat, B12 vitamini, kolin, metionin gibi maddeleklar bon met abol i zmaseéneée
ve histon modifikasyonlaréneée et kil ehistoer [ 9]
asetilasyonunu etkilerler. ¢tay katexkinleri v
i -inde n¢egkl eer resept®or transkripsiyon f ak
etkileyerek epigenetije katke sajlar. [1]
Minerallerden selenyum anti oksi dan enzi mlerde °neml:i b
°nemlidir. Eksi klijinde kanser ve otoi mmgn
edi |l mesinde g°revliidir. [1]

¢cinko el ement. yapeém, onar ém, kwatl auldiutri. k Ged i
d°neminde eksiklijinde tat h¢gcresi eksi kIl i]
hastal ékl ar dojurur Arakt érmal ar , -inko ek
-ékamadéjéné g°stermektedir. [1]

Demir, magnezymumn ven fall gma sawona karké tepki é
teti klediji go°re¢l megkter. [ 1]

Oksidatif fosforilasyonun daha fazla ATP ¢r e
i steyen bajéekeéekl ék h¢gcreleri égl vieolkijztkolmi &an
h¢e¢creleri i se, ejitil memiklere oranla daha

ne
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daha verimli -alékerlar. Bu kekilde bajéxkekl
reg¢l asyonl arl aibuahgteekémasévaramiegr él makt

Gerekli metabolit arttérecée takviyelerin diy
g°r ¢l mektedir. Ayréca dengeli besl enme ve eg
et ken odidyusgjbuetvehastal arénda bu t¢r yakam tar z
gor ¢l megkt ¢gr. [ 20]
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SOD30 BP I NS/ DEL POLKMORFKZMKNKN GENOTKPLENL
KLE PCR VE AGAROZ JEL ELEKTROFOREZ Y¥NTE
KARKI LAKTI RI LMASI
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¥ZET

S¢peroksit Dismutaz 1 (Superoxide Dismutase
50 bp uzunl uj ubDelesydai (Ins/Rel)spelimeriiznip gen ekspresyonunu

etkileyen ve oksidatif stres yaneéetéyla ili«k
analizinde PCR ile agaroz | el el ektroforezi
y°nt eml ernddarn. S¥QDe1 ygae ni ndeki 50 bp Ins/ Del Vv
uzunl ukl aréndaki belirgin farkl el eéeklar neder
uygun bir hedef olukturmaktadeér. Bu -al ékmad
HRManal i zi ile PCR, agaroz jel elektroforezi
ol arak dejerlendirilmesi ama-|lanméktér. ¢al é
ol mak ¢zere toplam 53 birey didnk/Delgeretiplerhesii Kkt i r
her ki y°ntemle ger-eklexktirilmicktir. HRM
ge°ré¢nt¢gl eme y°ntemleriyle elde edilen genoti
de t¢m DNA °rnekleriarn-ver diajmameal iaryln@n miontui
duyarl el ek, analiz s¢resi ve maliyet gi bi p
analizi, y¢ksek hassasiyet ve hezlée sonu- ve
bulunurken; PCR, agao z | e | el ektroforezi ve | el gor¢n
mal i yet avantajéna sahip olmakla birlikte da
(yakl akék 7 saat) olarak dejerl endi rlidluniukt i r
ancak se-im yapélérken | aboratuvar altyapeées
al énmaseé gerektiiji ve | aboratuarda HRM anal
yapél masé °neril miktir.

Anahtar Kelimeler: SOD1, PCR ve Agaroz Jel, HRM, DNA, Ins/Del
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COMPARI SON OF HRM WKTH PCR AND AGAROSE GEL

METHODS IN GENOTYPING OF SOD1 50 BP INS/DEL POLYMORPHISM

Dr . ! LGEN!, SEIVBR. Bi 0. FATI MAv €€ ERIENf .TUIN.¢ ESACK

PEHLKVAN

! Istanbul University, Institute of Health Sciences, Department of Molecular Medicine,
ulgenn_@hotmail.comORCID ID: 0006000297540446
2 |stanbul University, Faculty of Medicine, Institute of Health Sciences, Department of
Medical Biology, fatimaceren.tuncel@gmail.con©RCID ID: 00000001-67872565
3 Istanbul University, Faculty of Medicine, Department of Medical Biology,
sacide.pehlivan@tanbul.edu.tr ORCID ID: 0000000312725845

ABSTRACT

The 56bp Insertion/Deletion (Ins/Del) polymorphism located in the promoter region of the
Superoxide Dismutase 1 (SOD1) gene is a functional gene variant that affects gene expression
and is associatl with the oxidative stress response. PCR, agarose gel electrophoresis, and gel
imaging are frequently preferred methods for the analysis of this variant. Furthermore, the 50
bp Ins/Del variant in the SOD1 gene is a suitable target for High Resolutidim@/i¢iRM)
analysis due to the significant differences in the lengths of the amplification products. This
study aimed to comparatively evaluate HRM analysis with PCR, agarose gel electrophoresis,
and gel imaging methods for the detection of this variantotal of 53 individuals were
included in the study, 26 of whom were smokers and 27 weresmoRkers. SOD1 gene Ins/Del
genotyping was performed using both methods in all individuals. When genotyping results
obtained by HRM analysis with PCR, agarose detteophoresis, and gel imaging were
compared, it was determined that both methods yielded identical results for all DNA samples.
Furthermore, the methods were compared in terms of sensitivity, analysis time, and cost. HRM
analysis was found to be advargags due to its high sensitivity and rapidity (approximately 4
hours), while PCR, agarose gel electrophoresis, and gel imaging, while slightly lower in cost,
were considered more labmtensive and time&onsuming (approximately 7 hours). In
conclusion, bth methods are reliable, but factors such as laboratory infrastructure, budget, and
sample size should be considered when making the selection. It is recommended that HRM
analysis be performed only if the laboratory has the necessary conditions for HgMsana

KeyWords: SOD1, PCR and Agarose Gel, HRM, DNA, Ins/Del
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1. GKRKK

S¢peroksit di smutazl ar (SOD) , s¢peroksit ré
enzimati k antioksidanl ar ol up, okl datri fFerst
Antioksidan aktivitelerini ger-eklektirebiln
ana SOD tipi bulunmaktadér: hg¢gcre i-inde Cul
vV e he¢cre dékénda Cu/ Zn I -éua@a@dan SOD& ml(i2) antS
enzimlerden biri ol an SOD1, kromozom 21q22¢6d
Bu genin d¢gzenleyici b°l gelerinde -exitl:i [

promot®°r b°lgede ATG bakKltanddp)kddacrsnummdel §&
insersiyon/ delesyon (Ins/Del) (rs36232792) p
bir AP2 bajlanma b°l gesi gi bi farkl e transki
Dol ayéséyl a, nboO fbipz mMinsSADell gpeonl iekspresyonunu

bir role sahiptir. ¥zellikle 50 bp del esyon
d¢zeylerinin d¢egkmesii il e il i1 kkilendirilmikt:
Bu polimorfizmin analizinde PCR ve agaroz jel elektrofore@ay gén ol ar ak kul | &
bir y°ntemdir . ¥t e yandan, HRM analizi, a
farkl el ekl ara dayanarak genotip ayréména ol a
Ins/Del tipi polimorfizmler, amplifikasyorg, r ¢ n uzunl ukl ar éndaki bel i
HRM analiziyle kol ayl éeékla tespit edil ebil m
pol i morfi zmi de bu a-édan HRM analizine uyg
sigara i -en ve IiD1gesrrndekn50 bpilns/®gl poemodiznini® ©spitine

y°neli k olarak HRM ile PCR ve agaroz | el e
kull anél mék; her i ki y°nt em, duyarl el ek, an

karkeéel akt @fmall @endli andlkni &ktir.

2. GERE¢ VE Y¥NTEM

¢tal ékmaya, 266sé sigara bajemlesé ve 270si S
edi | di . Periferik kan °rneklerinden DNA izol
50 bp Ins/Delgenotiplendiriimeleri hem HRM hem de PCR ve agaroz jel elektroforezi
y°nteml eri il e ger-eklextirildi

2.1. PCR ve agaroz jel elektroforezi

Polimeraz Zincir Reaksiyonu (PCR), Thermus aquaticus bakterisinden elde edilen Taq

pol i meraz enzimirliil &° IDNAlbemreinnibedoj alt maya
amplifikasyon teknijidir. 19856te Kary Mull
-al ékmaséyl a Nobel ¥d¢l ¢ kazanméxkteéer.

PCR, keée-¢k mi ktardaki DNA °rnekl atérRéranal i z

1. Denat ¢r asyiotn f(t& X5 nkG) | i DNAG6nén iplikleri
2.Bajlanma / HiiBRi diamgmoine( &45bedef DNA b°|

P M
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3. Uzama / Amp | i f ii Ktagspplineraz (eriiti2yenADNA zincirlerini
sentezler.
Bu d°ng¢g amelkekaa DNA miktaré ¢stel ol arak a

milyonlarca kez kopyalanabilmektedir(5).

PCR analizi, BAATTCCTTACCCCTGTTCTA3 ve 5GGCAGATTTCAGTTCATTGT3

primer - i fti kull anél ar ak, 54AC! | PCRbaflahm
%2, 5"l i k agaroz jelde, 80véda en az 1 saat
altenda g°r¢nt ¢l enerek katél éemceéel ara ai't gen
ol mak ¢zere) belirlendi (6).

2.2. HRM
HRM (High Rs ol uti on Mel ting) met odu, PCR sonr a
dizilimindeki farkl el ékl arée (mutasyon, pol il
Kekil de tespit etmeye yarayan bir tekniktir
-ifhcer boyal arénén (°r. SYBR Green, LCGreen
°rnek yavak-a éseéeteéeleéer. |l sé arttek-a DNA,
birbirinden ayrél ér; bu sérada boy(8). ERMASG dan
edilen erime ejrileri, DNA dizilimindeki k ¢ -
HRM, SNP tespiti, mutasyon analizi, geneti k
belirl eme gi bi alanl ardanyayd¢anéeobansknkal ka
ile -alékél masé (kontaminasyon riskinin azal
sonu- el de edil mesi yer aler (8).
HRM anali zi, ayne pri mer -0 f ot kull anél ar ak

protokole uygun kKekil deGgre-@k(O©@kagem) dd¢i haAn
Kat el émcél ara ait genotiplelrns evdarmearet]& i &4. @&
varyanté 82.8 AC ol mak ¢zere) belirlendi (9)

HRM analizinin duyarl él ej éne dejerl endir mel
belirlenmesine y°neli k ol arak, bakl angé- DNA
seyreltimi k' °rnekl er hazérl ande. Her ©°rnek, ayne
edildi.
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¢Ci zelSgWLedD 11l .geni 50 bp ins/ del pol i morfi zmi ree

Y°nt em Reaksiyon Kar Reaksiyon Kokul |
ddH0 94AC 5 daki ka
MgCl, 94AC 2 saniye
dNTP 54AC 3} saniye
PCR F Primer 68AC 4 saniye
R Primer 68AC 5 daki ka
Taq
DNA
2X HRM premix (EvaGreen) 95AC 15 daki ka
ddHO0 95AC 4 saniye
F Primer 59AC 3 saniye
HRM R Primer 72A Csarﬁa}
DNA 70A®@6AC (her 2
artécxk)
3. BULGULAR
Tem kat él eémcél ardan el de edilen sonu-1I1ar kar
] el el ektroforezi i1l e belirlenen SOD1 geni

gor ¢l megktegr .

¢i zelSgeD 12 .geni 50 bp ins/del genotip sonu-1 ar

Genotip Birey Sayeéese

Ins/Ins 31 (14 sigara bajeéem

Ins/Del 14 (6 sigara baj éml

Del/Del 8 (6 sigara bajeéemleé

Toplam 53 (26 sigara bajeéem

G° r s &0D1deni 50 bp Ins/Del PCR ve agaroz jel elektroforezi

1: Bel irte- (50 b-), 5,7, 9: I ns/ I ns (297 b-), 3:

P=
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G° r s &0D geni 50 bpns/Del HRM analizi

del/del

HRM analizinin duyarl él éejéné dejerlendirmek amac
dil ¢syonl aré analiz edildijinde, %1 oranénda DN/
saptandeé. Bu bul gu, HRM anantirza oy orn lokrod rp,chg nd akiik ¢
genotiplendirme yapél maséna ol anak sajl adéejéené g

G°r s&0OD3. geni 50 bp ins/del HRM analizi duya

Normetzed Fhucrescence

)
% 1'lik drnek

PO
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4. Y¥NTEMLERKN KARKILAKTI RI LMASI

HRM analizi ile PCR ve agarozijell ekt rof orezi y°ntemleri, ciha
a-éséendan farkl el ekl ar gesterir. HReMPCR nal i z
cihazl aréenén maliyetl eri ol duk-a y¢ksektir.
termalcidifPanzgé daha de¢gkegk maliyetl i dir, ancak
kaynajé, elektroforez tanké, | el kal epl ar &)
ihtiya- duyul maktadeér. Yine de topl gkt gki p me
Test bakéna d¢gken reaktif maliyetleri a-é&sén
ol duju g°r ¢l mektedir. Buradan yola -ékarak

| aboratuvarlar i -in PCR ve raignmeokzt gdeilr .e |l HRKM r
reat i me PCR <cihazéna sahip | aboratuvarlar a -

hassasiyet, analiz kolayl éjé y°n¢gnden ©°nemli

¢i zelYpk | m.kék maliyet karkeél aktéreéel masé

Kalem HRM Analizi PCR ve Agaroz Jel Elektroforezi

. . . PCR ci haizZ1®28Q00WBSD0 0 0
E:/IIQI?Zeti ?Seggo('urjns% PCR ci hJ el el ektr of of 8000 &Sk

y ' Gore¢ent ¢l eme 15.009 USDMIi
Reaktif HRM Master Mix: ~35 USD/tesl PCR Master Mix: ~32 USDftest

L . . Primerler: ~0.5 USD/test
Maliyeti  Primerler: ~0.5 USD/test Agaroz + Boya: ~0.5 USD/test

¢ i z e |Agaetaj ¥e.dezavantajlar

Kriter HRM Analizi PCR ve Agaroz Jel Elektroforezi
. Y¢ ksek, k¢-¢éc¢kDaha az hassas, °z
Hassasiyet - -
varyasyonl arévaryantl arda ayrém
Zaman Hezl & sonu- Daha uzun protokol
KUIIan(fAz manuel i kKl Daha fazla manuel
Kol ayl €

5. SONUWEIERLENDKRME
Bu -al ékmada SOD1 geni 50 bp Ins/ Del (rs362

agaroz j el el ektroforez y°ntemleri kar kel akt
y°ntemle elde edilen genooliplupmeu sghst éramerk
d¢kek DNA konsantrasyonlarénda sonu- verebil
géceée gerektiren bir y°ntemdir. PCR ve agar o:

avantajl é& ol makl a ¢bivrel izkatmea nd egglea efkd alra ri. K S@ad

PN



CONFEREY,
\
o :‘.rﬂf

KCADEgyy
7

www.akademikongra.org

&

onrsn ™

LATI N AMERI CA 11th | NTERNATEONENTCBENEERENEEBRONE
Octobbr 2RRG DE JANEI RO
I SBN\R. :62%5 8B40

mevcut altyapéeésé ve -alékmanén &kapsaména (¢

S e -

enekl er olarak dejerlendirilebilir.
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ABSTRACT

The study of economic value traits of varieties and their application in farms has a very
important role in measures to increase the productivity of agricultural plants and improve the
quality of the product. Currently, there is an urgent need to compareusimtitgtive and
gualitative indicators of cotton varieties introduced from other countries cultivated in cotton
farms of Azerbaijan and find out which ones are preferred and apply them toTaisstudy

aimed to conduct a comparative analysis of yield fiber quality of various cotton varieties,

including those introduced from other countries, under the soil and climatic conditions of
Azerbaijan. The study was carried out between 2022 and 2024 at the experimental field of the
Plant Protection and Tecieal Plants Scientific Research Institute, Samukh district. Six cotton
varieties were studied. These were Gl (local), BA4 40 ( T¢r ki ye), Sel e
Akala Beret (Israel), $524 (Uzbekistan), and Tashab& (Turkmenistan). Indicators such as

yield, fiber output, boll mass, and fiber length were analyzed. The local Ga@jaariety

showed superior results in yield (up to 47 c/ha) (c = centner, 1 ¢ =100 kg), boll mass (up to 6.4

g), and fiber length (up to 35.2 mm). Among the introduced varidbiés440 and Selekt
demonstrated the highest fiber yield (upto 41%). TheGhrfjla0 v ar i et y6s hi gh a

economically value traits highlight its pot
cotton production.

Keywords: varietal adaptabity, cotton yield, agroecological conditions, comparative variety
testing, genetic potential.

1. INTRODUCTION

Cotton has been a valuable plant since ancient times, widely spread as a perennial wild plant in
tropical regions of the Earth, and people haweuts fiber. Scientific research has determined

that the economic importance of cotton was known to humans as early as210000years

BC. Under the influence of external environmental factors over a long period, and later through
artificial selectionthe nature of cotton was partially changed, resulting in numerous forms that
differ significantly from each other by economically valuable traits. Over time, as the world
population increased, the demand for cotton fiber also grew, and people begangsaletti
cultivating favorable forms. It is known that the main product of cotton is its fiber. Cotton fiber

Pz
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is a primary and irreplaceable raw material for the textile industry. Additionally, today hundreds
of different valuable products are obtained frasti@n, which are widely used, demonstrating
that cotton growing is a major sector of the national economy in agriculture. Therefore, in the
leading cottorproducing countries of the world, the development of this sector receives as
much attention as graend fuel production. For these countries, cotton growing is valued not
only for its economic potential but also as a strategic position and pSesdaliyev, 2019

Despite the increasing use of synthetic fibers in the textile industry, which is obsesreed
steady development in all sectors of the national economy, the need for natural cotton fiber does
not decrease; on the contrary, the demand for this raw material in the world market is increasing
annually. However, to reliably meet the egeowing cemand for cotton fiber, the expansion

of cotton cultivation areas is limited due to its biological characteristics (Ivanov and Tuz, 2015)

I n this regar d, -gaagraphibablocatiannaddssalienatio conditions, as

one of t h e -prnoducihgdcOustries, are sudtable for cotton growing, and it is
considered one of its natural resources.

Due to limited possibilities to sufficiently expand cotton cultivation areas, the development of
this sector in countries producing cotton, includidgerbaijan, which regard cotton as a
strategic product on the world market, is possible through progressive cultivation technologies
that ensure increased yield per unit area and through the use-piotégttial varieties resistant

to stresses caused bylvarse environmental factors. The creation of new varieties with
resistance to unfavorable external conditions and high potential, and the development of new
breeding methods based on genetic foundations that guarantee obtaining rich initial material
are equired.

After studying a wide range of plants, it became clear that most introduced varieties do not fully
express their biological potential, and breeding work is necessary to cultivate local varieties
adapted to the growing conditions in the atachetov et al., 2002 All varieties are created

for certain ecological conditions. In production, these varieties maintain their characteristics
only when grown in conditions similar to those in which they were created. Otherwise, the
biological and ecammic traits of the variety do not fully manifest. Therefore, new varieties
must have high adaptability. The breeder should know that while varieties can provide high
yields per unit area under specific conditions, they may also exhibit some negativil érads,
varieties must possess not only high yield potential but also the ability to quickly adapt to
various soil and climatic condition€ébbarov and Valiyeva, 200Badoboyeva, 2014F-or

this reason, the creation of varieties with wide ecologicatigity is of greater importance.

Only such varieties can be spread to regions with differentkmiatic conditions and ensure

high yields. The ecological plasticity of varieties, or their ability to adapt to variouslisodtic
conditions, is an intréed trait. Therefore, the breeder should consider this and strengthen this
trait in plants by selecting appropriate parental pairs for hybridization and conducting targeted
individual selection.

In the context of increasing agricultural production éficy, improving crop productivity and
product quality remains a priority. Enhancing crop varietal composition plays a key role in this
process. In cotton production, the introduction and development ofylelgting, stress
resistant varieties adapteddpecific agroecological conditions are of critical importance. This
study focuses on the comparative evaluation of economically valuable traits of different cotton
varieties, both local and introduced, under the soil and climatic conditions of Azerbaijan.
Comparative analysis of the yield and fiber quality of various cotton varieties under the soil and
climatic conditions of Azerbaijan. The aim of this study were to study the agrobiological
characteristics and productivity of cotton varieties of differeigiras, to evaluate the fiber yield

and fiber length of the studied varieties, to identify the variety with the highest adaptability and
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economic value, to develop practical recommendations for the use of the most promising
varieties in production.

2. MATERIAL AND METHODS

Experiments were conducted on the experimental fields in the Samukh district from 2022 to
2024. (Figure 1). Sowing was <carried out mar
replicates. Observations included phenological developmenmtcotton sampling, fiber yield,

and boll mass evaluation. The research work was carried out iR2Z2222in the experimental

field of Plant Protection and Technical Plants ScienB&search Institute in Samukh district.

Analyzes were performed at tli#gepartment of General Agriculture, Genetics and Plant
Breeding of Azerbaijan State Agricultural University.

4

Figure 1. Samukh distircit in Azerbaijan

Local GanjallO cotton variety, BM 40 ( T¢r ki ye) , Sel ekt ¢ Greece
6524 (Uzbekistan), Tashat@8 (Turkmenistan) cotton varieties introduced from cotton

growing countries were used as research material. According to the systematics of Mauer
(1954), the abovenentioned cotton varieties belong to the Gossypigenus, Eugossypium
subgenus, G. hirsutum L. species and have 52 chromosomes in their somatic cells.

During the vegetation period, field inspections were conductdd tiBnes at different
development stages of plants. Phenological observation was recorded as the masslaf@ening
when at least one cone opening per plant reached 50% in the reported rows.

A few days before the first collection, samples were collected for analysis. Samples were taken
from mature cones in positions2lof normally developed sympodial branches. 200 cone
samples were collected for each variety, with 25 cones collected from each repetition-in the 4
replicate planting scheme. Laboratory analyzes were carried out on the raw cotton of the taken
test samples and individual samples.

3. RESULTS AND DISCUSSIONS

Productivity, being a complex trait, depends on many genetic and external environmental
factors, as well as on a number of components (the number of cones per bush, the mass of raw
cotton obtained from one bush, the number of sympodial brandicgs(Jest and Cothren,

2000; Bednarz et al., 2005). Gaja0 cotton variety differs from the cotton varieties
introduced to the country by its early ripening, high rate of raw cotton development, as well as
high productivity.
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According to the figures ahe 2022 research year, the yield of G&li@ cotton variety was

43.0 c/ha (c = centner, 1 ¢ =100 kg). The second place in terms of productivity is taken by the
S-6524 variety (35.5 c/ha). The productivity of other geographically distant cotton vanates

low: BA-440 variety (30.5 c/ha), Selekt variety (32.2 c/ha), Akala Beret variety (28.0 c/ha) and
Tashauz8 variety (31.0 c/ha). Among the geographically distant cotton varieties;G624S
variety has the highest yield of 35.5 c/ha, while the ABaeet variety is the least productive
variety with 28.0 c/ha. Ganjal0 cotton variety exceeded geographically distant cotton
varieties by 7.815.5 c/ha (Table 1).

Fiber yield of cotton varieties is one of the main economic value traits. In the textiktrynd

cotton fiber is considered a valuable raw material. Increasing the quality of cotton fiber and
fiber yield is one of the important issues for the production of-Qigdlity fabrics. Due to the

low fiber yield in a number of promising cotton varistighey cannot find a place for
themselves in production and become extinct. Each cotton variety has a certain fiber yield.
However, this sign may increase or decrease due to the influence of these or other factors. The
creation of new cotton varieties Wwithigh fiber yield has both theoretical and practical
significance. The study of fiber yield of local and geographically distant cotton varieties in the
soil and climate conditions of Azerbaijan is of interest. Raw cotton samples were collected from
families of cotton varieties and fiber yield percentage of the varieties was determined by the
index (Reddy and Sarma, 2014; Keken and |1 ke

Table 1.Productivity indicators of different cotton varieties

Yield Fiberyield The mass of raw Fiber length
Cotton . cotton from one
(c/ha) (%) (%) box (gr) (mm)

varieties 502
2022 | 2023 | 2024 | 2022 | 2023 | 2024 | 2022 3 2024 | 2022 | 2023 | 2024
Ganjall0 | 43.0 | 415 | 47.0| 38,5 | 38.0 | 38.2 6.3 6.1 | 6.4 | 35.0| 34.8| 35.2
BA-440 305 | 320 | 365 | 40.0 | 39.0| 41.0 54 52 55 325 | 33.0| 33.3
Select 32.2 | 345 | 37.0| 395 | 40.0 | 40.0 51 5.3 5.3 33.0 | 33.5| 33.8
Akala Beret| 28.0 | 31.0| 340 | 36.0 | 358 | 36.0 55 5.7 5.8 32.0 | 32.5| 32.7
S-6524 355| 36.0| 37.0| 36.0 | 36.0| 37.0 6.1 6.0 | 6.0 | 342 | 33.8| 34.0
Tashauz8 | 31.0 | 335 | 35.0| 37.0 | 36.5| 36.0 6.0 6.0 | 6.1 | 340 | 34.2| 345

(*) c= centner, 1 ¢ = 100 kg

By 2022, the fiber yield of cotton varieties was 38M00%. Selekt and BA440 cotton varieties
had high fiber yield (39-80.0%). The fiber yield of local GanrfEL0 cotton variety was 38.5%.
On the contrary, 36.0% in introduced Akala Bere§524 and Tdsauz68 cotton varieties;

Fiber yields were low, being 36.0% and 37.0%. In 2023, the fiber yield of Ga0j@otton

variety was 38.0%, BAI40 variety 39.0%, Selekt variety 40.0%, Akala Beret variety 35.8%,
S-6524 variety 36.0%, and Tashab& variety 36.%0. Based on two years of research -840

and Selekt, which are almost geographically distant cotton varieties, have higher fibdnyield.

the 2024 research year, a similar situation was observed as a result of two years in terms of fiber
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yield in the vaieties tested. depending on the soil and climate conditions, the fiber yield of local
and geographically distant cotton varieties varied (Table 1).

The mass of raw cotton obtained from one cocoon is one of the important indicators in
increasing productiwt Although the indicator of this sign is variable, it is more stable
compared to the yield. BA40, Selekt and Akala Beret cotton varieties introduced to our
country have branching bushes belonging to the Il or transition type and are considered late
maturing varieties due to the vegetation period. Although their plants are-cooki the
opening of raw cotton coincides with November in the fields of our republic. Despite the fact
that the bushes have many cones, the mass of the cones is smaller ddmpzcal cotton
varieties (G°ren and Tan, 2024; Zeynalova et
obtained from one cone in Garlld0 cotton variety is 6.3 g, in BA40 variety, itis 5.4 g, in

Selekt variety, it is 5.1 g, and in Akala Berariety, it has a smaller mass, which is 5.5 g. The
mass of raw cotton obtained from one cocoon was 6.1 g in-8%24& variety imported from
Uzbekistan, and 6.0 g in the Tashd&@®&variety from Turkmenistan.

From the research conducted in 28224, it carbe concluded that the local Gatija0 cotton

variety was superior to the geographically distant cotton varieties in terms of the mass of raw
cotton obtained from one cocoon according to the these figures of the studied
geographically distant cottoraxieties. The reason why the GafjEO cotton variety is superior

in terms of the mass of raw cotton obtained from one cocoon, as well as other economically
valuable characteristics, is that the local cotton variety is more adapted to the countryts soil an
climate conditions.

Fiber length is one of the economically value indicators characterizing the quality of raw cotton.
The textile industry has a great need for the long fiber of cotton and its high technological
guality. The length of the cotton fibear also change due to the influence of various factors
(Blanc et al., 2008; Mohamed et al., 2021). The length of the fiber can vary depending on the
soil-climatic conditions, cultivation agrotechnics, as well as the variety's own biological
characteristicsThe length of the fiber depends not only on the characteristics of the variety,
but also on the location of the cones in the plant, etc. it varies depending on the elements (Reddy
and Sarma, 2014; Zeynalova et al., 2022).

During the study years, the fibkength was studied in the samples taken from the cultivated
plants, and the influence of geographically distant cotton varieties on thelisaite
conditions, cultivation agrotechnics, and the fiber length, which is a hereditary characteristic of
cottan, was determined.

According to the conducted study, it can be said that the fiber length index ob&#&4%nd
Tashauz8 cotton varieties introduced from the Central Asian republics was close to the local
Ganjal00 cotton variety. The fact that threentioned varieties have Il branching, compact cola
and medium early maturity can be explained by their adaptation to the soil and climate
conditions of Azerbaijan, economic valuable traits, as well as the fiber length being close to the
Ganjall0 cotton wariety. In the third year of the study, the fiber length of the other cotton
varieties exceeded the fiber length indicators of the previous experimental years. The fiber
length in cotton varieties varied between 32572 mm.

Ganjal10 cotton variety hadlanger fiber length of 35.2 mm, while Akala Beret variety had
a shorter fiber length of 32.7 mm. Among other cotton varieties, it was 33.3 mm-41BA
variety, 33.8 mm in Selekt variety, 34.0 mm i¥r624 variety, and 34.2 mm in Tash&i&
cotton variety S-6524 imported from Uzbekistan and Tash&8zamported from Turkmenistan
were closer to the GanjHLO cotton variety according to the economic value of the fiber length.
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According to a thregear study, it was determined that the local Gddja cottonvariety is
superior to other introduced cotton varieties in terms of fiber length and is more adapted to the
country's soil and climate conditions. Biometric calculation of fiber length of geographically
distant cotton varieties was carried out and thelt®are shown in Table 2.

Table 2.Fiber yield of cotton varieties (%)

Cotton varieties 2022 2023 2024
Ganjall0 16.5 NG¢ 15. 8 NG¢ 17.9 NKNO
BA-440 12.2 N¢ 12.5 N¢ 15.0 NO
Select 12.7 N¢ 13.8 N( 14.8 NO
Akala Beret 10.1N0 . 8 1 11.1 K¢ 12.2 NO
S6524 12.8 N¢ 13.0 K¢ 13.7 NO
Tashauz68 11.5 K¢ 12.2 K¢ 12.6 NO

In all cottorrgrowing regions of the world, the cotton plant is cultivated for its fiber yield.
Cotton fiber is considered the main ravaterial of the textile industry. Therefore, in addition

to the yield of raw cotton, the fiber yield of each cotton variety has also been determined
(McCarty et al., 2017; Altun and Karademir, 2024). The increase in fiber yield directly depends
on the fibe yield of the variety, that is, as the fiber yield is high, the fiber yield also increases
(Aslan et al., 2022).

The local Ganjal10 cotton variety surpassed the studied other cotton varieties in terms of fiber
yield. In the research year of 2022, thigh yield of fiber up to 38.5% led to the increase of
fiber yield by 16.5 c/ha. The fiber yield of other introduced cotton varieties is as follows: 12.2
c/ha in BA440 variety, 12.7 c/ha in Selekt variety, 12.8 c/ha in Akala Beret variety, 12.8 c/ha
in S6524 variety, and 11.5 c/ha in Tash&®&variety. Thus, high fiber yield was observed in
Ganjall0 variety, 16.5 c/ha, and low fiber yield was observed in Akala Beret variety, 10.1
c/ha.

In the second year of the study, the fiber yield of local and otittan varieties varied between

11.1-:15.8 c/ha. In the local Ganf00 cotton variety, the fiber yield was 15.8 c/ha. The yield

of imported cotton varieties was as follows: 12.5 c/ha in48A variety, 13.8 c/ha in Selekt

variety, 11.1 c/ha in Akala Bereariety, 13.0 c/ha in-$524 variety, and 12.2 c/ha in Tashauz

68 variety. In the third year of the study, compared to the previous two years, fiber yield was
higher and varied between 121Z.9 c/ha. Fiber yield is determined depending on the biological
characteristics of cotton varieties and fiber yield. Gdriif made it possible to better adapt to

soil and climate conditions and have a high fiber yield (17.9 c/ha$48A(41.0%) introduced

from T¢grkiye and Sel ekt v arhadehigh fibes yieldsnwhoch t e d  f
led to high fiber yields (15.0 and 14.8 c/ha, respectively).

It should be noted that because the Gdrdja cotton variety is better adapted to the soil and
climate conditions of the country, the agricultural value charadgtexrisf the variety were
higher than the characteristics of geographically distant cotton varieties (Table 2).

4. CONCLUSION
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The Ganjall0 variety demonstrated the highest yield compared to introduced varieties. It
recorded up to 47 c/ha, outperformingeatharieties by 7i515.5 c/ha. Fiber yield for Ganja

110 reached 38(88.2%, and the fiber length was the highest at 35.2 mm. Among the
introduced varieties, BAl40 and Selekt showed the highest fiber output. The Gdrfjavariety
demonstrated consistenenformance under the soil and climate conditions of Azerbaijan,
making it a promising candidate for local production. Although some introduced varieties
showed high fiber yields, they generally had lower productivity and adaptability compared to
the localvariety. The BA440 and Selekt varieties can be cultivated in regions with longer
vegetation periods, whereas Gafj) is recommended for broadale application across
Azerbaijan due to its stability and superior characteristics. This study providesasssights

for varietal selection and breeding programs aiming at creatingyfetsh stresdolerant cotton
varieties adapted to Azerbaijands splé0ci fic
variety outperformed the introduced cotton varietregield, fiber yield, boll mass, and fiber
length. BA440 and Selekt varieties exhibit good fiber potential but require specific agronomic
conditions. Ganj 10 is recommended for widespread cultivation in Azerbaijan. Further
research on the adaptatiohimported varieties to local conditions is needed.
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ABSTRACT

With the industrial revolution, which began in the Fi8th century, productivity in countries increased

and the welfare of societies rose significantly. However, these developments led to the intensive
consumption of fossil fuels (coal, oil, natural gas) and the rapid depletion of natural resources. While
increasing energy demand has increased interest in renewable and nuclear energy sources, excessive
industrial production has brought about numerouslogical problems, such as environmental
degradation, water and soil pollution, increased greenhouse gas emissions, and loss of biodiversity.
These negative effects have direct impacts not only on ecosystem balance but also on human health and
quality of life. In this process, not only production but also consumption activities have led to significant
waste generation. Increasing populations and consumption habits further increase the pressure on natural
resources and call into question the current productimsumption structure. The agricultural sector,

with its high dependence on natural resources, is critical for food security. It also holds a strategic
position in terms of rural development, employment, and ecosystem services. Therefore, agriculture
stends out as a fundamental area for achieving sustainable development goals. However, current
agricultural systems are built on a linear economy model defined by the extraction, use, and subsequent
loss of resources as they become waste. This model leadssdarce depletion and increased
environmental damage. The circular economy model, developed as a solution to these problems, has
gained significant importance in recent years. The circular economy is a sustainable approach that aims
to recycle waste, optiize resource and energy use, extend product life, and reduce environmental
impacts. Furthermore, reducing economic costs by increasing system efficiency is another significant
advantage. The aim of this study is to examine circular economy practicesaigritultural sector and
assess their environmental, economi c, and soci al
the concept of the circular economy is defined, the current status of circular economy practices in the
agricultural sector iwvarious countries is analyzed, and their contributions to sustainable development

are explored. The study establishes a framework through literature review and analysis of sample
applications. I n this study, s dbtedcoumtseswasusdduct ed o

Keywords: sustainable agriculture, circular economy, circular agriculture, agricultural waste,
renewable energy

1. INTRODUCTION

In addition to environmental factors such as climate change and the rapid depletionwad thé d 6 s
resources, the increasing amount of waste gener a
ecological boundaries in many respects. At this point, it has become evident that the current economic
system is inadequate in meeting sodiateds and in providing solutions to environmental problems.
Therefore, the #Acircular economyo model, which &
has gained significant importance over the past decade (Aydemir, 2d2b)ar economy appreaes

extend the lifespan of added value generated in the production process, thereby preventing waste and
ensuring the continuity of depleting resources within economic systems. In fact, this represents the
multiplication of the created value (European @assion, 2014).
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Considering the social, economic, and environmental benefits of the circular economy model for
countries, its implementation has become a necessity today. Since ti8tmidentury Industrial
Revolution, industrial activities have incredggoductivity and improved the welfare of societies (Zhao

et al., 2017). However, the expansion of industrialization and advanced technologies has also resulted
in the intensive use of fossil energy resources (coal, oil, natural gas), leading to thierdepteserves

and turning energy demand into a critical issue. While this has increased the demand for alternative
energy sources such as renewable and nuclear energy, excessive industrial production has also caused
severe ecological problems, includitige depletion of water and soil resources, the rise of greenhouse
gas emissions, and the reduction of biodiversity. Furthermore, as most of the machinery in industrialized
countries operates with fossil fuels, this not only results in the productiorods dmt also generates
significant amounts of waste. Environmental pollution, moreover, is a consequence not only of
production but also of consumption processes (Aydemir, 2025).

The agricultural sector stands out as a fundamental area in achievingadlstdévelopment goals due

to its dependence on natural resources, its environmental impacts, and its critical role in food security.
However, the majority of current agricultural production and consumption systems are still based on the
linear economy magl. In this model, resources are extracted from nature, transformed into products,
and eventually disposed of as waste, exiting the system. Such an approach accelerates the depletion of
essential resources such as soil, water, and energy, while alschexiageenvironmental degradation

and waste problems (Frosch and Gallopoulos, 1989; Murray et al., 2017).

In this context, the circular economy emerges as an alternative approach that targets environmental,
economic, and social sustainability. Its main obyes in agricultural production include reintegrating

waste into the system, optimizing the use of energy and resources, and extending product lifespans
(Esposito et al ., 2018; ¥zsoy, 2018) . This app
efficiency, reducing production costs, and minimizing environmental impacts in agricultural enterprises.

Al t hough T¢rkiye possesses rich agricultural diwv
practices are still at the stage of becoming widesg. Therefore, addressing this issue is of great
importance for utilizing the existing potential and shaping sustainable agricultural policies. Examining

the implementation of circular economy practices in agricultural enterprises will contribute yhta onl

the countrybés environment al goal s but also direc

2. PURPOSE AND METHODS

The purpose of this study is to examine circular economy practices in the agricultural sector and to
evaluate their environmental, economicand soci al i mpacts from T¢rkiy
concept of the circular economy is defined, cur i
are analyzed, and their contributions to sustainable development are discusseddyl beopinses a

framework through a literature review and the examination of exemplary applications. In this context,
study conducted both in T¢grkiye and in other cou

3. RESULTS AND DISCUSSION
3.1 Definition and Scope of the CirculatEconomy

The circular economy is an economic approach designed to achieve sustainable development in
environmental, social, and economic dimensions by minimizing losses of products, resources, waste,

and energy throughout all processé®m sourcing to ppduction, from production to distribution, and

from distribution to consumptiorand by circulating system outputs within loops as new resource inputs

in the same or different system processes, thereby preventing components from becoming waste
(Espositoet al., 2018; Murray et al., 2017; Cavallo and Cencioni, 20i@;¥ ni ak and Pact wa
¥zsoy, 2018).

The primary objective of neoclassical economics, which adopts the lineatifoolar) economy, is to

make economic development continuous. While nesdal economics considers the efficient
allocation of resources in the market, it fails to develop a mechanism that accounts for scarce natural
resources. Ignoring the finiteness of natural resources, this approach is not sustainable in terms of

2P
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materialand energy flows with respect to the economic model it proposes (the linear economy) (Frosch

and Gallopoulos, 1989). Food and raw material prices fluctuate widely across the world and have been

markedly higher than in the period up to 2002. Because th&rains economic expenditures, it creates

resourcerelated problems from customers to suppliers and makes it more difficult to secure the cheap

materials, cheap energy, and cheap credit needed to generate business volume in a linear economy.

The circulareconomy is a model that keeps resources circulating in the loop thereby enabling the longest
possible use of resources, energy savings, and reduced waste by increasing intersectoral cooperation
aimed at reducing erof-consumption or productierelated wate and ensuring resource efficiency (for
example, one firmds waste being used as another
holds strong potential for sustainable growth, existing market barriers and structural constraints make

this transition challenging. Tax policy emerges as an important instrument at this point, because tax
systems offer powerful incentive mechanisms that directly influence the investment, production, and
consumption decisions of estaoce, thensugporteotenvironmentélly anl é ,
friendly products, the promotion of waste management practices, and the internalization of
environment al damages through taxes based on t|
contours of a tax structure gified with the circular economy.

3.2 Emergence of the Circular Economy Concept

The concept of the circular economy arose from the need to integrate environmental sustainability with
economic systems. The concept was first introduced in 1990 by Britishmisteid®avid W. Pearce.

This law argued that, in the context of limited resources, economic activities should be directed toward
circularity rather than continuous growth (Su et al., 2013). The ideas of Pearce and Turner represent one
of the first systematicritiques of the unsustainability of the linear economy model. Whereas the linear

system is domi fimakdedd s ppsddeapgpgrakac h, in the cirt
consumption, and waste processes are restructured so that resources aredcwithiat the system.
Over time, this approach came t dreusde eclyar ot € r13iRJ e

has since expanded into models such as 6R and 9R (Kirchherr et al., 2017).

The development of circular economy thinking has beiueinced not only by the economics literature

but also by conceptual contributions from industrial ecology, biomimicry, rbaged solutions,

natural capitalism, and the blue economy (Murray et al., 2017; Geissdoerfer et al., 2017). In particular,
Walter St ahel 6s 1976 pr-bpbei teixaemnefompProduactonsi der
foundations of the circular economy (Stahel, 201
adapti ng n-bapsystents o eahomis sracturesthia early 2000s, with the contributions

of the Ellen MacArthur Foundation, the concept gained global recognition. The Foundation defines the
circul ar economy as fia model in which waste an
consumption systemgroducts and materials are keptinuse,andnitlaes ed sy st ems are r
(Ellen MacArthur Foundation, 2013). The circular economy is considered not only environmentally
oriented but also a model that enhances economic resilience. In this dhet&udropean Commission

(2020) defines circular economy as a strategic tool that increases both resource security and economic
competitiveness. Moreover, in the p@DVID-19 period, in the face of the fragility of global value

chains, circular economy hagsined further importance for strengthening local production and reuse
systems (Korhonen et al., 2018). All these developments have positioned the circular economy today

not merely as an environmental policy but as a new generation model of produaigumpton, and

value creation. The conceptds multidisciplinary
and developing countries have made it one of the fundamental development strategies of the 21st
century.

3.3 Relationship Between the {Ecular Economy and Sustainability

Since the 1970s, the world population has doubled and global Gross Domestic Product (GDP) has
quadrupled. This growth has necessitated the use of large quantities of natural resources to support
economic development antlet associated increase in human welfare. Preston emphasizes that the
cradleto-cradle approach is one of the central concepts of circular economy and that its objective is
highly ambitious (Preston, 2012). He notes that this approach entails creatingtpithai not only
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avoid harming the environment and society while generating profit but also positively affect both.
Circular economy focuses on maximizing what is
from resource use to supply chain,cansumption, to the components that remain unusable for one
function and are recycled into a new resource for another purpose.

Although defined in different ways across many concepts, their common ground is that they approach
the circular economy withirhe concept of a circular closémbp system (Murray et al., 2017). The
circular economy approach focuses on the sustainable management of resources where material
components are reused, shared, repaired, refurbished, remanufactured, and recyclecdatoloseste

loop system and minimize the use of natural resources. Extending product life cycles through 3R
applications for consumer products and preventing resource waste play key roles in the transition to the
circular economy. By using resources morecedfitly and ensuring that these resources circulate in the
economy for longer, it is possible to create a process that reduces overall resource use while allowing
the global economy to continue expanding. The circular economy is an economy in whichswaste i
designed out in line with the nature of products and supply chains, including improvements or changes
in extraction and production processes. By ensuring circularity, the impacts of raw material extraction,
processing, and productieras well as disposa can be reduced.

3.4 Principles of the Circular Economy

The circular economy is an economic model developed to harmonize economic systems with nature and
to restructure all processes from production to consumption in line with sustainability pririnigtiesd

of t h-makédtiaskpeo sed | ogic of the | inear economy, t
as Afkeep in circulation, reuse, and retain va
According to the Ellen MacArthur Foundatid@019), the circular economy rests on three main
principles:

h i
[

1 Preserve and enhance natural capital:Minimize the use of nomenewable resources while
ensuring the balanced and efficient circulation of renewable resources within the system;

1 Keep products, pats, and materials in use:Maintain resources within the economic loop for as
long as possible to enhance value creation;

1 Optimize system designPrevent waste generation and negative externalities to make the entire
system more resilient and efficient.

These principles demonstrate that the circular economy is not merely a recycling policy but a model that

requires systerevel redesign (Korhonen et al., 2018). The success of circularity requires a systematic

transformation beginning at the design stafj@roducts and encompassing the entire continuum of

production, distribution, consumption, and ultimately-effidife processes.

From 3R to 10R: Strategic Implementation Steps of the Circular EconomyTo increase the
applicability of the circular economihe 3R strategies (ReducReuse Recycle) were first developed

in the 1990s. However, as processes in the circular value chain diversified in the 2010s, this strategy
became more comprehensive and today has evolved into the 9R/10R framework (PalLijrikp&7).

This approach aims not only to reduce waste but also to create value at all stages of the product life
cycle. These strategic action steps are defined
2024; Aydemir, 2025):

Refuse (RO):Prevent resource use from the outset by refusing production or consumption of the

product.

Rethink (R1): Change how products are used to reduce resource consumption.

Reduce (R2):Produce and consume with less material and energy.

Reuse (R3):Use products agaidirectly without repair.

Repair (R4): Extend life by fixing broken products.

Refurbish (R5): Restore old or secortand products to a usable condition.

Remanufacture (R6):Disassemble old products and use the parts in new products.

Repurpose (R7))Useapr oduct 6s components for a different p
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Recycle (R8):Return waste to production.
Recover (R9):Derive energy from waste for economic and environmental benefits.

These principles also indicate that products should be built from the desigmvstagegh fienvi r o n me
i mpact o and fAclosable | oopsd in mind. I n this co
Airepairabilityo have become integral parts of th

Policy Background and Global ImplementationTrends: The circular economy model gained a more
institutional and binding character with the Eur
The EU regards circular economy principles not only as an environmental necessity but also as an
instrument for digitalization and green growth (European Commission, 2020). Similarly, China made
circularity a legal obligation with the Circular Economy Promotion Law enacted in 2009 and
implemented it across many sectors, including agriculture, industry, bad mansformation (Su et al.,

2013). In countries like the United States and the United Kingdom, the circular economy is spreading
within the frameworks of privateector entrepreneurship, eicmovation, and green finance.

I n the T¢r ki ywar ecanomy epptogch hashbecomei nrore visible with the European
Green Deal. Adapting these principles in sectors with intensive resource use, such as agriculture, textiles,
packaging, and construction, is of great importance in terms of both complighdeneign trade and
sustainable devel opment goals (kanl é, 2025) .

3.5 Advantages of the Circular Economy

Transitioning from the linear economy model to the newly developed circular economy model can be
considered a highly advantageous system for the emtiriel. When countries implement appropriate
circular economy practices and strategies, they achieve not only economic advantages but also gains in
social and environmental awareness. The main advantages of the circular economy can be summarized
as follows

A Attaining opportunities for economic growth;

A Reducing cost items and increasing operational
A Ilncreasing business profitability;

A Contributing to the emergence of innovative bu

A Providing cgesfprdirms ttansitioringdodcivcalar €canomy compared to those

remaining in linear models;

A Enabl i ng t hpeoducts dr partszireatditienrio the primary products of enterprises;

A Ensuring the healthy wirtamosutere loif mirreatoiumr g efsu tt wr
to them;

A Reducing environmental pollution and minimizin
implementation by countries;

A Preventing the emergence of \ameconomymoda;i seases b
A Ensuri ng t htermase of reeewable enargy resonroeg;

A Enabl i-tegnandsa@indluse ofgvater resources;

A Encouraging enterprises to ogdimerikdges; hol i sti cal l
A P r o rheuseé afiwasté by enterprises, thereby encouraging the emergence of new sectors and
increasing employment levels;

A Raising societal welfare levels.

3.6 Circular Economy Practices in the Agricultural Sector

Today, the rapid depletion of natural resourcéimate change, yield losses in agricultural production,

and food security issues clearly demonstrate that traditional (linear) economic models are unsustainable.

In this context, the circular economy model stands out as a powerful alternative esjediady

agricultural sector for increasing resource efficiency, reducing waste, and minimizing environmental

i mpact s. I n agricul tansuegli snatdadcbhi hhet Aipr oduca
on t he -dopsumavdlorizee e p r o dop.dPkari antl animal wastes generated in agricultural
production are regarded not as valueless residues but as valuable inputs that can be reintegrated into the
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reproduction process. With this understanding, organic waste is turned into compost or biogas,
wastewater is reused for irrigation, and new valdded products are obtained from agricultural by
products.

I n Terkiye i n recent year s, projects aligned
Municipalities, agricultural cooperatives, privagector facilities, and farmers are turning to various
circular practices. Energy generation from olive pomace, biogas and fertilizer production from animal
manure, developing feed from agricultural residues, and valorizing waste from thaiéiiindusty

are among the applications being implemented. As in most countries worldwide, the linear economy

model adopted in T¢grkiye creates substanti al ec
2021). Beyond the finiteness of natural resourceseth@serabilities are evident especially in countries
where consumption outweighs production. Consider

such as energy and food, adopting the circular economy model across all sectoral levels has become a
neessity today (Sareéeca, 2024).

The circular economy is closely linked to the agricultural sector in terms of the implementation of
sustainable development objectives. Since agriculture is a production activity directly dependent on
nature, it structurally arlaps with circular economy principles such as efficient use of resources, waste
reduction, and the protection of ecosystem services (Ellen MacArthur FoundationfF2@,2021).
Achieving circularity in agricultural production is critically importantr fimaintaining soil health,
supporting the water cycle, increasing biodiversity, and combating climate change.

3.6.1 Agricultural Benefits Through Circular Practices

Circular economy practices enhance both environmental and economic sustainability itueagricu
production. For example, compost produced from organic waste reduces dependence on synthetic
fertilizers while improvinglong er m soi |l fertility. The ACircul ar
the Netherlands has achieved significant successeias such as using food waste as feedaiwn

biogas production, water reuse, and reducing carbon footprints (WUR, 2019). Similarly, in Germany,
biogas use in agriculture enables renewable energy generation while disposing of farm waste. In China,
crc ar agricultural -Agraicaulcteussr eudon dpeal itchye afirEec 0s u p p ¢
management techniques aimed at reducing methane emissions from rice production (Su et al., 2013; Liu

et al., 2017).

I n T¢rkiye, t he fagricdtire have algp beert takenabspkciadyiinrpiouintea such
as |l zmir, Aydeén, a ‘suppored ¢ompost fadilities arenrbeingi establisteed; somg
agricultural cooperatives are investing in biogas. However, for these practices to bedespgead,
institutional support mechanisms and incentive systems need to be strengthened (Balbay et al., 2021;
kanl &, 2025) .

The transition to circular agriculture requires not only technical but also institutional and managerial
transformation. In thisantext, the European Green Deal (EGD) aims to reduce the use of chemical
pesticides in agriculture by 50% by 2030 and to move towardcartom t r al producti on. F
Bioeconomy Strategy recommends managing biological systems such as agricoiasey,fand
fisheries within a framework of circularity (FA¢
(2022) outlines the direction of this transformation with headings such as reducing food waste,
developing circular supply chains, and promotif@dgical inputs.

3.6.2 Circular Economy Practices in Agricultural Enterprises

Food, agriculture, and livestock are among the sectors both affected by and affecting the climate crisis.
Because these three sectors are directly interrelated, they mustilmesl/éogether. One quarter of
global greenhouse gas emissions stems from food production.

3.6.2.1 Waste Management and Composting

Within the circular economy approach, waste management plays a strategic role in the sustainability of
agricultural enterpses. Composting organic waste resulting from agricultural activities and returning it

20
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to agriculture both reduces waste volume and | o
Composting also strengthens soil microbial structure and contributeskion sequestration (Cavallo
and Cencioni, 2017).

3.6.2.2 Organic Fertilizer Production and Biogas

One of the most important circular economy practices for utilizing animal waste without harming the
environment is biogas plants. In these plants, animahume is processed through anaerobic
fermentation to produce both electrical energy and organic liquid/solid fertilizer. Biogas technologies
also contribute to economic sustainability by lowering energy costs in agricultural enterprises.

3.6.2.3 Water Reus

Optimizing water use in agriculture is of critical importance in the process of adapting to climate change.
Within the circular economy framework, the use of treated graywater from domestic or industrial
sources for agricultural irrigation enables thesmrvation of water resources and increased efficiency
(Murray et al., 2017). These practices are also widespread in EU countries and particularly encourage
water reuse in regions under water stress (Esposito et al., 2018).

3.6.2.4 Use of Renewable Energy

The use of renewable energy sources such as solar, biomass, and wind in agricultural enterprises is a
critical strategy for reducing the carbon footop
agricultural byproducts such as olive pomace, hazesinglls, and sunflower stalks are converted into

energy in biomass power plants, representing an important component of agricultural circular economy
practices (Balbay et al., 2021). Greenhouses and water pumps powered by solar panels also exemplify
circuar energy applications (kanleée, 2025).

3.6.2.5 Reducing Food Loss

Food loss and waste are serious problems both economically and environmentally. The circular economy
encourages the reduction of waste in the food system and the transformaésitwés into valuable

by-pr oduct s. Policies such as the EUb6s fisecond 1|
(Murray et al., 2017).

3.6.3 Examples of Circular Economy Applications

The circular economy is increagig adopted globally and implemented by countries through various
practices across sectors. Countries such as China, the Netherlands, Denmark, and Sspedédly

EU member stateshave developed pioneering policies and practices. The agricultutat bas also
become an important part of this transformation.

The EU has recognized the circular economy as one of the main axes of sustainable development and

i mpl emented the fANew Circular Economy Actei on Pl
agri-food system, textiles, electronics, and plastics and aims to reduce food loss by 50% (European
Commission, 2020). For example, the number of agricultural biogas plants in Germany has exceeded
9,500 (Scarlat et al., 2018).

The Circular Economy ActioPlan adopted in 2015 outlines monitoring activities under six main
headings: production, consumption, waste management, use of secondary raw materials, priority areas
(plastics, food waste, critical raw materials, construction and demolition activitédi@mass), and
innovation and investment (European Commission, 2015). Under the plan, the EU succeeded in
recycling 55% of all waste excluding major mineral waste in 2016. The recovery rate for construction

and demolition waste reached 89%, while forkaaging waste it was 67%. As of 2016, these recovery

rates met 12% of all materials used in the EU, thus saving primary raw materials (European Commission,
2019). Most of the first Action Plan (2015) was successfully implemented, and a new plan was
intodued in 2020 to sustain progress. The 2020 pl a
cleaner and more competitive Europe, o0 is explai
provides a forwardooking agenda to achieve a cleaner and more catimpeEurope by creating
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common ground together with economic actors, consumers, citizens, and civil society organizations.
While building on circular economy actions implemented since 2015, it aims to accelerate the
transformational change required by teaeropean Green Deal (EGD). The plan will modernize the
regulatory framework and make it fit for a sustainable future, maximize new opportunities arising from
the transition, and at the same time minimize burdens on people and businesses. Europe alone cann
accomplish the transformation by acting in isolation. However, there is an EU vision seeking to lead the
circular economy process globally (European Commission, 2020).

The EGD is an agreement made by the European Commission in 2019 to make Eurogte-aalitral
continent by 2050. The 2030 target is to reduce emissions by at least 55%. The aims and objectives
include: enabling the decoupling of resource use, ensuring resource efficiency, creating a competitive
structure and r aiekToadpieve these gedlspaset of policfesahasdeeh iatroduced
covering many sectors from construction to agriculture and energy. Key areas include protecting
biodiversity, eliminating pollution, renovating buildings, transitioning to a circular econoregting

clean energy, sustainable mobility, and climate action (European Commission, 2019).

The EU aims to reduce greenhouse gas emissions between 2021 and 2030 by at least 55% compared to
the 1990s and to eliminate them entirely by 2050. To do thésshlre of renewable energy must be
increased to at least 32% (European Commission, 2020). Five core EU strategies to achieve this are
energy efficiency; rethinking the current economic system through decarbonization, ensuring energy
security, an integratk competitive European energy market and innovation (European Commission,
2015).Practices in some countries are mentioned below.

The Netherlands: 100% Circularity Target in Agriculture: The Netherlands is one of the first

countries to set a full circul conomy t ar get by 2050. Under the i
country has developed blmsed systems that convert agricultural waste into energy and organic
fertilizers. The use of food residues as animal feed has been popularized, and indushiasisy

practices in agriculture have been supported (Kirchherr et al., 2017).

Denmark: Industrial Symbiosis and Agro-Energy: The city of Kalundborg in Denmark hosts one of

t h e wo r-Knawd indudtrial symbiosis practices. Agricultural enterprise®thenefit from steam,
wastewater, and biomass outputs from nearby industrial facilities and, in return, supply fertilizer and
biogas. In Danish agriculture, the circular economy reduces costs and environmental impacts through
resource sharing (Chertow, @0).

China: Ecological Circular Model in Agriculture: China has been disseminating circular agriculture

t hrough -Atghrei ciE¢ ar e Parksodo project. I n these s\
aquaculture are integrated, and wastes are continuacslyared; for example, animal manure feeds

fish farms, and water is then used in crop production. China also put the circular economy on a legal
footing in 2009, making it mandatory.

Sweden: Energy and Fertilizer from Agricultural Waste: Sweden is one ohe leading countries in

biogas production. Animal waste from the agricultural sectoprbducts from the food industry, and

municipal organic waste are processed in biogas plants, and the residues are used as fertilizers in
agriculture. This closetbop model developed by Sweden serves as an example for rural development
and energy independence (B°rjesson and Berglund,

The concept of the circular economy has long been integrated into the agricultural sectors of many
developed countries, particubanvithin the European Union. However, this approach is not limited to
devel oped countries alone. In Te¢rkiye, numer ous
principles environmentally friendly and centered on resource efficiency have been enfddm

Practices such as converting food waste into feed or fertilizer, generating energy from animal waste,
reusing treated water for irrigation, and valorizing olive and-fstiicessing waste are carried out by a

variety of institutions, cooperativesumicipalities, and agricultural enterprises across different regions

of T¢rkiye. These practices not only reduce envi
to farmers, support energy production, and contribute to local development. Theesxaeimiv present

TN
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concrete initiatives illustrating how circular economy principles are put into practice in Turkish
agricultural enterprises:

Izmir Metropolitan Municipalit A Fr om So i | Back to Soil o Project
Konya Plain Project (KOR)Agricultural Irrigation with Treated Wastewater

Aksaray Biogas PlantEnergy and Fertilizer Production from Animal Waste

Conversion of Agricultural Residues into Biomass Energy in Karaman and Manisa

Aegean Agricultural Research Institut€ircular Agriculture Application$R&D)

Field School Projects (examples from | zmir, Bu
Circular Projects of Agricultural Cooperatives

Burdur Lake Basin Biogas Project

© © N o g~ 0w bR

Bal é&kUessei rof Ol ive Pomace and APrinabo

[EEN
©

¢ o r uAnimal Feed Production Using Agtiltural Waste

=
=

. Antalya- Composting of Plant Waste from Greenhouses

[EEN
N

. GAP Region Drip Irrigation and Graywater Use Projects

[EEN
w

. T AR} Rroduction of ValueAdded Products from Waste (Cosmetics from Olive Pits)

[EEN
B

K¢ t a-Mrpimal Feed and CompoBroduction Using Fruifuice Factory Residues

15. Circular Agriculture Trainings Cooperation Between FAO and Provincial Directorates of
Agriculture

16. | z T a- Arémrml Feed Production from Food Waste (Izmir)
17. Mersin- Biogas and Fertilizer Production from CitrBsocessing Residues
4. CONCLUSION AND RECOMMENDATIONS

Since the agricultural sector is directly connected to nature, it holds critical importance in terms of
sustainability principles (Zhao et al., 2017). However, today the increasing problems in agdicult
production processes, such as intensive resource use, waste generation, and soil and water pollution,
clearly reveal the limitations of current linear economic models (Murray et al., 2017). At this point, the
circular economy model offers agricultueadterprises a new and sustainable roadmap (Aydemir, 2025).

The circular economy approach aims to minimize resource use in agricultural production, reintegrate
waste into the system, and retain economic value within the system for as long as possip&a(Euro
Commi ssi on, 2014 ; Esposito et al ., 2018) . Partic
production is high and environmental pressures are intensifying, this approach is not a choice but a
necessity (¥zsoy, 2018).

Studies conducted iT ¢ r ki ye demonstrate that practices s uc(
wastewater use, and biomass energy provide both environmental and economic benefits for agricultural
enterprises (Frosch and Gallopoulos, 1989; Aydemir, 2025). Findings indicatedhetltural

production systems can be restructured through circular approaches, thereby increasing efficiency while
significantly reducing environmental damage (European Commission, 2014).

However, the integration of circular economy principles intoagecultural sector remains limited.
Practices are mostly carried out under the initiative of local administrations or a small number of
cooperatives and are not supported by comprehensive policies (Murray et al., 2017). This situation
makes it difficult b fully realize the potential of circular systems.

_|
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For the circular economy to become widespread in agriculture, policies and legal regulations must be
strengthened, the existing AZero Wasteo policy
legislation encouraging practices such as composting, biogas, and wastewater use must be developed
(European Commission, 2014). In addition, it is important to develop training programs for farmers, to
ensure that local governments and cooperatives taketiae ele, and to increase R&D investments

(Esposito et al., 2017). Furthermore, a logistics infrastructure for the use of food waste in agriculture
should be established, and special incentives should be provided to enterprises combating food waste
(¥ zys2018).

In conclusion, restructuring agricultural enterprises with a circular economy approach is not only an
environmental imperative but also the foundation of economic sustainability (Aydemir, 2025). This
transformation should be regarded asastrateg pri ority for the future of
way, rural development will accelerate, and the resilience of food systems will be enhanced (European
Commission, 2015; Zhao et al., 2017).
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ABSTRACT

Sustainable agriculture requires minimizing the use of pesticides and chemical fertilizers
to reduce environmental impacts and increase productivity. Therefore, nanoparticles are
attracting attention aspgomising tool for improving fruit production and quality. Thanks

to their properties that enhance plant growth and development, nanoparticles offer an
alternative or complementary solution to traditional agricultural practices. Research in
fruit cultivation has observed that nanoparticles have significant effects, such as
increasing vegetative growth, supporting reproductive development, and improving
flowering. These effects have direct positive effects on fruit productivity, product quality,
and ultimatéy, shelf life. Nanoparticles also play a critical role in reducing fruit waste, as
these materials increase the durability of fruit trees, allowing them to remain fresh for
longer periods.

This review aims to provide an-ttepth review of the basic primes of nanotechnology,

the synthesis and transport of nanoparticles, and their effects on fruit trees. It also focuses
on potential solutions and prospects for future research in this area. The future of
nanoparticles in agricultural applications holdsoremous potential for sustainable
agriculture, and advances in this field could make significant contributions to improving
environmental sustainability and food security.

Keywords: Nanotechnology, yield, quality, fertilizer
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1.INTRODUCTION

Nanotechnology is a rapidly developing area of research that examines the characteristics
of matter at a scale of-100 nm (Barlow et al.,2009). This technology offers many
advantages and uses, such as the ability to release active substances in edcavatyoll

being effective at lower amounts, having low toxicity to {tamget organisms, and
reducing pollution and costs (Kralova and Jampilek, 2021; Tarrahi et al., 2021).
Nanotechnology encompasses various sectors and scientific disciplines, including
biomedical, chemical, medical, optical, pharmaceutical, cosmetics, textile, food,
agriculture, environment, energy, electronics, and transportation, and is recognized as an
enabling technology that facilitates innovative applications across these fields
(Ratmayake et al., 2014; Woldeamanuel et al., 2021).

Based on their surface characteristics, origins, and compositions, nanoparticles,
fundamental components of nanotechnology, find significant applications in agriculture.
Polymeric nanopatrticles enhance prodoutput by the delayed and regulated release of
agricultural compounds, whereas metallic nanoparticles can foster plant growth and
development (Adisa et al., 2019; Abbasifar et al., 2020) but may exhibit harmful effects
at elevated doses. Silver, coppé@gnium dioxide, zinc oxide, copper oxide, iron oxide,
selenium, silicon, and carbdrased nanoparticles are among the most commonly utilized
varieties in this context, each contributing significantly to plant production through
various processes. Thevdrse advantages of these nanoparticles, including stress
management, antibacterial properties, enhanced antioxidant activity, and modulation of
physiological processes, garner interest regarding agricultural sustainability.

The production ofnanoparticles is conducted by three primary methods: physical,
chemical, and biological, which are founded on two fundamental approachedoltop

and "bottomup” (de Oliveira et al., 2020). The tojown technique breaks down larger
materials into nanosde pieces, while the botteop approach creates nanoparticles by
building them up from atoms or molecules through chemical reactions (Jamkhande et al.,
2019).

Although physical and chemical synthesis procedures possess drawbacks, including
elevated coststhe utilization of hazardous substances, and environmental hazards,
biological methods, particularly green synthesis, emerge as aftieyodly and cost
effective alternative (Vetchinkina et al., 2018). The green synthesis approach generates
particles ina nontoxic and sustainable manner with biological resources, including plant
extracts, bacteria, and algae. Biomolecules like proteins, enzymes, phenolic compounds,
and flavonoids found in plant extracts help create nanoparticles by turning metalaons int

a simpler form (Nadaroglu et al., 2017).

2. NANOPARTICLES AND AGRICULTURE

Nanoderived compounds have substantial benefits in enhancing plant growth and
productivity in agriculture. Their diminutive dimensions, uBendliness, extended

shelf life, andnontoxicity render them a compelling alternative to conventional
procedures. Global commercialization of these goods is rapidly progressing, and the use
of nanoparticles in agriculture is known as "Phytonanotechnology” (Fincheira et al.,
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2020). Currentlyaround 229 nanoproducts are manufactured by 73 businesses across 26
countries; 43.23% are utilized for fertilization, 17.47% for plant protection, 10.48% as
growth regulators, 3.49% for soil enhancement, and 25.33% in animal husbandry
(Anonymous, 2024).

2.1. Uptake of nanoparticles by plants

Plants possess cell walls, and the primary determinant for the infiltration of nanoparticles
(NPs) into plant tissues and cells is their size. Research indicates that nanoparticles
measuring 460 nm facilitate succeful penetration and transportation within plants
(SabeAttwood et al., 2012; Taylor et al., 2014). Plant morphology, chemical
composition, nanoparticle coating material (Judy and Bertsch, 2014; Raliya et al., 2017),
plant species diversity (Larue et &Q12), environmental conditions, soil qualities, and
plant flora substantially influence the absorption and efficacy of nanoparticles in plants.
Upon penetrating the plant surface, nanoparticles traverse plant tissues by apoplastic or
symplastic transportnechanisms. In apoplastic transport, nanoparticles move from
outside the plant to the roots and then spread to other parts of the plant through the xylem
(Sattelmacher, 2001). Subsequent to this transfer, they can ascend and traverse to different
regions & the plant via the xylem (Sun et al., 2014). In foliar applications, nanoparticles
stomata. Stomata serve as appropriate entry points for nanoparticles with a diameter of
roughly 10 nm (Eichert and Goldbach, 2008).

2.2. Use of nanoparticles in fruit growng

The application of nanoparticles in fruit cultivation has surged due to thei cost
effectiveness and outstanding efficacy. In horticulture, nanoparticles facilitate the
regulated release of agrochemicals and enhance plant resilience (nanopesticalay ser
semtessential micronutrients (nanofertilizer) by optimizing physiological and
biochemical processes, augment crop growth, yield, and quality, and enable the direct or
indirect detection of pesticides, foodborne pathogens, toxic pollutants, andrhetaly

ions (nanobiosensor). These applications possess considerable potential to enhance
productivity and quality in fruit production, mitigate environmental consequences, and
ensure food safety.

2.2.1. Nanopesticides and fruit growing

Pesticides are cheoal agents employed to mitigate diseases, pests, or weeds that
compromise product plant resistance (Usman et al., 2020; Ranjan et al., 2021). The
conventional application of pesticides enhances the resistance of targeted pests and may
also adversely affédeneficial organisms. Nanopesticides are becoming significant in
the management of diseases, weeds, and pests in agriculture. Nonetheless, typical
pesticides exhibit several issues, such as insufficient water solubility, inadequate stability,
and sustaied release (Zobir et al., 2021).Research indicates that nanopesticides can
enhance plant growth and development by managing diseases, pests, and output (Balah
and Pudake, 2019). Researchers assert that nanopesticides will offer environmentally
sustainableand costeffective solutions to agricultural challenges, owing to their high
stability and controlled release characteristics, as well as their capacity to diminish the
reliance on agricultural chemicals by prolonging the exposure duration of target
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organsms to pesticides (Roy et al. 2014). Citrus trifoliata essential oil (Cl&@ed
nanocubosomes, which are safisembled cubic liquid crystal nanoparticles,
demonstrated efficacy against insects, including Spodoptera littoralis (Kadgl et al.,

2021).

Nanomateriabased kaolin particle films have acted as a physical barrier to control pests
such as Mediterranean fruit fly (Ceratitis capitata) and green stink bug (Nezara viridula)
(Salerno et al., 2020). Methyl eugenol (ME) nanogel has been develapefiefdive
control of Bactrocera dorsalis in many fruit species (Bhagat et al., 2013). These findings
suggest that nanopesticides offer more efficient and environmentally friendly solutions in
agriculture and have the potential to transform future agnoiciag uses.

2.2.2. Nanofertilizers and fruit growing

The swiftly growing global population results in a substantial rise in food demand and
significant environmental and economic issues. Specifically, it has been documented that
merely 1820% (nitrogen), B-35% (phosphorus), and 3®% (potassium) of
conventional fertilizers absorbed by plants are utilized effectively, while the remainder
contaminates groundwater, rivers, or undergoes mineralization (Guo et al., 2018). This
situation leads to money problemand pollution, especially causing issues like
eutrophication (too many nutrients in water) and serious risks to human health.

In this context, nanofertilizers emerge as a more efficient and environmentally sustainable
option, offering numerous advantageger conventional fertilizers. The features of
nanofertilizers, including enhanced absorption by plants, less environmental pollution,
and improved fertilizer usage efficiency, render them a more sustainable alternative to
conventional fertilizers. Holdsignificant potential, particularly for the more efficient
utilization of nutrients like nitrogen, phosphate, and potassium. Nanofertilizers are
possibilities for sustainable agriculture and ecologically friendly solutionS#&tiony

et al., 2022). The dimctive physicochemical characteristics of nanoparticles positively
influence plants by enhancing fruit output, improving produce quality, and prolonging
shelf life (Sharma et al., 2021). These fertilizers enhance agricultural productivity by
facilitating more efficient nutrient absorption in plants. Recent years have demonstrated
the extensive application of nanofertilizers in fruit production, highlighting their potential
advantages for productivity, quality, and environmental sustainability.

2.2.3. Nanbiosensors

Nano biosensors expedite speedy and accurate detection while facilitatitignessignal
monitoring using portable devices. Furthermore, they are employed to identify analytes
that could potentially endanger flora and fauna (Otles and Yalei). Nano biosensors

can be utilized to assess soil conditions, monitor plant growth, evaluate antibiotic
resistance, detect plant stress, analyze nutrient content, and ensure food quality (Stadler
et al., 2010; Tarafdar et al., 2012). In agriculturenalsosensors facilitate the direct or
indirect detection of pesticides, foodborne pathogenic bacteria, hazardous contaminants,
and heavy metal ions.

3. PURPOSES OF USING NP IN FRUIT GROWING

3.1. Nanopatrticles in plant growth and development
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Nanofertilizers have demonstrated efficacy in promoting growth and improving quality
in fruit cultivation (Babu et al.,, 2022) (Table 1). Conventional chemical fertilizers
necessitate substantial quantities; however, nanofertilizer can be utilized indreduce
volumes. Lowdose applications can enhance nutrient utilization efficiency by reducing
nutrient loss via leaching and volatilization (Raliya et al., 2017). This property enhances
the efficacy of nanofertilizer in augmenting agricultural yield while maiiigg
environmental consequences. In contrast to conventional chemical fertilizers that
necessitate substantial quantities, nanofertilizer can be utilized in comparatively minimal
doses. Utilizing nanofertilizer in reduced quantities might diminish thdili&od of
nutrient loss by leaching and volatilization, hence enhancing nutrient usage efficiency
(Raliya et al., 2017).

Table 1.Some nanoparticles used in plant growth and development in fruit growing

Plant type | Nanofertilizer Effect Reference
Fragaria FeO Significant increase in fruit number ai  (Kumar et al.,
vesca Zn0O yield. 2017)
Mangifera Increase in fruit number, fruit weigh .
- g . . g (Abdelaziz et al.,
indica Nano B total yield, fruit content, total sugar, ai

. . 2019)

ascorbic acid content.

Fragaria 710 Increase . .|n vegetgtlve grovw (Saini et al., 2021)
vesca characteristics and earliest flowering.
Malus Se Increase in fruit yield, sugar, an ( Mo n tHarfra
domestica ascorbic acid content. et al., 2022)
Pyrus Cu Increase in total phenol, flavonoid, a (Her n-8n
communis Fe ascorbic acid content of fiisi Fuentes et al, 2023

3.2. Role of nanoparticles in enhancing abiotic stress tolerance

Nanoparticles can augment crop yields in sustainapteculture by improving plant
resilience to abiotic stressors, thereby tackling present and future production issues
(Kandhol et al., 2022; AKhayri et al., 2023). This can be accomplished by stimulating
specific enzymes, enhancing chlorophyll concemmmaand photosynthetic efficiency,

and managing plant diseases-@aadony et al., 2022). Numerous research studies have
established the impact of nanopatrticles in fruit cultivation and their role in enhancing
tolerance to abiotic stress (Table 2).
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Table 2. Nanopatrticles used in fruit growing and their effects on increasing tolerance to

abiotic stress

Plant type

Nanofertilizer

Abiotic Stress

Effect

Reference

Fragaria
vesca

SiO,

Salinity

Chlorophyll can mitigate
the detrimental effects ¢
salinity stress on
strawberry plants by
helping maintain relative
water content.

Avestan et al.,
(2019)

Fragaria
vesca

Se/ SiQ

Drought

Improvement in
chlorophyll contents and
physiological parameters

Zahedi et al.,
2020

Musa
paradisiaca

Cs

Heat

ChitosanNP application
in banana plants reduce
the negative effects of
chilling stress.

Wang et al.,
2021

Citrus
sinensis

SiO,

Salinity

Root growth and
chlorophyll content were|
increased and osmotic
effects were alleviad in
all NaClreated plants
compared to control
stressed plants.

Mahmoud et
al., 2022

Ananas
comosus

Ag

Heavy metal

Shoot growth was
significantly improved,
chlorophyll a/b and
total/carotenoid ratios
were increased, and
proline production was
increased in response t

stress.

Tejada
Alvarado et
al., (2023)

3.3. Role of nanopatrticles in the synthesis of secondary metabolites

Elicitors are substances that induce stress in plants, resulting in the synthesis and
accumulation of secondary metabdit@ the stimulation of novel secondary metabolite
production (JuareMaldonado, 2019). Numerous researchers have shown that
nanoparticlenduced oxidative stress can enhance the formation of important secondary
metabolites in both in vivo and in vitro atitions (Table 3).
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Table 3.Effects of some nanoparticles on secondary metabolite contents in fruit growing

Plant . Effective Application
type Nanoparticle Concentration | Method Effect Reference
Corylus Increased total Jamshidi
Ag 5 and 10 ppm phenol content et al.,
avellana
2017
Increased total
. phenolic and .
Citrus < . Hussain et
. m s fl n ntent,
reticulata Cuo 30pp & avonoid conte al., 2017
as well as increase|
antioxidant capacity
Increased tota
Citrus A 30 pBM ﬁgﬁgﬁgﬁ; anc Hussain et
reticulata 9 P . ' al., 2018
increased
antioxidant capacity

3.4. Storage period and postharvest quality of fruits

Food preservation relies on the notion of prolonging shelf life by regulating
physicochemical alterations andxidationreduction reactions in perishable food
products or by inhibiting microbiological deterioration (Samsi et al., 2019). The food
industry's emphasis is on devising novel techniques to avert microbial contamination and
prolong shelf life (Elsabee ambdou, 2013). Gelatibased food packaging films have
been extensively researched for their biodegradable properties, which safeguard foods
against light, air, and moisture loss (Shankar et al., 2019). The inadequate barrier and
mechanical qualities of ¢@in-based films restrict their application as packaging
materials in the food sector. Research indicates that the mechanical, barrier, and
thermodynamic characteristics of gelatin composite flms can be enhanced through the
incorporation of nanoparticles u ¢ h
Mosayebi, 2018), ZnO (Marvizadeh et al., 2017), chitosan (Hosseini et al., 2015), and
montmorillonite (MMT) (Flaker et al., 2015; Shankar et al., 2016).
3.5. Application of nanopatrticles in vitro
Recent esearch has concentrated on the exogenous use of nanoparticles to enhance plant
growth and development; nevertheless, investigations into their specific roles in callus
formation and regeneration are still in progress (Table 4). In vitro tissue culture is
recognized as a highly effective method for enhancing the comprehension of physiology
and biochemistry in molecular plant breeding under challenging environmental
conditions (Elmaghrabi et al., 2019). The application of nanoparticles to plants influenced
callus proliferation, cell division, root structure, leaf quantity, shoot length, and total
biomass in some species under both normal and stress conditions, attributable to their
hormonelike capabilities and antioxidant activities (Gohari et al., 2020juMeembryos

or tissues derived from them are crucial for in vitro culture as they reduce time, enhance
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proliferation, overcome seed dormancy, and ensure seed viability (Patnaik et al., 2006).
The limited variability of the physiological state in maturebeyns facilitates their
application with nanopatrticles, particularly in in vitro culture (Yu et al., 2008).

Table 4. In vitro application of nanoparticles in fruit growing

. Effective Referenc
Plant type Nanopatrticle Concentration Effect R
Prevention of microbia
contamination ang
Phoenix vitrification, increaseq Awad et
dactylifera Zno 150 ppm carbohydrate, proteir| al., 2017
and amino aciq
accumulation,
Increased tolerance { Mozaferi
Fragaria vesca FE;O4 0,8 ppm drought stress et al.,
2018
Successful explan
. disinfection, reduceq Tung et
Fragaria vesca Ag 200 ppm ethylene gad al., 2021
accumulation
Increased plant growt
parameters, includin .
Olea europaea ZnO 6-18 ppm chlorophyll a and K Regni et
al., 2022
content and solubl
protein
. . Increased in vitrg Phong et
Passiflora edulis Ag 5 ppm flowering al., 2022
Significantly reduced thg
Rubus ursinus A 01 oom negative effects o k e n eet
idaeus g 4 PP drought stress, increas¢ al., 2023
plant growth parameter
Under aluminum metq
stress, highe
concentrations 0]
photosynthetic pigment
and carotenoidg
imprO\{ed . shoolf Tejada et
Ananascomosus Ag 0,025 ppm formation, improve al., 2023
chlorophyll a/b ang
total/carotenoid ratios, g
well as improved proling
biosynthess in responsg
to stress

_<
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4FUTURE PERSPECTKVE AND CONCLUSI ON
Nanoparticles have emerged as a promising instrument to enhance fruit yield and quality.
They provide numerous advantages, including enhanced nwhsotption, less stress,

and superior fruit quality and output. Nonetheless, concerns remain, including the
possible environmental and health hazards linked to the utilization of nanoparticles.
Subsequent investigations should concentrate on refining admbdp formulations,
enhancing delivery techniques, and assessing their prolonged impacts on plant growth,
fruit quality, and environmental health. By surmounting these obstacles and investigating
novel prospects, the application of nanoparticles in fuiiivation could transform the
methods of growing and harvesting fruit, offering sustainable ways to satisfy the rising
need for higkquality and nutritious food. The application of nanoparticles in fruit
cultivation poses numerous obstacles that mustdmved prior to the realization of their
complete potential. A primary difficulty is guaranteeing the security of its application and
mitigating any environmental hazards. A further obstacle is the difficulty of standardizing
the application of nanopates to fruits, owing to their heterogeneity in size, shape, and
surface chemistry. The expense associated with-Ergle nanoparticle production is a
significant constraint on their extensive application in fruit agriculture. Notwithstanding
these limiations, the future potential for employing nanoparticles in fruit production
appears bright. It possesses the capacity to augment the efficiency of fruit production by
optimizing nutrient absorption, promoting plant growth and development, and
diminishingreliance on chemical fertilizers, insecticides, and herbicides.

Nanoparticles can be tailored for specific crops and settings, facilitating individualized
yield control and enhancing overall fruit quality, antioxidant activity, and productivity.
Nanoparttles can be employed to combat plant diseases by specifically targeting
pathogens and diminishing the need for chemical fungicides. The application of
nanoparticles in fruit production has the capacity to address numerous difficulties within
the sector angresents a promising strategy for enhancing fruit quality and productivity.
Further investigation is required to comprehensively comprehend the potential risks and
advantages of their utilization and to tackle existing problems in their implementation.
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THE MASTERS OF DROUGHJA G TNA ONRAABIIRLEY

Agri c. Eng. Ali YILMAZ*T, Assoc. Prof.

T Sel -uk University, GAppuaée Scheontesf DNap
Horticulture, Konya, T¢rkiye
Cl OO0ANY SO0 MRQINDHHY @D A7 B8 35

] Sel -uk University, Faculty roef, AKQaoanycau,l tTugrek,
¢l Rt cUot NDIORCIKOD T & D0 AZ0DP 6 3

ABSTRACT

The f@andtl ayceepareesent s a unique group of plant
mor phol ogi cal and physiological characteri:c
arinddigonments. Their succulent stems act as
spines to reduce transpiration, and their r
water upt ake. These adaptive mechani sms ma
tol erance. Beyond their ecological signific
through their applications, such as ornam
medi ci nal materials, biofuel feedstock, and
|l n emdc year s, cactus cultivation has expan
i nterest in ornament al hpru ndq@uecti lerse aared wli @
utilized as alternative -poode andgifoondsd,er whe
Gymnowarh gy st ropgheyneurra are prized I n ornamert
stri king mor pGyrhnoogc acbagl e cfueersmsar e typically ¢
gl obul ar stems and symmetrical spinati on,

habitat ,dewmrkBamiti atni on, and climate change.
mi cropropagation, sustainable cultivation n
critical i mp oA sttarnocpshpyet &imens | awi yh -shapeddi st
stemswhand trichomes, hold both scientific
t heAs,t rophytum esteofas he most popul ar or ne
however, it I S endanger ed i n i ts natur al
conser vatcihon resea

The adapti vkacftaactetareon| gf expand our taxono
understanding but also offer significant pc
climate change, water scarcity, aswdchhiaogdi ve
Gy mnoc ad yAsituno pviftlumupport both suséeémamnabl e
conservation of these unique desert plants.
KeywoAdsropGgdtuanc e ae, Gy mMm owaglhyciaudmapt at i on,
pl ant s,
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1. I NTRODUCTI ON

1.1. Hi story

Cactii are natureds verdant response to bar
succulent worl d, these remarkabl e plants ai
wateeArdson, 2ZhkYY) store moisture within th
transform their | eaves 1 n(thobo bxedi, n D029 e mit 0
Centr al and South America, cact.i have al so
Africa asntd plhai ws of Australia (Figure 1.)
proving that | ife can persiAndevseson Wa2o0 &1 )dr
are typically |l eafless and possess thick, f
sSe es, with its wunique form, col or, and g
admired by botanists for generations not ol
appeal. Specialized cells withinhemetio ste
endure prolonged periods of drought. Furthe
|l oss and protects the plants from | ocal h
(Crassul acean Acid Metabolism) photoaynt het

ni ght and performing photosyntheéNebealuring
2002 )Chaect afcaeraiel y compri ses approximately 17°F¢
species, displaying a wide rangeNed,8gi)zes,

F gure 1. Areas Where Cact are Lo
1. 2. Cactus Cultivation
I n recent year s, t he econonfiacctwixdemiel Yof as pe
ornament al pl ants has increased significant

® N
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uch as Japan, the Netherlands, South Korea
f Sspecies <cultivated for colabé et inbonmemd
Coqueiro.et al., 2024)

Turkey, interest in this family has gr o
sign in recent year s; subjects such as

ecies adaptation hfaveedezBami Gakar &f Kol s
14)Suc €Caxd accwlatei vati on depends on a thoro
ol ogi cal requirements of the species (1| io©¢
aptation of productinceredsmet Hod ss etead| megt |
opagation techniques such as seed propag
e wi del (yL eRgprhioGsekda & .KuHauveev e2r0,14many spec.i
ow growth, | ow ger mi nathieonre arrdtye ss,e eadn d nsge re
eates certain | imitations in cultivation.
re species has pl aced t(hLeetRra M adEsukraa & pKoup uul
14)Therefore, susdaatiinadd earcal eissantomal pmn
mmer ci al production of t hessd e peminessser bat
rategies. Seed banks, botanical gardens,

l e in enhancingeppobdset Vvong(clgememnit @Gs kav er
Kulus, 2014)

PTVMONT OV T ®ON O —
O "0 O0O®Y - —= = 0000T D® >

2. USAGE AREAS OF THE CACTACEAE FAMILY

Th€act afcaenaiel y attracts attention not only f
versatile potenti al in food, medi ci ne, ene
context of gl obal probl ems such as cli mate
t h®daptive characteristics of this family
sust ai nahb(lNo bseoll.,u t2 0oOn2s)

2.1. Use as Ornamental and Landscape Pl ants
Species belCangefoagnaeloy taree wi dely used in | a
t o rt haeeist heti cally appealing morphology and
commonly empl oyedriich laan ds canpde sceersii gns, des
gardens. Mor eover, they are becoming 1incr e
populharsi tgyai ned momentum since the 1990s, wi
in Western Europe and Asia. Among the most |
arMa mmi | | ar jAas terloopnhgyattuamGynym o oaslt y gimam andanov
Re b ustpieac i e s . Il n particul ar, t-cheef ipaioedrutc t mwtna

(such as Gedmohawnethirooligih grafting has cont |
t he commer(cAnadle rnsaornk,e tL@0 2 aEkpivndbsasefJor, 2

2. 2.inUskeood and Agriculture

©
111
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Speci e@p wrigteitndues wCd hti ahcaemdne@d v ar e an I mportant
and forage for boOpuhuimamdh asa sib eaenni ncad nss. u me ¢
centuries as a staple fooHdei hreMekxi sbemnsde
(nopalitos) and fruits (tuna) are rich 1in
Opunstpieaci es are used as an alternative feed
The stem segments, whiamadiatvye, hprgdhv iwchd ewa tr &
for animals during drought periods. A repor
useOmunasi af orage in regions suffering from
and Lati(nMoAnderdaagcab o -&o®P®ez2z2z 2001, Stintzin
2005)

2. 3. Medi ci nal and Phar maceuti cal Us e

The phytochemiCaal ascpeeactieenst salolfow t hem to be

pur poses i n traditional aOpdu nmo dhexrdni cans di c i
particulveeral ralv e hrae this speciedoWwasi myg)p,og
hypol i pidemicowebliongd , | iamidd anti &€xihd amipsesfe

p ac h anSain Pedr o Logdtopsh)or afdvey dt e@)ns iair e use
psychoact i vediptuiropnoasle ss hhanmatnriac pr acti ces due

content. Although some of these species are
i mpor(tRrMMueiari , Gordillo, Altamirano, & Ari z
2.4. Biofuel and I ndustri al Us e
Opunstpeaci es, which have the ability to prod
are promising for biofueO®O. pHiiodesmi anns Auphbo
90% water, it can be used in biogasxiand bio
content . Studies have reported that up to
Opunbtiioama s s . I n addition, its extracts cont.
are utilized in i ndustri al applicabnons s
(Kr¢mpel, George, Gasston, -BRran woiss ,& & el e ime
2002)

2.5. Erosion Control and Ecol ogi cal Restor a
Th€act afcaenaiel vy, Pa u ha rc@yl | ai rnl dyrsoppeucni tei sa, i s used
restorati oaanadod aredrtaldedprieventi on of soil e
systems, they stabilize the soil and i mpr o\
i n arid envir €ame ascpeeace Mosr epolvaeyr ,an I mportant

bi odiyverFort i nstanc€ar m@egice ®&(sSyagguaairtoepas pr o v i
i mportant habitats for bi(WwVWdkBandetn&eEErzsurn
1991)

®0
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3. SOME COMMON CACTUS SPECI ES

Commonly cultivated and sceeat iifdecraald ey re
(Col umn FCacotclgB)a,use |l M€Clacd,Bcst) y ® p(hSyttaurm Cact us)
Ma mmi |(IHeerdigae ho ec@a afolpasl) |s Eagh aGhu, dtAra c k|l y
Pear Gy manrod al yeammon |l y known as Nearkae d eQoarl el suemn)
some of the most widespread andCamotrgcheod eo g i
family, exhibiting significant variation i
ecol ogical distribution.

3.GymnocaGgrrcusm

The ¢Gnmnsoc al yicni utnEecf ameé 8§ known for its col
and aesthetically striking succulent speci €
regions of South Ameri ca, especially in ec
pats of Brazil (Figure 2.) The species typi
rock, or | i mest one, with | ow organic matt
mi crohabitats specific to its geographic r

tloer a(nAcnedser son, 2001)

3
Argentina
Uruguay

Fi gubies®ri bution BSymascafythemGenus

(O}
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Gymnocalsypeicums ar e fundament a-aryd soit edt it
conditions. Their natur al habitats are oft
wth | ow precipitation regimes. These plant ¢
thanks to their capacity to maintain moist:
With this trait, they are among Itihfee reewsan i
under extreme env(iAnodnemesnotna | 2c000nld;i tNoobnesl , 20

Botanically comyimhecadwgst Bemi gathusi cally de
mid 19th century. The genus name derives fr
Akalyxo (calyx), referring to the conspic
(Anderson, 2001)

The genusd characseriyptiical mpr glredli mgyd by a
cylindrical stem structur e, surrounded by
visual diversity and climatic adaptation c:
scientific studiaenst anud tow@g memt a FAg ¢ thioeagy h

have adapted to different ecological zones,
and gravelly soils wi(tAnderws oconr,gahl Xl ;malDdmai
Kieslin@hiapéllag& 2011)

I n recent years, many species of this genus
habitat destruction, agricultural activitie
Gymnocal ggomensei was | i ssgededd (HCR)t bgaltlhye

2013. SG.midmeda@.z i anndirsd tesmdng t he species af
| oss. From the perspectiveGyino e pdr yalduicens v e
are geneacroanplay i 9 lef, s oemet os pceecpg eersd caomt e xtuer n e

I n t his context, ecol ogical, mor phol ogi c
Gymnocabgousmwil | not only enrich taxonomi
formul ating strategies forspeebesmasitai eaabhk
2011; Goettsch et al., 2015)

3.ARstr opGeyntusm

Thi s genus consi sts Aosft ropwnegt Wdinsftiareotpennyit ausnp e
capri,édetnephymecnudfapudophytum nmpsd oephygimam

ornat dunntl,orTayCharl es, & ITrhteesren astpi eocni ael s, d2i OsOg
color range, from green to brovstroemegndimnc
astembiods es ar-er oggneeamd h may appear speck

scal es/(tTreircrhyo,me2sO 0 7 )

Beolngi ng Caoct abhemel vy, AL & r ogpghgutsunmr phol ogi c a
di stingui shhiekle byt emssist@actures and the pres
scales that coat t(hvatBadrshbce-SokirmanygsGeopebos
Macduj ano., 2017)
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During humid or f avAosrtarbol pehnydbiouwns d wales peemnods
greener hue; however, during drought or pr
more brownish tones. The fl oweed areotgpge
bases)shapaadel and borMmM™M®natantulte i s t&e K| @pax ws k

I n natur Akt hashpyectise,s are often found at r
among shrubs, grasses, or open scrubl ands.
seqairid to subtropical grassland <climates i
sout hern Texas. (figure 3.)

Fgur ®i 8tri bution Astaepbytume Genus

Among Astesephytutmhasfi®etramscactuso) i s one o
growers and collectors worl dwide. 1t is als
habitat.tl nst heder@l )yilisted as endangered
I, meaning interwtatltilecaledt spedei ménswiis pr
ecol ogical, mor phol ogi calAstargahrged moant u cci aslt urc
only neeattaaonomic and systematic knowl edg
strategies to maint(aMantPiadisabdx evti | @l pop20HhT)

4. CONCLUSI ON

The&€actatamel y embodi es remar kabl e adapt at
characterized by succulent stems, spines,
only ensur e sulrivmivtadd uoadredi twaotnesr but al so |
and evol uitfiioonamge.siBamyond their dsiuaclho quisc al
OpuntAisda r op h yaGydmn o c adl pyocsi suens s not abl e econom

(OD3
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nament al horticulture, agriculture, and
mat e change stplterce ®&tsen emprharsoes ng -t he wurg
ented research. Sustainable cultivation

[
[
rategies wil.|l play key roles in preservir
nctions oft tfhainsi luyni que pl an
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ABSTRACT

Chemicals used for various purposes may cause undesirable effects on the immune
systems of humans and animals. This situation may result in decreased resistance to
infection and immune dysfunction, thereby promoting allergic and autoimmune
responses. Antimarobial drugs cause direct damage to the function of many organs and
tissues. Any medication may be associated with allergic reactions and irnetateel
diseases. Immunotoxic drugs may cause autoimmune or allergic diseases. Genetic
differences in the mabolism of pharmaceuticals are important because they determine
the formation and elimination of immunotoxic metabolites. The toxic immunological
effects of antibiotics (decreased neutrophil count, allergies, inflammation, etc.) affect the
use of these dgs in patients. The problems associated with-@ng use of antibacterial

drugs are bacterial resistance and possible changes in the gastrointestinal flora. Most
antibacterial drugs cause pseudomembranous colitis due to the overgr@hastoflium

difficile in the colon. Furthermore, within the scope of this study, by extensively
examining scientific sources from recent years, the toxicity and undesirable effects of

antibiotics used in treatment were discussed in detail.
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¥ZET

Ceki tl i ama-1| ar i -in kullanélan kimyasal/l &
czerine istenilmeyen etkilere neden ol abildi
bajéekéekl ék d¢gzensi ozl i il e sonu-tlekvaibk | i r
eder. Antimi krobiyal ila-1lar bir-ok organ v
ol ukturur. Her hangi bir 11 a-, alerjik reak
ol abilir. Kmmg¢ n toksi k i | a-1 arden o@lilioi mm¢ n

Farmas©°ti kIl erin met aboli zmaséndaki geneti k
ol ukmaséneé ve uzakl aktérél maseéneé belirl edi
i mm¢egnol oj i k etkil eri (netrofill asaynedhasdal a:
Kkull anél maseénéeé et kil er. Uzun s¢reli anti be
bakteriyel db ajeenr-rsake fimodasénda muht emel

anti bakt er iy €lostrididmadifficledk | oankdéar € bapfj @l md ¢ mk

ps®°domembranl é kolitise neden ol ur. Ayr éc a
bil i msel kaynaklIl ar geni K Kekil de irdel ene
toksisite ve istenil meyen etkileri ayrentel

Anahtar kelimeler: Antibiyotik, toksisite, yan etkiler
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Girick
Cexki tl ama-lar i-in kullanélan ki myasal
czerine istenilmeyen etkilere neden ol abildi

bajéekekl ék onauenainalbiijliiri | elosayéséeyl a aler
eder . Sitokin salénma sendromu denilen i mr
g°r¢é¢negm¢g akut kl'ini k duruma neden ol abilir.
ot oi mm¢gn bozluikl wmikd asoPmednur ve sékleéekla il
nedenidir (Pieters ve ark., 2019).

Kstenil meyen il a- reaksiyonu, bir 11 acér
dozl ar da ama-| anmayan yaneét é ol ar aik taneén

toksisitesi dejikkendir (Weese ve Dowling,

Kmm¢n toksi k i la-1ar; ot oi mmgn ya da al
i stenil meyen i | al-0 orleuakk ski égsormél airnemm¢énn a%6ac el éd
2002).Th2 i mm¢gn yanpetéemol okbaourmbaoei k bireyl er;
ki myasal haptenlere I gE yanétéyla tetiKkI| ene
ark., 2019).

Anti biyotiklerin Kstenilmeyen Etkiler:i

Anti biyotiklerin toksik géamianobnpal ma,et &

yangé vs.) bu il a-1larén hastalarda kull ané
kull anél maséeyla ilgili $®ajenkbak babraeaseéndl
deji ki klikler keklindedir (Bosnar ve ar k.,

Suculor t amd a antibiyotiklerin bul unmasé,;
bil eki klere maruz kal malaréna neden ol ur (
¢al ékmal ar , antibiyotiklerin sucul mi Kr oor ¢
¢czerinet ktiolkesriik oel duj unu g°stermiktir ( Br anc
2017).

Anti biyotiklerin toksisitesi,; yojunl uk,
antibiyotikler vel/lveya dijer kontaminantl ar
ve ark, 2013; Du ve ark., 2017; Magdaleno ve ark., 2015; Cheng ve ark., 2020). Su

ortaménda d¢k¢k dozlarda antibiyotikIlere wu
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bakterilerin ve antibiyotije diren-1I genl
2015)

Penisilinlerin istenilmeyen etkilerindert
reaksiyonlare (¢rtiker, at ek, anjiyon°rotil

Prescott, 2025a).

Potasyum penisilin G uygul agel akebdhepgpef
i -in di kkatl. ol mak gerekir (Hardefeldt ve

Kanamaya neden ol an protrombin yojunl uju
yeni jenerasyon sefolosporinlerin kull aneél
Prescott, 2025b).

Kl avul ani k asit, sul baktam ve tazobakt:
insan ar én %l O0Wajn@rasank Idae i |l gili mide bul ant éseé
Hardefeldt, 2025).

Polimiksinler b¢gyeéek °1-¢de b°brek dokusu

epitel h¢crelerinde hasar olukturur (Dowlin

Vankomi ssierki doyzgd karda kul |l anél masé ve eK z

ila-larla aléeénmasé halinde kiddetli d¢zeyde

Linkozamitl er ; i nsanl ar | atl ar | tavkanl
° 1 dg¢r ¢ c ¢ niolsr (Maboe verGeessker, 2025; Plenderleith, 1988).

Kedilere klindamisin kas i - uygul adékt
(Maboni ve Gressler, 2025).

Makr ol it antibiyotiklerin istenil meyen
uzama (Cramer vark., 2017) ve sindirim sistemind& difficle 6 ni n akér é& - o] al
i shal gel i Kmesi Keklindedir (Bosnar ve arKk.

Tetrasi klinler; idrareén yojunl akt er él me
kull anél mase baj ér sak mi k rioshtieynoit aséeénékabate
bozuklukl areyla ilikkilendirilmiktir (Chapu

FIl orfenikole y¢ksek d¢egzeyde maruziyet f a

geni tal, bajéekéekl ék sistemi iczerine toksik
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Se¢l fonamitl er; doza bajl e (tip A) Ve [
g°®sterebilir (Reinhart ve Prescott, 2025).
FIl orokinol onl ar én °zelli kle yavru k°pek

taylarda ekl em hasar éna yroill mi-katri.r R(eDa wlail n gh
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ABSTRACT

Diabetes mellitus has been defined as a heterogeneous group of diseases with multiple
causes, characterized by hyperglycemia caused by insufficient insulin secretion,
insufficient insulin action or both. Diabetes mellitus idisease that can be controlled

with a constant and careful effort by the veterinarian and the animal owner together. Type
1 diabetes mellitus is an adtmmune disease caused by insulin deficiency and
characterized by the loss of pancreatic beta cellsateztiby T lymphocytes and atto
antibodies. Therefore, programmed cell death occurs after the destruction of beta cells.
Success in treatment is possible with the correct interpretation of current scientific
knowledge and effective clinical evaluation. Iiststudy, the etiology, clinical findings,
diagnosis and management of diabetes mellitus in dogs were discussed. By reviewing
recent scientific sources, extensive information was given about the treatment options for
the most commonly used drugs in treafm Also, in order to facilitate the clinician
veterinarians in terms of application, by tackling extensively the reports in scientific

sources on diabetes dogs, information about different treatment options was presented.

Key words: Dog, diabetes mellity treatment
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¥ZET

Diyabetes mellitus yetersiz ins¢glin salgél a
kaynakl anan hipergl i semi il e karakteri ze, k
grubu ol arak tanémlanméxter. D inysahibiein e s me |
birli kte ye¢regtte]eée sérekli ve di kkatl i bir
Tip-l diyabetes mel | i tus; ins¢lin eksi kIl i7]i

antikorl arén araceéel ék et t i jakterize ata kimg ans bbh et a

hastal ékt ér . Dol ayéséyla beta h¢gcrelerinin
ger -elHkedmavide bakar é, géncel bil i msel bil g
klinik dejerlendirmeyl e m¢mkyg ed mellitusuBu - al é
etiyol oji, klinik bulgular, tané ve sajalt:
i ncelenerek sajaltéemda en -ok kullanélan il

geni kK kKekilde bilgiler e&nimle&ire Aymgé&adamial iy

kol ayl &k sajlamasé bakéeméndan, k°pekl erde
bildirimler genik kekilde aktarelarak farkl
Anaht ar sK°zpceikk,| edri:yabetes mellitus, sajalteé
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Girick
Diyabetes mellitus (DM) yetersiz insg¢lin

her ikisinden kaynaklanan hiperglisemi ile karakterize, birden fazla nedeni olan heterojen

bir hastal ék grubu olarak tanémlanmeéekteéer (C

Yak®e&hnemde, Avrupa Veteriner Endokrinolo
Veterinary Endocrinology (ESVE)) veteriner
terminol oj i ve tanémlaré netlektirmek i -1in

(ALIVE (Agreei ng Language in Veterinary Endocrin
(Niessen ve ark., 2022).

Bu proje kapsaménda yapeéelan tanémda DM,
i nse¢lin et ki si veya her i ki sinden kaynak.l

etiyolojiye sahip heterojen bir hastal éek ke
Etiyoloji

Diyabetin etiyolojik sénéflandérmasé za

hekimlikteki sénéflandéermasénén gel i Ki mi b e
Kekil al mékt éer . Beker. hekimlikte ins¢line
d Jjer keklinde bakl aydbdDMdighéebDMarndRkl made adah
ve 2013 yelénda Ameri kan Diyabet Birli7ji (
etiyolojik bazlé en gelikmik formuna kavuk
baxleamef |l andérma ALI VE projesi kapsaménda VY :

ve ark., 2022).

K°peklerde tip 1 diyabetin etiyolojisi
fakt°rler, beta h¢gcresi hasar & (Raed, 2028ingéey ée t
Rojas ve ark., 2018).

K°pekl erde DM ve pankreas ysaomgeéseéeilair alsiés
vardeéer , bazen baxkka bir nedene bajlée ©°nced
hazéerl éyor gi bi geré¢negrken, pankregasol ygard gaé ¢
pankreati k adacék h¢gcrelerinin kaybénéen bir
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Kepekl erde Diyabetin Patofizyol ojisi

Diyabeti k bireylerde h¢gcre i - gli koz ku
enerji a-éjeumakadeaengel brr vdubu durum vg¢cul
sonu-I|l aneéer. Gl i kozun h¢crelere giri«ki i ns
eksi kIl 17 i durumunda yeterl gl i koz al eme

mer kezinin baskeéelsaommas éonléarerkg e lyl¢ekrs eske kan

raj men hastalarda i ktah arteéeké (polifaji) n
Klinik Bulgular

Diyabetin klinik bulgularé persiste hipc¢e

fakat gl i koz sevisytess énréerféenraanyg a kléinnkietni nv eg

akeél mamékken g°r ¢l mez. Referans | i mit k°pe

l'imitlerin akél masé durumunda glikozg¢ri gor
Texkhis

Kepekl erde DMONni n g el e n eliperglisemist gex hi s i
glikoz¢grinin birlikte g°r¢l mesine dayaneéer
persiste hiperglisemi hem de glikozg¢grinin
2015; Sidhu & Randhawa, 2019).

Avrupa Veteriner Endokrinoloji Derfilei 6 ni n Or t ak Di | Projeods
Project); k°pekl erde kan glikoz seviyesi a -
mg/ dl veya 11.1 mmol /| 6nin c.st¢ndeyse ve

hi perglisemik krizin metrgd mesii YYdapa@&almaaldad a@rn

fruktozamin, gli kozil e hemogl obin gi bi al
kull anélabilir (Niessen ve ark., 2022).
K°pekl erde Diyabetes Mellitusun Sajalteén
Kopeklerde ins¢lin uygul seknesyweunuyg aiité | ér k et
edi |l mesi aseéel ibdus patteenrdehir (Tardo bewank.a2024)aBazall bolus
terapi Keklinde, uzun et kil ins¢glin ve he:

(Candido ve ark., 2018; Gilor & Fleeman, 2022).

DMoéyi sajaltmada tescill:i preparatl ar |

anal ogl aré k°peklerde bakareéelée kekilde kull
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Diyabet | i k°pekl er I -in ticar.i yeml er |
y°nesemeamel i ve sindirilebilir ol masé gereki
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OJUZ QRUPU T!RK DKLLcRKNDc cVcZLKKLCcRI
OXKkAR Vc FQRHLKLK R

H bcor H¢ seynova
Filol ogrniyadektmbr u, prof
Ao baycaomm P®wlagoj i Universitetdi
hacer huseynova@mai
https:// or0cOB2 MBF/X0000
X1 LASc

Oj uz ordi Itl¢pmnk cooubdorb goluna daxildir. Bu qrupa Aebaycan,
Terki yT or ,k mQaqauz psiviib ieém $ogdralekdbdaiddir. Bu dilbr
fonetik, morfoloji b leksik mhotdon bir-birinb- o x yax én obll um, oj ma mi
bamsénda formal akéb.
T¢r koidlbslilni n O] mmzstrugtur,uopm ubf u n k si o n atlorinox ¢ susi y
g °cd i | -pg kB nklgdg olunan istigamtlordondir.
Bu qrupa daxilolan Aw bay c am, T grvik@agauz dibrindd ovbzlik
kateqoriya8 my¢ vokildipi qq Kk Kk af e tomgliikiqanodpedmfiaonrlmaa Ifa k mé k d ér
O] u z orirtdo piozlik sistemi Iom leksik, bonds i nt akt i k baxémdan m¢h
c ozlikior kommuni kat i vbpyétiomokiog a n a k @ ixtisan W éompall n
funksiyasé da dakéyeér.
Bumpgabbdb O] uz qgr u mpinbdbxd oldn Azriblaly cam, Tagr kimy
vD Qaraqalpaq ditkindp pvozliklorin struktur, semantk wf unk si onatlori X ¢ susi

m¢, q ey ibkiddotoh | 1 | o bzliklorin leksik vogvr @ mma tsiyyktlorxi¢, saur as € nd a
maoyyon o0 X K ar | é gdli oormalar ip stdadogbaairndg a ml ar da m°vcud
kox s , pvbsuaovozliklor i ni mifdiigrabph al | anma si st emi, f onet

Ssér aseéenda bkeumP®uwlqgayyimamgqatdalbm- i n i orglorbn warixi-
mpdoni vD sosiatlinqvistik soboblori izah olunur. Nbticodp, Ojuei dalFbhsénda

pvozliklorin forglor i di | ti pol ogi yeicéerorlagx@&ume ndan mar a
A-ar sdzZl,prmbpnkbp, DvDzOjilgz upunkmiyayi erka
di | forqglori, t¢rk dillobpri
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Similar and Different Aspects of Pronouns in the Oghuz Group of Turkic
Languages

Pr., Dr. Hajar
Huseynova
ASPU, National Defense
University, BAAU

hacer huseynova@mai
https:/ / or0cOB2 2F/X0000
SUMMARY

The Oghuz languagdselong to the southwestern branch of Thekic languages.
This group includes Azerbaijani, Turkish, Turkmen, Gagauz, Crimean Turkish and a
number of other dialects. These languages very close to each other in phonetic,
morphological and lexical terms, and were formed on a common ancieoz @gse.

The Oghuz group of the Turkic language family is one of the directions that is
widely studied in linguistics due to both its structural and functional characteristics.

In the Azerbaijani, Turkish, Turkmen and Gagauz languagpésded in this group,
the pronoun category has developed accordingly and has been formed in different
directions over time. The pronoun system in the Oghuz languages an important
place both lexically and syntactically. In addition to perfilg communicative
functions, pronouns also have the function of abbreviation and abbreviation in speech.

This article analyzes the structural, semantic, and functional characteristics of
pronouns in the Oghuz group of Turkic languages, including Azenbaijairkish,
Turkmen, and Karakalpak. While there are lexical and grammatical similarities among
the pronouns in these languages, certain forms and usage patterns differ. The article
compares personal, demonstrative, and interrogative pronouns in tecaseandings,
phonetic forms, syntactic position, and emphasis. The historical and sociolinguistic
reasons for these variations are also discussed. The findings contribute to a broader
understanding of typological differences and shared roots among the @glguages.

Keywords: language, origin, pronoun, function, similaritypghuz group,
comparative analysis, language differences, Turkic languages
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T¢e¢rk Dillerinin Ojuz Grubundaki Zamirl e
Hacer H¢seynova
Fil glzeejrie dokt or, pr of

ADPU, MMU, BAAU
hacer huseynova@mai
https:// or0cOB2 MBF/X0000

¥ZET

Ojuz dilleri T¢grk dillerinin gégneybaté Kk
T¢rk-esi, T¢r kmence, Gagavuz, Kér aiter T¢gr k- es
foneti k, mor folojik ve | eksik a-édan birbir
czerinde ol ukmuxktur.

Terk dil ailesinin Ojuz grubu, hem yapés
dil bilimde yaygén ol arak incelenen y°nlerde
Bugruba dahil olan Azerbaycan, Terkiye
dill erinde zamir kategori si buna g°re gel
ol ukmuktur. Ojuz dillerindeki zamir sistemi
biryertutar. Zamir er i | et i Ki ms el i kKl evlieri yerine gef

ve késaltma ikKklevine de sahiptir.

Bu makal ede, Oj uz Grubu Teéerk dill erind:¢
T¢e¢rk-esi, Té¢rkmence ve Karakal pak-ab6éda zal
czell i kl eri karkél akt ér mal é ol ar ak i ncel e
benzerl ikl er ol duju kadar, kull anémlaré a-
kaheés, i Kar et ve soru zamirlerinin hOol e k|
vur gusu dil den di |l e deji kmektedir. Makal e
sosyolinguistik nedenl eri de el e al énmakt a
kul |l anémé farkl el ekl ar én®eraydainl otlidpug luonjui s 0 |

koymakt adér .
Anahtar s°diclkl lket®ken, 20§ mizr ,griuklue v k alr xreZ e
anal i z, di | farkl ar é, Terk dill eri

Gi ri el i kv apfunksignal gsnif v
c \ozlik & isim, sifot, say wzor f ki mioingYerimoin énbwok o nolpa r é
edbn, si nt aktlordok Kk i oma snpgieniq hisosidir.
cvozliklpor i n ¢ mosnifi-O] @ z orimdp Iovpzlikl or akaj] édake ki
grupl akdér él ér :
- kpbxs pvozlikl ori: mpbn/ben/men

-Kkpavozliklor i @ bu, o, Ku
- Sualpvozliklori: kim, nb, nb-D
- Qeyrirm pyyon ovozliklor: biri, kimsp, he- ki m
-Kn koezliklior i : he-bkim, he- n
Fonetik vb morfoloji f brql or
| c vorzlik Azorbaycand. [T¢r k d [T¢rodh | Qagauzd.
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Mbn Mbn ben men ben

Son sen sen sen sen

@) o] o] ol 0

Biz biz biz biz biz

Bu ngmurpolor ovozliklorin ortaq k® kdbn goldiyini g° storsb db, fonetik uyj unlakma
regionalsbciyyp da y&.
- Azorb.: Mbni g°rd¢,

- T¢rkiyo: Benigerdy,

- Térkmon:

Meni g°rde,

G°r¢ndey¢ kimi, forg, bsasn, saitdoyikmplorindp vb fonetik adaptasiyadas
Qrammatikhallanma
c vozliklor Oj uz dill orindp hallarg vb bu zamarx¢susimorfoloji forglor m¢, &hidd edilir.
- Azbrbaycant¢rkeosi:

Mbn'Y moni (tosirlik), monp (y° nl¢k), mondb (yerlik)

-T ¢ rk
Ben
-T ¢ roa
Me n
Bu

i¢ybsk ¢

Y béne, bende
mt sir k c

Y meni ,

gaynaql anér .
Sintaktik funksiyalarypbo x k ar | eqgl ar

c vbzlikl pr

cogoralk a j

ma Ra ,

édake

m

si nt-aékctéikk efdunmrksi yal ar da

ende

hal | an ma okfi obrindok forglorée m@ mtket i k

- M ¢, Inda: Mon goldim / Ben geldim. / Men geldim.
-Tamamloreiq:- & érdém /
kitabée /

-Toy i n:
c vozliklor hor dildbom¢, bdta |,
- Azorb.: Mpn on i

-T¢rkBegs eni

-T ¢ roa
-Qaqga

Onun

m Men s
uz: Ben

' s | pbiitaktik forglpr:

T ¢ r k pakoixsi pvozild or

-Gi di

yorum (

eni
seni

- 0X
Ben

vV a x r:

Seni
Onun

t a mafnil iekq , k izlior: - €
-aj érdem.
-aj erdem.

Azorbaycan dilindisbpbub u r a x € | mhaluddua h a
2 smbmagddmbma JVs t pknkli¢g k etdi r .

-Gedibmiay d én

0ol o8 mj

1.Sualpvpzliklpr i n ipmmpsi K |

- Kim goldi? / Kim geldi? / Kim geldi? / Kim geldi? formaca eyni, bzbon intonasiya

forglidir.

2 . Kpkvaziliklprindp fprg
-TeorkicgyoshabA Kk ovoz | i1y i

kitab

buraxel a
sthzanyaxmeéuwveramma ) m

m

e

bi

pgiem:d K* Kkl - ocuk

NNP

K

sotglorindent u r u n

-aj erdem.
e.
X

ed

ki mdir?*

I NTERNATEONENTCEPNEERENEEBRONES



CONFEREY,
S
& :‘.r'f

LATIN AMERI CA 11th |I NTERNATBEONEBENTCBNEEREREEBRONES
Octolier 2RR26G DE JANEI RO
I SB\NR. 6 2% 840

www.akademikongre.org

- Azorbaycan dilindg ar Kk él @ya@a *btu*olbur: *O ukaq ki mdir
Bu, bniikna ry a psa&bsirb g °%gforgh ifadosidir.

Qrammatik hallardapvpzlik

-Azorb..Moni m kit abém

-Te¢rki enim kitabém

-T¢roam Meni £ ki tabém

T ¢ r o dilindp hallanma sistemi fonetikobotdon forglonir: -i Ak ik | of e Ff mal ak ér .

Qrammatik hallanma

cvozliklor Oj wmdpd Bl | @bnué rz avma n x ¢ QI i mp @editro Ido j 1 f
-Azor baycaosi: t ¢r kec

Mbn Y bnirgtosirlik), mono( 'y © n | opdo (yerlik) m

-T¢erktigyosk c

Ben Y beni, bana, bende
-T¢éoromt osir k c
Men Y meni, maZa, mende

Bu hal | anma okfi corindod forgior é mé@é mtrket i kK strukturun
forglorindbn  gaynaql anér .
Sintakti k funksiyalaréé:

c ozliklior  cogommlg ®Iti f sintakti k funksiyal arda - éXEé
-M ¢, Inda Mbn goldim. / Ben geldim. / Men geldim.

-Tamamloeiq:- & érdém. / Seni -ajérdeéem.

-Toyi n: Onun kitabeée. [/ Onun Kkitabeée.

Bustrukturwof unksi yal ar ordecasr| oodforolafbim.a, i st i f ad

! s | ubkemantik prqlpr

T ¢ r Ikt i ¢ypskab koxs pvozliklor i -oX vax»t buraxeéla bil
-Geliyorumd " Ben" b ur abpnsubiygobkontekstak i any dnéen ol ur .
Azorbaycan dindbbu hallar nadirdred aha - e mgeysl uba ai ddir.
Sual\pi Kpdompzliklpri

Sualpvozlikl ori:

-Kim, np,nozaman, nemY b ¢t ¢ n p@pbbuovodikir | ox Kk ar fooimk mal ar de
forglor sintaktik yeray i & onab vb intonasiyada olur.

K kpavozlikl ori:

-T ¢ r Ik i¢yoska: bu, KU, o]

- Azbrbaycan dilina: bu, o

" K ovizliyi Azorbaycan dilindy o x dur , q aoyx'@ llo&gdooluriub u " v

Qeyri-m doyypn vpinkar pvpzliklpr i n ipmmpsi K |

-He - ki on, bk ir nodimi formalar kor dildp var.

T ¢ roadilindbh i - Ki mse, hi - bnr.at Ki mi formal ar 1 k|
c wozliklor i n di axron i nkikaféé

c vozliklorin bpz i f orcheamaoogug Mt ¢r k f or mal asoohna gedi

"ol " for madl®md ggr umub s agor | dalonde 1" @b pklindm |

sadblok mi kdi r .
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Praktik t otbiglor vbm ¢, q aoi tiodil

Mpsplon; AZrbaycan diliMbnoni - ox yax kK ébontianéuwxériasmm. O da
TericwskBEen seni -ok iyl tanéyor um. O da sen
Te¢rphmtfsirMkecn seni gowy tanalaryn. Ol hem seni

Bu cogrdnlovozlikiorin hom fonetik, tbom sintaktik, ibm do ¢ s | wriglori  f
gere¢éengegr .

cvozliklior i n di axr onetiinmdlkajfiée :baxa&dk Xi

f ormal ar da
dasohankar énd:;

c vozliklorin pksoriyyoti gpd i m  t grindo doéynilvdy a o x K ar
ol muk d u r-Yeniseé9 rakidorindo vb "Dodb Qor qud "

pvozliklor bug¢nk gindd] o zf @i tmdrs éqpaer Wy LBlm sax| améekdeéer
Tar i xi opincpdydi:y i s
pvDzlik Orxon Kitabi-dodp | Azorbaycan | T ¢ r k T ¢ roaoh
Yenisey Qorgud d.
Mbn men Mbn Mbn ben men
Sbn sen Son Son sen sen
0 ol o] o] o] ol
biz biz biz biz biz biz
Siz Siz Siz Siz Siz Siz
Burada "ol " f or onalibnédbg®m umgmasier aikxrak k X ¢ susi

dakéyeéeceédgadaokiki mi di qgq
c vozlikl orin tarixi m bn gyi vbD doy i elom.  mzlklor bn sabit leksiksemantik

kateqoriyalardan biridir. Onl ar -om vaxt a
formalari®z amanl a gésal akmék,n asnian tietiikk kfoonrsma yuak s
-Qpd i m t ¢ bk ndeinl,pbxesok)n (I K
-OrxonYeni sey yazéel aréenda:
-M¢ as i r porjdoba forohalarpsasn |,
- Azprbaycan dilind: mpn, ©n, o

-T ¢ r oa dilindo: men, sen, ol

-T ¢ r Kt i¢gyoskab: ben, sen, o

me n , sen, o |

gorunmukdur :

Qodi m t ¢ mK o bbkslpveziiyd hom "o0", hom db "o adam”" nmoh as € n d a
I enlmi kdir . B wkliyin &oxKretl kpntekstd m pyyonlok d i msinbl soipbb
ol mukdur .odM¢i@a"s i ya ldrkeksin ovgzliygkimesgbitiok mi Kk d i r .

Semantik-funksional cohotlor. cvozliklor i N semanti kasé kontekst
mpbn a s é or éeksidt vagidbrdon for q | i ol ar adpq § 2 & m®dE: MDY M|
onu t a+Béuyr éardaans Kookcet olaragdntekstdn as el edér .

c wzliklor cogoplal néz obyektiv si omdaniota Ky ko ksiy
konkretlik dorocos i1, e mo s i osrea |i bsdon;rbgdiuotn: |
- i Mn ondon bakqasdihrean ma d elah)e 6 Mr & doa O DRSRuyDtin
vurjusunu ar byerr édra kK éeyneéors.i onal d
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T¢e¢rk odi IRIBedh s adec el fisbaennad i vnuarnj doéi neoimpgp,o nt e k s t
bur axpel a bil
M ¢, xlif janrlardapvozliklior i N f unk si odifolur. r ol u da m¢ xt

Janr coz|l iyin funksi

El mi sl ub Minimal, obyektiv, 3c ¢bx B ¢ S Dkeknil |¢ ke dt

Bod i i ¢slub koxs pvozliklor i -okKr j KVvurjul u,

Publisistika Biz, siz, o pvozliklor i I cti maibst apard
olur.

D a n aiinglm Mpbn, 9N, o ovozliklor i © 4 rkd gt nisni ydya K
-evrilir

cwzliklior haggénda Dof) Bar kndépedrikloysad@ur: ul uk da
olsa da, dilin rntiqi sistemindm¢pkkbb f unksi onal struktura mal
2001, s122).

M. A] a k aAzerhaycan®T ¢ r kti¢gypskicn i n  oewggeyd i s
edir:" coeliklordp fonetik forglor olsa da, sintaktik funksiyahallanma sistembpmol
ol araq ortaqgqder" (Ajakayev, 2004, s. 95).

Onun fi krio im@muamd cabmyin dvoaliyidir vb semantik olaraq
my¢, | koti byldyrir.

Bu baxeévmiklmni,n funksiyasé yuorldemantk®r f ol oj i
pragmatik sviyypdbd m »yyon olunur.

Sintaktik tipologiya w transformasiyalar osblpsinb golinep, pvozliklorin digor nitg
hisolori ilpDlagpsinobs a s | anar agq akaj édakagurabimiiansf or masi
1. Eksm Dapklik: - Mbn  phlignom. - Bu nonimdir.
Buradabvozlik isminyerimk e - i 1, mpyadmkdatfiwn ks ipyetrs éné yer
2.Sibtb- e v ool Omu gifdt f u n k s ionpratyie ovodligidird K |
3. cdatl ar | a-Hlkoe mikii meare idkimidikk miordo ovbzlik mpbna
b a x &€ mé n drapyybontikeondiriri

! s | wiwtdon owozliklor — no, X f f u mknalik nitogphesds i yd g deliklor ¢ v
¢, S | u bokimivemasionalifadoli motnlordp teztez istifabdo | unur DboXiys us i |
publ i si s ovbzkklor¢oxdlliyi Wodsau b y e k t iondiriri Mpbsdlbng Mpe bu

kohori tork ecbrkon iDbi md b o k-bueada "mora"maik@®vpz | i k  bxsim i nci K
duyj usal hal ém@l): vurjulayeéer. (M. C

Publ i si s tBizkbirlikgs ¢ ¥ ©ld gy kosind kol | ekt i o -aj éer
emosi onal yé¢k dakéyeéer.

Nc TKCc

O] uz qgr u pindoovpziiklsistami¢slmMu mt ¢r k di | birliyinin

ortaq struktura malikdir. Lakindn bir dilin fonetik, morfoloji w ¢, s | u dlikl ori Huz
sistemin brqli cizgilor a | mebsbé rmd ma K d oninipd gBiug is ayha loih € z m¢ g a
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dil -il ik @n+rdiorcdgeryed d qojhi  odgdl-whliit Kt w - ¢n  vac
phomiyyot kosb edir.

Ojuzpombpovidz | 1 k si st emi ¢ mu mt porindon birds.i ni n  qo
Fonetik, morfoloji w sintaktik orglor r egi on al i nozlikleria $emamtikb aj | & d €

konteksbb aj | ced 1ég réé n pd e w epkbskikDinin edir. Bu sabnin tdqiqi
funksi onal sohlihupanlk g ie0ly i sdsl ubli i kK bhexyyggmeée ndan
kosb edir.
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D¥ NEMDE Y! KSELEN BKR DEJER OLARAK PAR

Do-. Dr .FISEWRA OJULLARI
Her hangi Bir Kuruma Baj
OR C K D -0003 10526092

sevrafirinci@gmail.com

¥zet

Bu -alékmada ¢nl ¢ sosyolog ve filozof Geo
gittik-e artan paraya ilikkin analizlerine
d°nem anali zl eri il e i1 kel toplumlardan gg¢
kentyx améné dizayn eden rasyonel i kkil eri
i ncel emi kKtir. Paranén sadece dejikim dejer
zaman ve mekandan baj emseéz Kekil de b¢gye¢eye

irdel emskstemi Pmodern ekonomi k d°®ng¢de en b

i nsan psi kol ojisindeki kar kel éj é Si mmel 6i
Si mmel 6in sosyol ojisi makro ancak ©°zelli kIl €
al anl areéntk,admeond,a,k para ekonomisi gibi bir -
i -inde en °neml.i analizler modern d°nemin
czerine olanladér. Simmel éin y¢kselen bir g
i nsamggu dd¢gnyasénda ve psikolojindeki defj i
-al ekmada késaca para ve paranén semboli k d
ol an g°re¢klerine yer veril miktir.

Anahtar S°Begkler Si mmel , Parm, SVmlelrink ER®jne
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GEORGE SI MMEL'S APHI LOSOPHY OF MONEYO and
RISING VALUE IN THE MODERN AGE

Abstract

In this study, the famous sociologist and philosopher George Simmel's analyses and views
on money, which has become increasingly importattiermodern period, are included.

With his analyses of the modern period, Simmel examined urban life, which has become
complex from primitive societies to the present day, the rational relations that design
urban life, and especially the purchasing powanohey. He was not only interested in

the symbolic power of money through its exchange value, but also analyzed the fact that
it became a growing power independent of time and space. While the monetary system
has become the greatest power in the modemaeei@ cycle, its counterpart in human
psychology is another important issue that Simmel is interested in. Simmel's sociology
includes macro but especially micro scale analysis. His research areas cover many themes
such as women, the city, fashion, moneyrexny. However, the most important analyses

in his work are those on money as they reflect the value understanding of the modern
period. Simmel's analysis on money as a rising power also reveals the changes in the
emotional world and psychology of moderam In this study, his views on money, its

symbolic value and its increasing power in the modern period are briefly discussed.

Keywords: George Simmel, Money, Modern Economy, Symbolic Value of Money

George Simmel Alman sosyolojisinin kurucusa,l ekt i r men, teor.i
filozoftur. Onun tutumu °zellikle birey t o]
bajlarla -atékmayeé a-éklamaya -al ékmakter.
bulunsa da Si mmel ©°zel |l i kplies tneomdeesrin vde® nyeank a°m
il e modern - aj araséendaki benzerli k ve far
modern -aj, ge¢ndel i k hayat di n, par a, par
kel ter gibi bir =-ok al ainnad ey adyogjldaunj ub iBe rtld mme
kozmopol it metropol yapéséneéen Si mmel 6i n k
ol ukumunda ©°nemli bir rol oynadéej éna -o0jun

Keskin ve ¢eli kel e (2023, kentindektibye dig® r e Si
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k°keni nedeniyle ayreéexteéereélan bir gruba me
toplumun i-inde hem de dékénda ol duju s°yl
a-eéséene da etkilemiktir. D° ma miknmdad a+ &jn@ ak la
Si mmel et kil eki m, formlar ve geometriyi t e
gizlili k gibi ki msenin incelemeye dejer ge°

cetin, 2025: 602) .

Si mmel 6in yakl akémé, ndhl ibklreeygehirg?® hj;
ol ayl arda moder n hayat én I zini S¢r mekt
moderniteyi a-éklamak i -1in, -ok sayeéeda
makale ve Kkitap yazmékter. Tek tek ol a
arkag ndaki unsurlara dikkatlice bakeéel déj éi
yakam tarzéneén ortaya - ékmecx ol duj unu
modernlijin kendine has ©°zelliklerini a
b¢yéek kehir hawatasnéami® zveel Ipiaklaeriil i krkda | et

czerinden ele al maktader (Seyyar ve Ayso

George Si mmel i -in kent yakamé ve burada
¥zelli kle modern -aj insanénenmedr atrta&jtés rm
al anl aréndan birini ol uktur maktayde. Si mme
getiren modern insanén duygu durumlar éné d:
rasyonel bir d°nemde irrasyonel kytCanyedé&.ml er
iGeorg Si mmel °zellikle kent ¢zerine yapte]j
karkéséna konumlanmék ve inceleme alanénén
dahi | etmi k ve kentl i i nsanén duygusal dej i

600).

George Simmel 6in AParanén Felsefesi o adl e

deji ken anl amé ve g¢ngmegzde yeéekselen bir de

yarésé paranén bir dejikim defj eeranalizierear ak i
dayaneéer ken, dijer yarésé bu dejikim dejer
modern d°nemde y¢kselen bir dej er haline ¢

deji kim ve takas ekonomisine bajdej d@raihmi n | Kk
tam ol arak yapélamadéejéné aktarér. Zira ona

Z
111
11l
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ngel eyebil mek i-in -0k karmakék bir zi hi
syal yapélar ve kar makeék ol mayyamn ée kyoorkad nuir
san zi hni de buradaki ekonomi k d°ng¢de bu
rmakék bir ekonomi k d°ng¢ye de gerek yokt

En al t evr e New Britain adaséndan bil d

Burada yakayankygluklidreenaemirbirine bajl

yani para derl er. Bu para | ineer bir ©I
al mal arda kull aneéel ér ; bal ék genel l ikl e
metanén exkit ©°1 -¢l ed¢jng nbierkista tdéen earl noa abr
edi |l mi ktir. B°yl ece bir taheél Ol - ¢s¢ ekl
fiyatén dojrudan exkitli7ji burada en tam
hi-Dbir niceli ksel uyumuneé ottamhdéjg@&!| demeKk
Zi hinsel sg¢greci temsil eder (Simmel, 201
Si mmel 6e g°re paranén bir semboli k deje
jer ol arak kabul g°r mesi rasyonel akel - @
Katecé wvei kgptgpokekd il e °zdexklexktik-e p
l'irl eyicisi ve d¢gzenleyicisi haline gelr
onomi sinin ¢steéegne -ékmaseé, sosyal Si stem
rli kte gedléink miskatsiém.d ai Haeykeay é t emel al dej e
hinsel enerjilerimizin en dejerl i si ol a
onomi sinin b¢gy¢igmesiyle el el e gider. Zek
l eml er allkanyeandy erda b &ruxk mayacak °]1 - ¢de €
teneklerin ve soyut d¢kéegncenin geli kmesi
] eri bakéméndan °nemsiz hale geldiji -ajé
Y¢eksel en akel -aj@omil i bdej i kmiek ta&km@aan
Jjerinin insan zi hnindeki anlamé da bir d°
ha il kel sosyal ve ekonomik yapélanmal ar d
rr- bi-imine modern dkredmda]Edadmparmud axkxem@xaléi
hi ptir ancak karkél ék gel di ] nesneler -0
dern akel -ajénda yeni bir insan tipi or
-en yeni modernnomskhndeéng¢,¢8ygndaj ar ekeyi
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ol a
de]j

D¢ n
son
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onu
gel

bir
dej
dej

n para karkésénda exitlenmesi paranén r

i Kmesine neden ol muktur .

Ger-ek d¢g¢nyanén ¢zerinde u-ukan ve K¢gphe

g°ré¢n¢egkteobmpkhat dsez i kt e, para tarafén
ediliré Dijer dejer te¢grlerinin hi-biri I
el veri kI i bi-i mde yerl ekmemiktir- Di ni

sosyal dejerl er ye°nneent igflresrldeebivliei rd ekvul reutmlge
dejerl eri i se manték normlaréenda ci si ml e
dejerlerin somut ol arak dejerli nesnel e
birbirinden ayrél maz; héerdemiyasodats ol av

ekonomi k dejerlerden daha fazla ayr él ma:

daha betenl ¢kl ¢ dej il dir; hi-Dbiri be¢t ¢
bi-imde yansétmaz (Simmel, 2014: 130, 13
yanén modern d¢eemdekipapar aekdhmmi si t ak
ra paranén dijer nesnelerle denk kekil de
ern ekonomide m¢badele ara-I|areée dijer C

iya- halinde gelbnui ketkiorn.o nd okl asyi éssteeymdae kp a rye

n sembol ol ar ak be¢tén mal | ar vV e dej er |
mesine neden ol muktur. Bu semboli k deje
i kt e, m¢badel e dej edejnem Hal i¢grsd ¢qalemibmat
Il Kim aracée ol arak nesneleri exitleyen ve
er haline gelmiktir.

Paranén gelikimi asla ulakél amayan saf b
bir -abal amatder] abBak bdyutamurmaa ol duj umu
dijer dejer nesneleriyle aynée serilere ¢
dengel eni r . M¢badel e ara-1laréna ve deje
birlikte, gi derek dej ér baklekklkéin ikl ar asé
sembole d°n¢ker ve bo°yl ece kendi m¢ badel
hal e gelir. Gene de par a, mad d i ve ©9ze
at amaz. Bunu yapésénda ol an nedarzléer den
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eksi klikleri nedeniyle yapamaz. Bunl arda

zorunlulujudur (Simmel, 2014: 131) .

Si mmel 6e g°re para yakam akéeké i-inde ku
ve onlarla semboliknelalrm&s e «kiitil karecibyll e rd dji

Para soyut bir dejikim araceé ol arak topl ums
met al arén dejikim dejerini temsi | ettijJinde
bir °neme sahipara. bbDel dgaseypll d emetval onl ar
azabilen onlarén karkél éejé bir sembol i ken
Eli mizde tutabildijimiz her zaman arzu edi
kull anmak zoremdadikalzreandéjnd m k gésvence ka
dejerinin ¢sté¢gne -eékar . Para bu y°n¢gyl e soy

olan arz ¢ré¢nlerinden daha dejerl i dir.

B¢eten bu geni k metal ar seri si ancak dej
Par anén soyut bir ara- ol arak sajl adej e

sunul an mallara dejil/, onun kull aneéel abi

dej eri basit-e kullaném momentindeki p
zamanéné sedmegRopUSsS °zg¢rl ¢k, metaya bi
artt

rabilen ya da azaltabilen bir fakt?©
kul |l é

éml ar én bir arada var ol maséndan,

abilecejim ama kullanmak zorunda

]
>
3 9 o o @

n
e varolukbndaem kaynakkeyaneabit kal d
n
e

I, 2014: 191) . Met al paranén yerin
redi formlarée ka-éeénél maz Bbdurum kadaea par ané
ilikkilerde Dbirinin bakkaseé tar
i Kinin temsi.| edilen kadar itibarleée ol

nun bir t°z olarak sahip ol duj lderdejeri

O o x X X —~ X
=
n
o)

aha kapsamlée hale gelir, -ekitlenir ve
115).

Si mmel e g°re modern ekonomide paranén Yy
daha soyut, -ok daha kapsamleée bir temsiliye

varl é]é sadece metalara ulakma g¢ceneg 1 fade
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géceéenegn ¢stegnde farkl @ bir -ok hizmeti ve (¢
anl amda para sadece meta il e exe tdatnédm kalbma
gésceéeneg temsil ettijinden bir zenginlik sem
cst¢nde bir g¢- haline gel mesine neden ol mu
APar anén, bel irli bir kategorinin bir ©°r
bu kez nesnéenyda pdaerjae rksairzkléesk t i ri r , para n
g¢é¢- ol arak ortaya -ékar; buna karke bir
°] - ¢l emez ve paraya nazaran o, tek bir
kez di kkati mi zdeamrejka-ears athajpé@amséz Nei rvar |
-ékarl aréméz neredeyse sadece tekil biri
i -in, nesneler karkésénda dijer duygumu
Ama bu, belirgin bi-i mdaasa paealbdlenduima t al ar €
hususundaki ajeéerl ekl é& menfaatle karkél ék
Modern -ajda karmakékl akmék bir ekonomi k si
ve evrensel ol an bu temsil i yeteivedre Ipayak sq¢
met al ara ul akma aracé dejil, her daim her
bajémséz bir satéen alma imkaneé ile bir pr e

zaman ve mekandan baj émseéz wiegdotansigekola@akar an é n

en b¢yeéek gé¢- ve presti| g°®stergesidir. Bu
dejerlerin bir-ojunun ¢(steé¢ne -ékméexkter. A S
kull aném i-in hi-bir spesifuk defefripe sbaldi
aracé olduju ve parayé kullanma feérsaté her
konusu ol an kadar b¢gyeéegk ol duju i -in, onl aré€

(Simmel, 2014: 192).

Dej i ken dejer afPhewmderéparanda madéln
g¢- haline geldifjini ve dejerler skal as:
-arpéeceée araktérmalardan biri psi kol og J
nesill er araktermaseéedeéer . Twe ngeaer aynamt e ¢
Ameri kan gen-lijJinin dejer anlayékénda
ol dujunu ortaya koymaktadér. nA197606da | i
paraya sahip olmako ifadesi I -1 n Ason de
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Buoran® 06 6da %260ya ulakxteée. Lise °Jrencile
i fadesinin nahl akl é vV e onur |l u ol mak?o [
syl edil er. Pew Arakt ér nfab5 Meakk eari a skéénsdaa k
kukakl arénén enorPchuejmindaheW8&fdieriimengsi n ¢
0

ran Ai htiyacé ol anlara yardém et meko di

ider ol mako diyenlerin d°rt kate ve dnd
diyenl erinse sekiz kategrne&f °9magrmdiel erniin
Amadd.i ol arak iyl duruma gel meko °neml i«
yé¢kseldi é 9061 e yéllaréen sonl arénda Ame
saatlere (80 milyar dolar) y¢ksek ejiti
hac adél ar. 20 yak alte kézlar %98 gibi in

al ékverik yapmak ol dujunu s°yl ¢yor (Twen

Kaynak:
Aydéen, ¥, D, (2014), nAParanén Felsefesio, ¢
Kt hvakyienl ar e, Kstanbul

G¢rhan, N, ¢etin, A, (2025), nA¥zge¢rl ¢kten E
Perspektifinde Kent ve Duygu Klikkisio, Gaz
Science, Volume: 24, Issue: 2

Seyyar, A, Aysoy, M,n (k2e0h2i3r) ,S ofisGeoolrogjei sSi nBraejl

Modern Topluma Y°neli k D¢kegnceleri 0, HakKk
cilt: 12, Yél: 12, Saye: 33
Si mmel , G, (2014), Paranén Felsefesio, ¢Cev

Kstanbul
Twenge, J,C( 2010) , AAsrén Vebasé Narsisizm KIlIl et
Yayénl aré, Kstanbul
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Mc KTcBKN KDARc OLUNMASI NDA ¥Z! N! AUDKTKN

THE ROLE ORUBETLTFON I N SCHOOL MANAGEMENT

Nazile Abdullazade
associate professor
Azerbaipn State Pedagogical University
p eda q o ofiodofadolgaru; dosent
Azor b a y c abnPedadojvUniversiteti
http:// ORGCO@®182%7%§780 00 0
nazile.s.m.d@mail.ru

¥ZET

Audit b i r tokkilatéen (bu halda mbktobobin) f pal
ganunvericiliybp vb ya daxil:i gaydal ara nbpo
yoxl amaq vbD qiymbptlondir mbpk pmradsdeyiodiaru.di MD
mbp kt pbiiyny omasipnodl bprinin, xbpbrclborinin vb gbl
inzibati auditt i dar pet mp proseslbrinin, sbpnbd d°v
effektivliyinimnbpgsyinbikiomdiiryiol morsiis,esi nin Kk
notorciodi n, Kuri kulumun totbiqginin vbp m¢gbpl |
ehtiva edir.

¥z¢ngeasodi mp®kzt pdba xni tl o r ohfeiynodoin  hpbpyata ke-iril

gécl ¢ vbp zpif toroflorini m¢, D yi yyprmD tel tormpdki 1 ¢m D¢
prosesidir. ¥z¢ngaudit mpktpbobin °z ehtiyac
k°mbpk edir, xari ci auditp daha yaxké hazer
i darpbpetmbnin keyfiyybtini davanrlai tolyaaraagd éyr
¥z¢n¢audit adoptobon daha -evik olur vbp mbpktobb

oynayeéer .

! mu ohsil moktoblorindb® z ¢ n ¢ a d iganunveriglikbeqmgivdwo | an  n-°r mat i v
h¢quogidlorss asébrbal t ohpawwezi¢enre.,.gudumunun yaradeél
m¢ mk ¢ n | ¢ogpoplangnpnglebal, lom db® loki qy a s | éh gopuoopiliort 5 v

0 cngombtandartlabs a s éok K B | bsevola g anr € | mat sn#kozendd dlur.q g

N ¥z ¢ n ¢ aokoddexili nopamt | pgdgnok |, m© v colordl sofmyber vetvrokl b

tohsildo keyfiyyotin tomi nanéanh ol meatpovwsgmandart!|l ara uy]j
toloblor i nonilhodi; nogsdiobbu y J unl uq; davaml én pogramr ; i nki
nozordp tutulan nosblDlDr | ne° qgs ayairen Ymhilog standart; istifabyp

uyj unl uqg Kk ioiRliorihbdofloy isré.r a¥ z° ¢hnd presiinukitoblorininndarom t

ol unmas é& noé n grikis, gtohsiliy keyfiyyot i n i mldilngogi kvasiblorindbn
biridiro.
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Azorbaycan phsil sistemind® z ¢ n ¢ ecurdgibt ToypRusiygpbc r osilos as é nd a

m¢, q appdilbek tokmillok d i r i | | DordoXa g m ¢ & u Goiiilot enn d @Il BEq °© z
mpktoblordd bu prosesintk k i dhoy av a  koste imkam venn. Buon a d @ © z
mpktoblordd © z ¢ n ¢ @hsilthikeyfiyyot i n i mimoging Haka ciddi osir edir \b

valideynbr i n  u k a @limaki@ord2anx uw°nza |l ar € n a Diyisstbobirdd ¢ k v er |
bununl a. bajl edeéer

¥ z ¢ n ¢ anktdbin idapdilmpsind tohsilin vb torbiypnin keyfiyyotinbp tosir etnokip
yanaké, pbat prkmaes éqlowBeloka °z¢ng¢g g° st

T audit v © zn¢g¢, audi t D DzAantin ecabidhsdl prosesinin keyfiyptinD vD

K a gorim dbilik soviyypsinin  drinliyinp deyil, nod y © n ¢ mb K I° gngiyd
mblumdur;

T m »limlor vo rohbor  pxglor °© 7z ¢ n ¢ ancdb dundpgdaadrisd®: i 1y ay € n ma
hall arré@ bak ve

T auditin roticolorios a s éoh d a mig nt Pleristot yb i q i i-¢n adiekvat me
ol mamasé;

T bozbn audit mticolorindbn n © q s adtnmba y € i lokan keanbk avbzinb, coza

vasibsi kimi istifadb olunur \o s

A- arorsnibkeob, amgdhntg aut iot, tphsilporbiym keyfiyyt.
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AHMET ! MKT ROMANLARI NDA KSTANBULOUN MEKANSA
EDEBKYAT TURKZMK POTANSKYELK

Dr. Elanur MUTLU ?
! elanurrmutlu@gnail.corin 0000:000241579245

¥ZET

Bu -al ékma, edebiyat turizmi ol gusunu Ahmet

czerinden ele almakta ve bu tasvirlerin tu

ortaya koymayé ama-|l amaktader. Edewbyayat tur
edebi eserlere konu ol an mek®©nl arén ziyar e
miras turizminin alt dallaréndan biri ol ar a

bu kavram; yazar odakl é& turi zkiemelkturzgu odak/|
gi bi -ekKi tli tipolojilerle sénéflandér él ma
°zelli kle kurgu ve yazar odakl é& turizm boy

I mi tkosithanb ul| BeHyaotjélruas®®apsdofiesi esrermek©Onldar @re

temati k ve mekO©nsal I Kl evl er i analiz edil mi
arka plan dejil./, anl atenén adeta bir karak
Beyojludna, surlardan mezarlmkbdbhapn %Xagasrmn
akékéné belirleyen ana wunsurlar holine gel
bir nNnedebi rotad olukturduju ve okurun mek
go°r ¢l mektedir. ¢al ék ma, bu mal®rirdreerdi ed ¢ e
turistik crenl ere den¢gkt ¢gréel mesinion Kstanl
sunabil ecejini tart ékmaktadeér . Edebi YEr &Y ¢
temati k turl ar gi bi uygul amadamr érekigtelliilkit]
zenginlexktirece]ji vurgul anmaktadér . Ayr éca
gelirl erini arteéermakl a kal mayeéep, kentin k
sajlayabil ecefji °ne s¢r ¢l mektedi retiveSonu-ta
kel torel Kuruml ar arasénda kurulacak ik bi

NOM
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uyumlu ol masé gerekti]i savunul makt a; Kstar
ziyaret-iler i -1n daha anl aml e Ve deneyi

hedeflenmektedir.

Anahtar Kelimeler: Edebi yat Turizmi, Ahmet | mit, Kst a

THE LI TERARY TOURI ST APPEAL OF AHMET UMI T
SPATIAL CONSTRUCTION OF ISTANBUL IN THEM

Dr. Elanur MUTLU 1
L elanurrmutlu@gnail.corn 00006:000241579245

ABSTRACT

This research |l ooks at the Iliterary depicti
attempts to illustrate the opportunities these representations offer for developing tourism.

In the interndbnal literature, literary tourism is explained as travelling to places
associated with the authors, the characters and the works, and is considered to be a
subclass of cultural heritage tourism. In this regard, the typological categorization of

author towism, fiction tourism, and festival/event tourism is often encountered. This
research, however, is positioned in the author and fiction tourism semicircles. The
analysis investigates the thematic and spat
Ksbah Hat érasé and Beyojlu Rapsodisi. These
of the city in the narrative, as the author goes to great lengths to ensure the city is not just

a backdrop for the story but rather a fully fledged character in the stitinythe historic

peninsul a, Beyoj !l u, the city walls and eve
bones of the narrative. Such visions of a
journeyao, a stimul ati on o fotionalcennestiomtalthet hat a

city. The argument claims these sites could be turned into tourist attractions, thus

enhancing Istanbul's destination branding and diversifying its cultural tourism offer. The
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proposal suggests developing literary walking routggital maps, and audio guides,
along with thematic tours, to provide a more fulfilling experience. In addition, these
initiatives would generate additional tourism revenue and promote public education and
stewardship of the city's cultural heritage. Hynahe study calls for cooperation between
local authorities, tourism businesses, and cultural organizations. Rather, this cooperation
should promote Istanbul's sustainable tourism policies to provide these visitors, along

with other literary and netiterary tourists, with an experiencieh destination.

Keywords:Li t erary Tourism, Ahmet | mit, |l st anbul
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AGROTURKZM YOLUYLA YAYLA K!LT!R! N!'N CANLAN
K!LT! REL VE MEKANSAL BKR DEJERLENDKRMI

Dr. Elanur MUTLU !
! elanurrmutlu@gnail.corin 0000:000241579245

¥ZET

Bir zamanl ar hayvancél ék, tarém ve mevsimli
bir yakam bi-iminin temsild:@ ol an yayla k¢glt
bilinciyle desteklenmekteydi. Bu -al ékma,

turistik destinasyonlara d°n¢gkem s¢greciyle

yitirmesini Il rdel emekte ve agroturizmin bu
rolé¢n ncel emeyi ama-|l amaktadeéer . Yayl a kK¢l t
mevsimlik g°- prati kl er etraféenda kekill e
hafeza baréndéran bir yakam bi-imiydi. Anca
ve kesal ziyaret alanlaréna d°n¢gkmesi, K ¢
a-maktadeéer. ¢al ékmada nitel bir yakl akém be
l iterat ¢¢rdeki tanémlaré incelenmiKk, ardénd

eki nli kler ¢zerinden yerel togflghltghkledr & ag &jé

dejerlendirilmiktir. Bulgular, agroturi zmin
kel torel mi rasén korunmaseé ve kérsakh- kal ké
ol dujunu g°stermektedir. Bu dojrultuda, ag
turistik cazibe merkezl eri ol maktan -ékép
s¢rdegrmesine katkéda bulunabilir. i8omngd , ol e
ekoloji k denge ve takéma kapasitesi dikkate
geliktiril mesi ©°neril mektedir.

Anahtar Kelimeler: Agr ot ur i zm, Yayl a K¢glteor ¢, Kéer sal
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REVKTALKZKNG HKGHLAND CULTURE THROUGH AGRI
CULTURAL AND SPATKAL ASSESSMENT

Dr. Elanur MUTLU 1
! elanurrmutlu@gnail.corin 0000:000241579245

ABSTRACT

The remaining cultural highlands of the world used to embody a holistiesgétfient

cycle of life formed around pastoralism, agricultexeasonal movements, strong social
relations, and a vivid memory of their past. This particular work focuses on the loss of
the productive and sustenargenerating dimensions of traditional highland culture,
which has increasingly become touristic desiors and seeks to determine the intricate
working of agritourism in the potential revtalization of this culture. Animal husbandr,
agriculture, and cultural recollection. The cultural hishlands of the world, when
constructed for recreational and shallowrsttherm tourism, erode the transmission of

ot her peopl eds cul tur al |l egaci es. Thi s st
analyzing agritourism and its associated concepts in available literature, then gauging
possible economic and soealtural impact of agritourism activities in the highlands.
Results suggest that agritourism is much more than a touristic product; it also serves as a
mechanism for cultural preservation and rural enhancement. Thus, agritoturism activities
have the potential of chging highlands from passive tourist hubs to active living cultural
centers. As a final point, it is critical to emphasize that the planing of tourism to highlands
should rest upon the building of collaborative and ecologically balanced frameworks for

tourism development.

Keywords: Agritourism, Highland Culture, Rural Tourism, Cultural Heritage
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RKT! ELDEN ESTETKJE: HKTKTLERDE EVLKLKK GE
G! Nl M Z ANADOLU K!LT!R! VE SANATI NDAKK |

MEB, Doktora ¥Jrencisi,! UKMEBMB, ANMenéve GBak af
lGazi i niversitesi, Ejitim Bilimlewdd Enstit
00022831-789X
2Yyel déz Tekn,j kSodosy aler Bii lsiasyslinerve75@gnsail.dorh ¢ s ¢ ,

0009000217223561
¥ZET
Anadol udnun en eski uygarl ekl aréndan biri
beraktéklare izlerle g¢negmegz Anadol u kel ter
Hititlerden sonraAndo | u f ar k1l & uygarl ékl arén et ki si a
ait bazé gelenekl er hal k taraféndan I - sel
géneégmeze kadar varl é] éne Korumuktur . Bu
gel enekl erimadodaaun ¢kmgelzt ¢A ¢yl e karkél akt ér mal
°jJelerin estetik bir boyut kazahraawkmtkésmpacddkl
etnografi k tya°rnthesmllleuyemné&mmecxkt er . Tari hsel
meydana gel en ol ay, ol gu Ve duruml ar én
yorumlanmaséné ve sentezlenmesini sajl ayar
Hi tit d°nemine ait e v drkedlojikkbulgulartve, ikohdgrafik i yazeée
veril er czerinden dejerlendiril mick; géng¢
kar kel a«tl &dreé lerdé K teénr bul gul ar, Hititlerden g¢
s¢reklilijini go°stermekivedzurnd&ed diniijni héd au
evliilik t°renlerinde ko- ya da boja adama
i steme ve nikan merasi mi, Ai - g¢veysi o ol ar
yakamasé, bakl ék paraké&,vdsderndarelcéek itnakeé Igm
di kkat -ekmektedir. Bu rit¢geller, Anadol u
hem de sanatsal ve estetik boyut kazanan k¢
Sonu- ol ar ak, Hi trietl laenr deevl id ¢ rk¢ ngeed ee neekktl ae r i,
kel terel bellejin s¢grekliliJini g°ster mekt
toplumsal bir kurum ol arak dejil, ayné zama
da dejerl ehkdiifiilnine®irt@agae koymakt ader .
Anahtar Kelimeler: Hi t i t | er , Anadol u K¢l ter ¢, EvIiilik
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ENERGY DI PLOMACY AND GEOPOLI TI CALRANVERAGE
COOPERATI ON I N THE MI DDLE EAST

Khalid, Muhammad Munib *
Minhaj University Lahore. Faculty of Social Sciences & Humanities, School of Political
Science, Lahore, Pakistan
!ORCID ID: https://orcid.org000930008 12993448
munibkhalid@mul.edu.pk-92-320-49795009:

ABSTRACT

The shifting dynamics of global energy markets and the reconfiguration of power in the
Middle East have amplified the strategic partnership between Russia and Iran. This study
seeks to examine the contours of Rudssn cooperation through the lens of ene
diplomacy and its broader geopolitical implications. The purpose is to analyze how both
states leverage their hydrocarbon resources and mutual strategic interests to
counterbalance Western influence, reinforce regional clout, and redefine the arahitect

of Middle Eastern geopolitics. This research employs a qualitative approach grounded in
geopolitical analysis and international relations theory. The primary materials include
bilateral agreements, official energy cooperation statements, and govenmperis

from Russian and Iranian sources. Secondary data is drawn frorepmsved journal
articles, expert policy analyses, and energy market databases. The study is theoretically
underpinned by the concepts of realism and resource geopolitics, ydhng a robust
framework to interpret state behavior and alliance formation.The analysis reveals that
Russia and Iran have developed a pragmatic and strategic partnership focused on
cooperation in gas and oil sectors, nuclear energy, and infrastructetepmiaent. Both
countries have coordinated stances within OPEC+ and have increasingly aligned their
positions on regional conflicts, such as Syria and the Caucasus. This cooperation has
enabled them to resist Western sanctions, challenge U.S. dominaheeragion, and
project influence in emerging energy corridors like the Caspian Sea and the Persian Gulf.
The findings suggest that energy diplomacy is not merely an economic tool but a central
pillar of Russi&lran geopolitical strategy in the Middle Eastheir collaboration
represents a convergence of strategic autonomyWadtern alignment, and shared
interests in shaping a multipolar regional order. The study concludes that this partnership
is likely to endure and expand, particularly as globalggheompetition intensifies and
traditional alliances continue to fragment in the wake of shifting geopolitical currents.

Keywords

Russidlran Relations; Energy Diplomacy; Geopolitical Strategy; Middle East Security;
Neo-Realism
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TH RELATKONSHKP BETWEEN RECREATKONAL AC
MOTKVATKON AND AWARENESS KN YOUNG ADUL

Research Assistant Alper Kaya, Dr. Hasan Suat Aksi#

Necmettin Erbakan University, Faculty of Tourismiaya@erbakan.edu-t0000
000203644122
Sel -uk Uni ver si t gazihafaasoaudginail.coo0D00000H8196 s m,
129X

ABSTRACT

Recreational activities are considered experiential domains that positively influence the
lives of young adults. The levels of activity motivation and recreational awareness within
these ativities can directly affect the outcomes of recreation. Particularly for young
adults, examining the relationship between participation motivation and recreational
awareness is important for the planning and implementation of recreational activities.
Therefore, this study aimed to determine the relationship between activity motivation and
recreational awareness among young adults who participate in recreational activities. The
study was designed based on quantitative research methods and conducted using a
correlational survey design. To deter mine
recreational activities, the "Recreational Activity Motivation Scale (RAMS)" was used,
while the "Recreational Awareness Scale (RAS)" was employed to assess thaif leve
recreational awareness. The study popul ati o
and the sample included students who regularly participated in recreational activities
during the 20262026 academic year. A total of 412 individuals participatete study.

A normality test was conducted to assess whether the data followed a normal distribution,
and the results indicated that the data were normally distributed. To identify whether the
measurement tools produced significant differences acrogabhes, ttests were
performed. In addition, Pearson correlation analysis was used to examine the relationship
between the measurement tools. The research findings showed that demographic
variables produced significant differences in the measurement aoolshat there was a
moderate positive correlation between activity motivation and recreational awareness.
Consequently, it can be concluded that increased levels of recreational awareness among
young adults participating in recreational activities dsal to higher levels of activity
motivation.

Keywords: Activity Motivation, Recreational Awareness, Leisure.
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1. INTRODUCTION

Emerging adulthood is considered a critical developmental period during which
individuals make significant decisionsgarding identity, career, social relationships, and

lifestyle. The habits acquired during this period form the foundation for behavioral
patterns that may persi st t hroughout oneos:s
university setting is viewed as aucial context in shaping these patterns. In particular,

leisure time usage and the recreational activities carried out during this time significantly

i nfl uence i ndi vi d-being, el opseoakimtevactiony and avérallwe | |

life satisfacton (Arnett, 2000; Caldwell, 2005; Mannell & Kleiber, 1997).

Gi ven t he considerabl e i mpact of recreat |
development, it is essential to examine the forms of participation and the psychological
variables that drive such peipation. Participation motivation is a key psychological
construct that explains why individuals engage in an activity and what drives them to do

so. It is typically discussed under the dimensions of intrinsic motivation, extrinsic
motivation, and ametation. Intrinsic motivation refers to participation driven by internal

factors such as pleasure, curiosity, and the desire to learn; extrinsic motivation refers to
engagement influenced by external factors such as social approval, rewards, or
obligations Amotivation, on the other hand, refers to participation without any sense of
purpose or meaning, or the absence of participation altogether (Deci & Ryan, 1985;
Vall erand, 1997) . Understanding the type
engagement imctivities is important in terms of the quality and sustainability of their
recreational experiences.

Recreational awareness refers to an individual's level of consciousness regarding the
concepts of leisure and recreation, as well as the impact ofd¢besepts on quality of

l'i fe (Ekinci & ¥zdil ek, 2019) . Awareness i
activity; it also includes recognizing the social, psychological, and physical benefits of

the activity and the ability to integrate these beneéfiskt o onebés daily | ife.
recreational awareness not only enables individuals to participate more consciously in
activities but also contributes to increased satisfaction derived from those activities
(Henderson & Ainsworth, 2003). Therefoeemutually reinforcing relationship between

awareness and motivation levels is noteworthy.

I n this context, identifying the relations
participate in recreational activities and their level of awareness negnese activities

holds both theoretical and practical significance. Accordingly, this study aimed to
examine the relationship between recreational awareness and activity participation
motivation among young adults who regularly engage in recreationaitias. In line

with the purpose of the study, the following research questions were addressed:

1T Do participantsé®é demographic variabl es I
measurement tools?

NOY
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1 Is there a significant relationship between the measuretoeis?

2. METHOD

2.1Research Design

Since the aim of this study was to determine the relationship between recreational
awareness and activity motivation among young adults who regularly participate in
recreational activities, a correlational survey desigis wmployed. The correlational
survey model is commonly used to identify the fundamental relationship between two or
more variables (B¢gyeéekozter k, 2014) .

2.2Population and Sample

The population of the study consisted of university students enroleddt - uk Uni ver si
duringthe20262 0 26 academi c year. |In that academic
of 69,178 actively enrolled students. To represent the population with 95% confidence

and a 5% margin of error, the minimum required sample sizecalaslated as 383
(Surveymonkey, 2025).

In this study, data were collected from a total of 435 individuals; however, due to
incomplete or incorrectly filled forms, 23 responses were excluded. Consequently, the
final sample consisted of 412 participantscénvenience sampling method was used,
and only young adults who regularly engage in recreational activities were included in
the study.

Table 1. Demographic Characteristics of the Participants

Variables n %
Female 217 52,6

Gender Male 105 47,4
Active 188 45,7

Type of Participation in Recreational Activities
yp P Passive 224 54,3

According to Table 1, it was found that 52.6% of the participants were female, and 54.3%
participated actively in recreational activities.

2.3Data Collectionnstruments

In the study, a personal information form developed by the researchers included the
variables of gender and type of participation in recreational activities (guéssive).

To assess participant s 0 Receational AwarenesséStaleawar er
(RAS) was used. To measure their motivation for participating in recreational activities,

the Recreational Activity Participation Motivation Scale (RAPMS) was employed.

The Recreational Awareness Scale (RAS) was developedibynEk i and ¥zdil ek
and consists of three subdimensions: -Bafelopment, Socigbuccess, and Pleasure
Fun. The scale includes 41 items and followspat Likerttype structure ranging from

NO®
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Al = Strongly Agreeo t o fudy, the CBnbaclusnatphay Di s a
coefficients for the total scale and its subdimensions ranged between .77 and .85,
indicating acceptable reliability.

The Recreational Activity Participation Motivation Scale (RAPMS) was developed by
¥zant et al udes@2iten2séacdrossafaurcsubdimendions: Intrinsic Motivation,

Benefit, Amotivation, and Extrinsic Motivation. The scale also usespairg Likert

format ranging from Al = Strongly Disagree:qt
alpha coefficients forhis scale ranged from .75 to .89.

2.4Data Analysis

The data were analyzed using SPSS 24 statistical software. First, normality tests were
conducted to determine whether the data were normally distributed. The results showed
that the skewness and kurtosis esuanged between +1.5 aids, indicating a normal
distribution.

To examine whether there were statistically significant differences between the
measurement tools and the variables of gender and type of participation in recreational
activities, an indepedent samples-test was applied. Additionally, the relationship
between the two measurement tools was examined using Pearson correlation analysis.

3. FINDINGS
Table 2. Independent Samples-Test Results by Gender Variable
Measurementinstruments Gender n X Ss t p
Female 217 3,45 0,52
RAST Pleasure and Fun 1,14 0,001*
Male 195 3,08 0,70
] Female 217 3,35 0,82
RAST Social and Success 0,84 0,003*
Male 195 3,03 0,94
Female 217 3,69 0,60
RAST Self-Development -0,24 0,000*
Male 195 3,36 0,48
o o Female 217 3,59 0,67
RAPMST Intrinsic Motivation 1,86 0,003*
Male 195 3,34 0,79
) Female 217 3,16 0,86
RAPMS| Benefit -0,66 0,002*
Male 195 3,01 0,99
o Female 217 3,24 0,83
RAPMSi Amotivation 0,71 0,054
Male 195 3,03 0,91
i insi Female 217 3,46 0,74
RAEMS_l Extrinsic -0,46 0,002*
Motivation Male 195 3,15 0,88

*t test, p<0,05
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According to Table 2, a statistically significant difference was found in all subdimensions

of the Recreational Awareness Sc§e0.05). Regarding the subdimensions of the
Recreational Activity Participation Motivation Scale, no significant difference was found

in the M@AAmotivationo subdi mension (p>0.05)
identified in the other subdimensions(p05).

Table 3. T-Test Results Based on Type of Participation in Recreational Activities

Measurement Type of Participation in Recreational
L X Ss t p
Instruments Activities
Active l88 3é6 05’5 0,009
RAST Pleasure and Fur 1,23 7,
Passive 22 32 07
4 1 2
. Active 18 32 08
RAST Social and 8 4 3 124 0,001
Success Passive 22 30 09 *
4 9 1
. 18 3,6 0,6
Active ' !
. 8 7 2 0,000
RAST Self-Development 0,87 7,
P Passive 22 34 07
4 8 9
L Active 18 3,7 06
RAPMST Intrinsic 8 7 8 0.86 0,002
Motivation Passive 22 34 08 *
4 1 0
. 18 3,3 0,8
Active ' !
. . 8 7 8 - 0,003
RAPMS| Benefit bascive 22 32 09 049 *
4 4 5
Active 188 32,4 05,7 _
RAPMST1 Amotivation bascive 22 33 09 020 0,066
4 6 0
L Active 18 34 06
RAPMST Extrinsic 8 5 0 168 0,001
Motivation Passive 22 31 0,7 *
4 2 8

*t testi, p<0,05

According to Table 3, statistically significant differences were found in all subdimensions
of the Recreational Awareness Scale (RAS) (p<0.05). In the subdimensions of the
Recreational Activity Participation Motivation ScdRAPMS), no significant difference

was found in the "Amotivation” subdimension (p>0.05), while significant differences
were observed in the other subdimensions (p<0.05).
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Tablo 4. Pearson Correlation Test Results Between Measurement Instruments

Measurement Instruments 1 2 3 4 5 6 7
RAST Pleasure and Fun R 1
P
RAST Social and Success R 421 1
P .001**
RAST Self-Development R 0,424 .601 1
P .000** .004**
RAPMST Intrinsic R 316 .647 .562 1
Motivation P 000** .001* .000**
RAPMSi Benefit R 318 .663 .603 .615 1
P .000** .003* .000** .000**
RAPMSi Amotivation R 455 628 675 512 .482 1
P .000** .000* .000* .000* .000*
RAPMST Extrinsic R 466 671 710 .482 671 .663 1

Motivation P .000** .000* .000** .000** .000* .000*
Note. n = 412. *p<0.05, **p< 0.01, **p<0.001

According to Table 4, a generally moderate and positive relationship was found between
recreation awareness and recreational activity motivation.

4. DISCUSSION AND CONCLUSION

In this study, which examined the relationship between recreation awareness and activity
participation motivation among young adults who regularly engageedreational

activities, significant differences were found in all subdimensions of the Recreation
Awareness Scale (RAS) and the Recreation Activity Participation Motivation Scale
(RAPMSBY except for t he A Andobasedan thé gendér vasiabb di me n ¢
(Table 2). According to the findings, female participants demonstrated higher levels of
recreation awareness and motivation to participate in recreational activities compared to

male participants. This may be attributed to the possibility that womerehaigher level

of awareness regarding the outcomes of participating in recreational activities than men.

I n a study conducted by Sateéel mék et al. (20
gender and recreation awareness, with female participlaowgng higher awareness than
mal es. Similarly, C°hce et al. (2022) founc

subdimensions of setfevelopment, sociaduccess, and pleastiten compared to male

participants. On the contrary, there are also sgidn the literature reporting no
significant differences between gender and
202 2; B¢l bl et al ., 2021) . I n anot her St
investigated the effect of recreational activity mation on recreational health,

significant differences were found based on gender, with female participants scoring

higher in intrinsic motivation, benefit, and extrinsic motivation subdimensions. However,
contrary to these f i huohaestuglysexamiDiegihie motigatiod ¢ et i r
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levels of individuals participating in the Historic Peninsula Bicycle Tour, found no
significant difference in recreational activity motivation based on gender.

In terms of the variable of recreational activity paption type, significant differences

were found in all subdimensions of the Recreation Awareness Scale (RAS) and the
Recreation Activity Participation Motivation Scale (RAPMS), except for the
AAmoti vati ono subdi mensi on rdihgsb/burg aBujts. Accol
who actively participate in recreational activities were found to have higher levels of
recreation awareness and activity participation motivation compared to those who
participate passively. This finding may be attributed to the tfzett individuals who
actively engage in recreational activities tend to gain more experience from the activities
and feel more competent during and after participation, compared to passive participants.
In a study conducted by Zorba et al. (2021) to date¥radolescents’ awareness of sports
within a recreational activity context, it was found that individuals who actively
participated in the activity had higher levels of awareness compared to those who
participated passively. Looking at the correlationuhlss between the Recreation
Awareness Scale (RAS) and the Recreation Activity Participation Motivation Scale
(RAPMS), a moderately positive and statistically significant relationship was identified
between the two instruments (Table 4).

Participants' demographic characterigiigmrticularly gender and type of participation

in recreational activitigs showed significant differences in terms of the measurement
instruments. It was found that female participants and those who actively engaged
recreational activities scored higher in both recreation awareness and activity motivation.

A moderate, positive, and statistically significant relationship was found between
recreation awareness and recreational activity motivation. In particulamgstro
correlations were observed béRuwre,en iftSoecisadtl
Achi evemenitDed edmp nmeSdalof and t he subdi mensi or
and AExtrinsic Motivation. o

In conclusion, as recreation awareness increases, mativatparticipate in recreational
activities also rises. It can be stated that young adults who actively participate in
recreational activities have higher levels of both awareness and motivation.

Recreation programs in universities should be diversifieshb@nce young adults' levels

of motivation and awareness. Awareness campaigns highlighting the benefits of
recreation, such as personal development and stress management, should be
implemented. To encourage more active participation among passive studemtteer

based and clubased activities should be supported. Additionally, improving recreational
facilities on campus and increasing accessibility are essential steps to consider.
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ABSTRACT

Gambling disorder represents a rapidly increasing public health concern in contemporary
society, particularly affecting young adults. This study aimed to examine changes in
leisure experieres among young individuals with gambling disorder and the role of
recreational activities in the recovery process within the framework eD@édfrmination
Theory. The study employed a phenomenological design, conductingstsantured
interviews with 9participants (aged 185) recruited through snowball sampling. Data
were analyzed using Braun and Clarke'spdiase thematic analysis approach within the
MaxQDA software. The analysis yielded five themes: "Leisure Richness," "Digital Drift,"
"Social Discanection," "Quest Endeavors," and "Rediscovery." Findings demonstrate
that the basic psychological needs of autonomy, competence, and relatedness are
systematically compromised during the gambling disorder process. While the pre
gambling period was characized by high intrinsic motivation and diverse recreational
activities, the addiction process involved intensive focus on digital environments, social
isolation, and loss of control. During the recovery process, the therapeutic effects of
recreational actities were identified. The Recreational Recovery Model in Gambling
Addiction (RRMGA) developed as a result of this research suggests that Self
Determination Theorpased recreational interventions can be utilized in gambling
disorder treatment.

Keywords: Recreation, Leisure, Selletermination Theory, Recreational Recovery
Model in Gambling Addiction, Young adults
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Kumar Bajeéemléleéeje S¢recinde Rekreasyon ve

Dej i ki mi : Fenomol ojik Bir Arakter
¥ZET
Kumar bajémleléejée g¢e¢ngmgzde hezla artan bir
czelli kle etkilemektedir. Bu arakt ér ma, K u
deneyi mlerindeki dej i Ki ml er i ve rdkrneasyone
¥zBelirl enim Kuramé -er-evesinde i1incelemeyi
yeéreteéelen -al ékmada, kartopu-3%5r  iyakl-emd ey °yre
yapélandéeréel mék g°r¢kmel er ger-ekle@tiri |l mi
temati k analiz y°ntemiyle MaxQDA programénd
tema belirlenmicktir "Serbest Zaman Zengi
"Arayék ¢abalarée"” ve "Yeniden Kexi f". Bul g
veterl ik ve ilikkililik ihtiya-Ilarénén si st
°ncesi d°nemde y¢ksek i -sel motivasyon ve -
bajéeml él ék s¢recinde dijital ortanidolara yoj
kaybé yakanméxkter Kyil ekme s¢recinde i se
belirl enmicktir. Araktérma sonucunda gel ikt
Kyil ekme ModeBel i rKRINMM KMz amé temel | i rekr
kumar bajéemleéléjeée tedavisinde kullanél abil e
Anahtar Kelimeler: Rekr easyon, Sebkeést | &minmnKkur¥azmeé,
Bajéeml él éjéenda Rekreasyonel Kyil ekme Model:i

1. INTRODUCTION

Gambling disorder has emerged asaadly increasing and significant concern that seriously
threatens public health in contemporary society. It is estimated that 0.1% to 5.8% of the adult
population worldwide experiences gambling disorder (Calado & Griffiths, 2016). While
research on thispic remains limited in Turkey, existing data are concerning. A comprehensive
epidemiological study conducted in 2024 across 12 provinces in Turkey with 5,008 participants
revealed that 6.81% of participants had gambled at least once in their lifetim2988% of

these individuals continuing to gamble regul
2024).

Gambling disorder is a multidimensional problem that extends beyond mere financial losses,
profoundly affecting individuals' psycholagl health, social relationships, family life, and
overall quality of life (Hodgins & eGuebaly, 2004). According to DSBldiagnostic criteria,
gambling disorder is characterized by loss of control over gambling behavior, prioritization of
gambling over dily life activities, and continuation of gambling behavior despite negative
consequences (American Psychiatric Association, 2013). Notably, gambling disorder rates
among young adults are known to b8 mes higher than those among adults (Shaffer, et al.
1997). This phenomenon is attributed to factors such as developmental characteristics of the
youth period, riskaking tendencies, and easy access to technology (Derevensky & Gupta,
2004). Furthermore, itis considered that the effects of gamblingetisortkisure activities and
lifestyle are more pronounced in this age group.

From a recreation science perspective, leisure activities have significant impacts on individuals'
physical, psychological, and social health (Henderson, 2010). Leisure repeesgtital life
domain where individuals shape their experiences through personal choices and achieve
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personal development and satisfaction (Kleiber et al., 2011). Understanding the effects of
gambling disorder in this domain is crucial for developirigtiotreatment approaches.

There is a paucity of research examining the relationship between gambling disorder and
recreation in the literature (Carruthers et al., 2006; Hood & Carruthers, 2007). Research on this
topic is particularly insufficient in Tkey. A systematic review conducted by Kovan (2024)
revealed that gambling disorder research in Turkey predominantly employs quantitative designs
and that there are significant gaps in the psychotherapeutic intervention field.

This study aims to examine tlieed experiences of young individuals with gambling disorder
regarding recreational activities and leisure management through a phenomenological approach.
The primary objective of this research is to gain adejth understanding of the changes
experieced in young people's leisure experiences during the gambling disorder process, the
meaning of these changes, and the recreational potential in the recovery process.

1.1. Theoretical Framework

This study is grounded fBelf-Determination Theory (SDT) developed by Deci and Ryan
(1985). The theory operates from three basic psychological needs in explaining human
motivation and optimal functioning: autonomy, competence, and relatedness. Autonomy
refers to a state where intluals' behaviors are aligned with their own values and
interests and are driven by intrinsic motivation rather than external pressures (Ryan &
Deci, 2000). Competence describes the sense of capacity to be effective in one's
environment and to achieve dresl outcomes (White, 1959). Relatedness encompasses
the need to connect with others, to belong, and to be cared for (Baumeister & Leary,
1995).

Within the SelDetermination Theory framework, motivation is evaluated on a
continuum extending from amotivati to intrinsic motivation (Ryan & Deci, 2000).
Intrinsic motivation represents the most autonomous form of motivation, where
participation in an activity occurs for the satisfaction derived from the activity itself.
Extrinsic motivation refers to behavgperformed to obtain external rewards or avoid
punishments. Amotivation is defined as the inability to establish connections between
behavior and outcomes, characterized by a state of purposelessness.

In the context of gambling disorder, S&léterminatim Theory offers a significant
perspective in explaining how individuals' gambling motivations change over time.
Research conducted by Carruthers et al. (2006) revealed that pathological gamblers
experience intrinsic motivation in recreational activitieslvlexperiencing low self
determination and high amotivation in gambling. These findings suggest that recreational
activities may serve as a potential resource in gambling disorder treatment.

Leisure activities are typically characterized by high autonamtiynsic motivation, and
optimal experience (Isdhola, 1980). According to Flow Theory developed by
Csikszentmihalyi (1990), optimal experiences where individuals become completely
focused on an activity, experience altered time perception, and fezisa sf self
transcendence typically occur during leisure activities. How gambling disorder affects
and disrupts these optimal experiences constitutes an important research area.

Self-Determination Theory also emphasizes the role of supportive sociabemeants in
meeting basic psychological needs (Deci & Ryan, 2000). The deterioration of social
relationships and withdrawal from recreational activities during the gambling disorder
process may hinder the satisfaction of these basic needs. This situatioantrdbute to
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the perpetuation of addiction. In the recovery process, as predicted {yeSaimination
Theory, the integration of recreational activities that support basic psychological needs
into the treatment process is of critical importance. Thesegities can help individuals
regain their sense of autonomy, develop feelings of competence, and strengthen social
connections (Caldwell, 2005).

In accordance with this theoretical framework, this study will examine how the leisure
experiences of youngndividuals with gambling disorder change in terms of the
fundamental principles of Seldetermination Theory and the meaning of this change in
the recovery process.

2. METHOD
2.1. Research Design

This study was conducted using a phenomenological deign dualitative research
methods to gain an4idepth understanding of the lived experiences of individuals with
gambling disorder regarding recreational activities and leisure management. The
phenomenological approach aims to discover the essence anchgneaimdividuals'
experiences regarding a particular phenomenon (Creswell & Poth, 2018). In this study,
how the recreational experiences of individuals experiencing gambling disorder change
and what this change means to them was examined from a phenogieadgierspective.

2.2. Participants and Sampling

The population of the study consists of young individuals age@518ho have
experienced or are experiencing gambling disorder in Turkey. Snowball sampling
technique, one of the purposive samplingthods, was employed for sample selection.
This technique is particularly preferred for accessing -taréach and sensitive
populations (Patton, 2015).

Inclusion Criteria

1 Having gambling experience for at least one year
Having acknowledged and recogrdzgambling disorder
Being between 135 years of age
Having sufficient Turkish communication skills

= =2 =4 =4

Providing voluntary participation in the research
1 Being willing to share experiences

Exclusion Criteria
1 Being in an acute psychiatric crisis period
1 Having ®vere cognitive impairment

1 Being in a physical or mental condition that would prevent sustaining the
interview

1 Being under 18 or over 35 years of age
2.1.1. Sample Size and Snowball Process
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In qualitative research, sample size is determined accordingetrihciple of data
saturation (Guest et al., 2006). In this study, a total of 9 participants were reached through
snowball sampling method. The sample structure is as follows: 6 participants in the 18
22 age group, 2 participants in the 23 age group,rad 1 participant in the 235 age

group. Data saturation was evaluated as the situation where data obtained from new
participants repeated existing themes and no new themes or concepts emerged (Fusch &
Ness, 2015). The snowball sampling process begarivpénticipant from an AMATEM
(Alcohol and Substance Addiction Treatment and Training Center) in Istanbul and 1
participant from a private treatment center in Ankara. A chain was formed by obtaining
recommendations of-2 people with similar experiences finoeach participant, and the
process continued until maximum diversity was achieved. The snowball chain was
completed with 4 branches.

2.3. Data Collection Instruments

SemiStructured Interview Form: A serstructured interview form developed in line
with literature review and expert opinions was used. The interview form consists of five
main sections:

1. Demographic Information: Age, gender, education level, occupation
2. Gambling History: Duration of gambling, types, treatment status

3. Past Recreational Experiences: Ryambling activities, hobbies, social
participation

4. Changes During Gambling Period: Leisure time use, activity preferences, social
relationships

5. Recovery Process: Treatment experiences, new activities, future plans
Main Interview Questions:

1 How did you spend your leisure time before you started gambling?

1 How did your relationship with other activities change after you started gambling?
1 What do you feel during moments of free time?
1

Which activities did you notice were bdiwgal for you during the recovery
process?

Pilot Study

Pilot interviews were conducted with 2 participants outside the sample to evaluate the
effectiveness of the interview form. Following the pilot study, the comprehensibility of
guestions and data catlson potential were assessed, and the form was finalized.

2.3. Data Collection Process

Interviews were conducted between June and August 2025. Each interview laSted 35
minutes and was conducted in safe locations preferred by participants (treatnenst cen

or qui et caf® areas). Al | i nterviews wer e
participants' permission.

Interview Protocol
1 Signing of informed consent form before the interview
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f Building rapport and establishing trust relationshii@Gminues)

f Asking main questions and probe questions

f Postinterview gratitude and sharing of contact information
Field Notes

Observation notes were taken during each interview, and details regarding participants'
nonverbal communication characteristics, emotiona&actions, and interview
environment were recorded.

Data Analysis

Data analysis was conducted using Braun and Clarke's (20gf)ase thematic analysis
method with MaxQDA 2020 software:

1. Familiarizing with the Data: Repeated reading of all interviewes &fanscription
Generating Initial Codes: Systematic coding of data in MaxQDA
Searching for Themes: Grouping codes into categories

Reviewing Themes: Evaluating themes for consistency and coherence

o bk~ WD

Defining and Naming Themes: Determining the esseneadi theme
6. Producing the Report: Systematic presentation of findings
Coding Process

All interviews were transcribed in Microsoft Word 2019 and then transferred to MaxQDA
2020 program. The coding process was conducted using an open coding approach,
utilizing invivo codes. Independent coding was performed by two researchers, and
disagreements were resolved through consensus method. Coding reliability was
calculated as 0.84 using Cohen's Kappa.

2.4. Validity and Reliability

To ensure the validity and reliaityl of the research, four criteria proposed by Lincoln
and Guba (1985) were applied. For credibility, member checking was conducted by
sharing main findings with 4 participants, prolonged engagement was ensured through
in-depth interviews averaging 58 mieg with each participant, and triangulation was
applied using different data sources (interviews, field notes, observations). For
transferability, detailed description of participant characteristics, detailed reporting of
data collection and analysis pesses, and presentation of rich descriptions in findings
were implemented.

For dependability, systematic storage of MaxQDA project files, documentation of the
research process, and expert review were conducted. For confirmability, reflexive
evaluation of esearcher subjectivity, transparent documentation of data analysis process
in MaxQDA, and discussion of alternative explanations were carried out. Additionally,
coding reliability was calculated as 0.84 using Cohen's Kappa, and this value was found
to be @ an acceptable level (Landis & Koch, 1977).

2.5. Ethical Considerations

This research was conducted in accordance with the ethical principles of the Declaration
of Helsinki regarding research with human subjects (World Medical Association, 2013).
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Written informed consent forms were obtained from all participants, and the principle of
voluntary participation was adopted. Participants were provided with detailed information
about the purpose, process, and potential risks of the research, and it was eg#pdained
they could withdraw at any time. To protect participant identities, all names were changed
and coded (RP9), personal information was anonymized, and data were stored in a
secure environment. Due to the sensitive nature of gambling disorder, stated that
psychological support services would be provided when necessary in case participants
developed negative emotional reactions during interviews, and relevant expert contact
information was shared.

2.6. Researcher Positioning

The primary researché&olds a doctoraevel education in recreation and has experience

in qualitative research methods. The researcher's prejudices and assumptions about the
topic were monitored through a reflexive journal throughout the process, and analytical
thoughts wereecorded using the memo system in MaxQDA.

3. RESULTS

A total of 9 participants were included in the study. An examination of participants'
demographic characteristics reveals that 7 were male (77.8%) and 2 were female (22.2%).
Age distribution ranged from 18 to 35 years, with a mean age of 22.4 (SD=4.1). Of the
participants, 6 were in the 8 age group (66.7%), 2 were in the-Z3 age group
(22.2%), and 1 was in the 86 age group (11.1%). Regarding educational status, the
majority of participants were university students or graduates. Duration of gambling
experience ranged from 1 to 8 years, with a mean of 3.8 years.

Table 1. Demographic Characteristics of Participants

Code Gender Age Education Gambling Duration
P1 Male 20 University 2 years
P2 Male 19 High School 1 year
P3 Female 22 University 3 years
P4 Male 18 High School 2 years
P5 Male 24 University 5 years
P6 Female 21 University 3 years
P7 Male 26 University 6 years
P8 Male 31 University 8 years
P9 Male 22 University 4 years

An examination of participants' gambling characteristics revealed that the most preferred
types of gambling were sports betting and online casino games.

Table 2. Types of Gambling Engaged in by Participants
Gambling Type n %

Sports Betting 8 88.9
Online Casino 6 66.7
Slot Games 5 55.6
Poker 3 33.3

Data analysis resulted in the identification of five main themes: "Leisure Richness,"
"Digital Drift,” "Social Disconnection," "Quest Endeavors,” and "Rediscovery.” These
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themes reflect changes in the needs for autonomy, competence, and relatedness within
the framework of SelDetermination Theory.

3.1. Leisure Richness

When participants were asked "How did you spend your leisure time before you started
gambling?", 88.9% ofparticipants (n=8) indicated that they engaged in various
recreational activities during the pgambling period. High autonomy and intrinsic
motivation were observed during this period.

P1 described leisure activities as follows: "l was very active gumiy high school years.

| played basketball, we constantly hung out on the court with my friends. I listened to

music, tried to play guitar. Everything seemed more colorful back then." P3 emphasized

social activities: "We were constantly doing somethintgpuy friends. We would go to

the cinema, hang out at caf®s. When | start
| was very social." P7 focused on hobby activities: "I was into photography, | loved it

very much. | shared on Instagram, | was Jveappy when | got likes. | especially loved

taking nature photographs.”

3.2. Digital Drift

With the development of gambling addiction, 100% of participants reported experiencing
dramatic changes in their leisure experiences. This theme reflects the dagsraimy

and transition to extrinsic motivation. P2 described the change process as follows: "After
gambling, | didn't want to do anything else. | couldn't hold anything other than my phone.
| was constantly checking if there were any matches."

P5 describeé the change in time perception: "Hours flew by in front of the phone. | would
start at 10 in the morning and realize it at 8 in the evening. | didn't even know what | ate
in between." P9 expressed loss of control as follows: "I couldn't stop anymore.lWhen
lost, | would bet more, and when | won, | would continue. It's like I'm a robot, | can't stop
myself."

3.3. Social Disconnection

This theme, which describes the effects of gambling addiction on social life, demonstrates
the failure to meet the need faglatedness. 77.8% of participants (n=7) indicated that
their friendships were damaged.

P4 described the change in friend relationships: "My friends call me but I'm on the
gambling site. | say 'I'll come in a bit,' then | forget. They don't even call amyhie6
described the tension in family relationships as follows: "We constantly argue with my
family. Because I'm on the phone, because | ask for money. | just sit alone in my room
now." P8 shared social anxieties: "I have friends from whom | borrowe@ynbdon't

know how to face them. I'm ashamed, | avoid them."

3.4. Quest Endeavors

NP O



LATIN AMERI CA 11th |I NTERNATBEONEBENTCBNEEREREEBRONES
Octolier 2RR26G DE JANEI RO
I SB\NR. 6 2% 840

www.akademikongre.org

During the recovery process, 66.7% of participants (n=6) indicated that they attempted to
return to former activities or sought new activities. This theme reflects effarsneet
the need for competence.

P1 described the experience of returning to former activities: "l tried to return to

basketball but I struggled a lot. My condition was very poor, and my friends were much
ahead. Still, | forced myself." P3 described mawsuits as follows: "I started doing yoga.

| do breathing exercises. It seemed very silly at first, but it calms my mind." P7 described
the orientation toward creative activities: "l returned to photography but this time not to
make money. | just take ptos, | don't show them to anyone. For myself."

3.5. Rediscovery

This theme, which demonstrates the therapeutic effects of recreational activities during
the recovery process, represents theatesfaction of basic psychological needs. 55.6%

of participarts (n=5) indicated that they experienced the healing effects of certain
activities.

P5 shared the mental relief experience: "l started reading books. When | read, gambling
doesn't come to mind. | dive into different worlds, that stress passes in a tiffaseh

P6 described the sense of achievement experience: "l started cooking. It was very bad at
first, but then I started making good things. My family likes it too, | become very happy."
P9 described the process ofgtablishing social connectionsstarted going to the gym.

There are people | met there. | told them | don't gamble, they support me. It feels good."

The analysis results demonstrate that participants experienced systematic changes in their
basic psychological needs during the gamblindi@mn process within the framework

of SelfDetermination Theory. While the "Leisure Richness" theme reflects high
autonomy and intrinsic motivation, the "Digital Drift" and "Social Disconnection" themes
indicate loss of autonomy, extrinsic motivation,dafailure to meet the need for
relatedness. The "Quest Endeavors" and "Rediscovery"” themes reveal the potential for re
meeting these needs during the recovery process. These findings suggest that recreational
activities can serve as an important resour@ambling addiction treatment as predicted

by SeltDetermination Theory.

4. DISCUSSION

This study examined changes in leisure experiences among young individuals with
gambling disorder through a phenomenological approach within the framew8sdtfof
Determination Theory. The findings demonstrate that systematic disruptions occur in
basic psychological needs (autonomy, competence, relatedness) during the gambling
disorder process, and that recreational activities may play a significant rolmeetiag

these needs during the recovery process. Field notes taken during interviews revealed the
emotional intensity and sensitivity participants experienced when addressing gambling
related topics.

4.1. Theoretical Contributions within tigelf-Determination Theory Framework
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The research findings show significant parallels with results obtained by Carruthers et al.
(2006). It was determined that participants experienced high intrinsic motivation and
autonomy during the prgambling period, Wwile amotivation and extrinsic motivation
became dominant during the gambling disorder process. This situation can be explained
by the motivation continuum model proposed by Ryan and Deci (2000). However, the
current study makes an original contributiortte literature by adapting this theoretical
framework to the young adult population.

The "Digital Drift" theme particularly reflects the characteristic features of gambling
disorder in the digital age. Interview notes revealed that participants enteatdcat
hypnotic state when discussing gambling and became aware of how severely their time
perception was distorted. This observation supports the concept of "salience" from the
behavioral addiction criteria defined by Griffiths (2003). The transformafigambling

into life's most important activity and the relegation of other activities to secondary status
represents a concrete indicator of the loss of autonomy predicted Hyebeifmination
Theory.

The findings emerging from the "Social Disconnectittreme demonstrate how the need

for belonging emphasized by Baumeister and Leary (1995) is hindered during the
gambling disorder process. The shame and regret emotions participants displayed when
describing losses in their social relationships were netabhterview notes. Considering

the critical importance of social relationships during the young adult period (Arnett,
2000), the negative impact of gambling disorder on social development becomes even
more pronounced.

4.2. Therapeutic Potential of Reat®nal Activities

The findings obtained from the "Rediscovery" theme reveal the therapeutic potential of
recreational activities in the recovery process. A particularly notable point is the
emotional transformation participants experienced when describgaogeational
activities. According to interview notes, positive changes were observed in the vocal
tones and body language of participants who shared their activity experiences. These
observations support the concept of optimal experience defined byz€&sikshalyi
(1990).

When evaluated within the framework of the "Leisure and \beithg Model" proposed

by Hood and Carruthers (2007), it appears that recreational activities enhanced
participants' coping skills and contributed to identity reconstructi@mg#ificant finding
emerging from interview data is the effect of physical activities (basketball, yoga) on
emotional regulation. This situation can be evaluated within the framework of embodied
cognition theory (Wilson, 2002) and emphasizes the rolemd-mody integration in the
recovery process.

4.3. Unique Characteristics of Gambling Disorder in the Digital Age
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A striking finding in the research is that all participants preferred online forms of
gambling. This preference cannot be explained solegcbgssibility; it also reflects the
digital native characteristics of young adults (Prensky, 2001). The anonymous nature of
digital gambling environments highlighted by Gainsbury (2015) particularly increases the
motivation to avoid family and social prese within the collectivist structure of Turkish
culture.

The ambivalent attitude participants displayed when describing their technology use was
notable in interview notes. While acknowledging that technology led to gambling
disorder on one hand, theiriemtation toward technologyupported activities (digital
photography, online yoga classes) during the recovery process on the other hand
demonstrates that technology can be both a risk and protective factor.

4.4. InDepth Analysis of Cultural Dimensions

The shame and secrecy dimensions of gambling disorder in the Turkish cultural context
deepen participants' social isolation experiences. In interview notes, it was observed that
participants who made references to religious values (P8 and P9) experieticethpa
internal conflict. This situation can be evaluated within the framework of social stigma
theory (Goffman, 1963) and cultural identity theory (Tajfel & Turner, 1979).

It can be argued that the collectivist culture characteristics defined by Ho{4i@80)
cause participants to experience deteriorations in family relationships more profoundly.
This situation, when compared with individualistic cultures, demonstrates that the social
dimension of recreational interventions is more critical in the iShr&ontext.

4.5. Methodological Challenges and Inferences

The methodological challenges experienced during the snowball sampling process reveal
the stigmatizing nature of gambling disorder. The difficulties encountered in reaching
initial participants andhe lastminute withdrawal of some potential participants reflect
societal taboos regarding this issue. This observation emphasizes the critical importance
of trustbuilding processes in future research.

A notable point in interview environments was tpatticipants spoke more comfortably

in treatment centers while behaving more
situation demonstrates the impact of physical environment on data quality and provides
practical contributions to qualitative resgamethodology.

4.6. Evaluation from a Developmental Perspective

When evaluated within the framework of emerging adulthood theory (Arnett, 2000), the
fact that participants’ age group {28) is in a period of identity exploration and
instability illuminates the findings from a different perspective. The negative impact of
gambling disorder on identity formation during this critical developmental period may
affect not only the current situation but also future life trajectory.
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A significant finding emergig from interview data is the performance anxiety
experienced by young participants regarding returning to former activities. This situation
demonstrates the necessity of gradual approaches in meeting the need for competence and
represents a factor that shd be considered in the design of therapeutic recreation
programs.

4.7. Theoretical Synthesis and New Model Proposal

The findings of this research offer the possibility of a new synthesis between Self
Determination Theory and Flow Theory in the contexgarhbling disorder. The findings
emerging from the "Digital Drift" theme demonstrate that the pséodoexperience
during gambling differs from genuine flow experience. This distinction emphasizes the
importance of designing authentic flow experiencaganeational interventions.

Based on the findings of this research, the Recreational Recovery Model in Gambling
Addiction (RRMGA) has been developed and proposed. The model developed as a result
of this study envisions systematically reconstructing threethbasic needs of Self
Determination Theo& autonomy (freedom of choice), competence (gradual
achievement), and relatedness (social conne@ittmpugh recreational activities.

5. CONCLUSION AND RECOMMENDATIONS

This study has revealed the dramatic chareyerienced in leisure experiences among
young individuals with gambling disorder and the potential of recreational activities in
the recovery process. The findings obtained within the framework eD@&timination

Theory demonstrate that gambling dider systematically disrupts the needs for
autonomy, competence, and relatedness. Observations obtained during the interview
process revealed that the emotional transformation participants experienced when sharing
their recreational experiences constitutescrete evidence of the therapeutic potential of
these activities.

5.1. Theoretical Contributions and Model Proposal

This research provides significant theoretical contributions in terms of demonstrating the
applicability ofSel-Determination Theory in the field of gambling disorder. The findings
show how the motivation continuum is disrupted during the gambling disorder process
and the role of recreational interventions in reconstructing this continuum. The research
establi®es a foundation for the Recreational Recovery Model in Gambling Addiction
(RRMGA) and proposes the thrphase structure of this model. This structure consists
of (1) Recognition of basic needs, (2) Gradual recreational intervention, and (3)
Sustainable ifestyle development. Additionally, by bringing a gambling disorder
perspective to recreation science literature, it has contributed to the expansion of the
therapeutic recreation field. The findings obtained in the Turkish cultural context
emphasize theritical importance of the social dimension of recreational interventions in
collectivist cultures and offer a unique perspective to ecafisiral recreation research.
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5.2. Recommendations for Practical Applications

For Treatment Centers and ClinicianseTdevelopment of Sebetermination Theory

based recreational therapy programs in AMATEMSs is an urgent necessity. These
programs should begin with individual assessment, and each participant's leisure history
should be analyzed in detail. A significantding emerging from interview data is that
participants' past recreational experiences serve as reference points in the recovery
process. Therefore, integration of "recreational history assessment” modules into
individual treatment plans is recommended.

A careful approach is required regarding the inclusion of technelogported
recreational activities in the treatment process. Findings demonstrate that technology can
be both a risk and protective factor. Therefore, the development of hybrid recreational
programs that teach controlled technology use is recommended.

For Educational Institutions and Academics: Organizing awareness programs about
gambling disorder risk factors in universities is of critical importance. However, these
programs should be desigheot only with an informatiofiocused approach but also
adopting experiential learning approaches. The "peer influence" factor emerging in
interview findings supports the effectiveness of peer support programs.

The inclusion of leisure educati@ourses in curricula holds strategic importance from a
preventive approach perspective. These courses should be built upon the fundamental
principles of SeHDetermination Theory and should equip students with healthy
motivation management skills.

For Polcymakers and Decision Makers: The expansion of gambling disorder prevention
programs in youth centers is critical for the success of early intervention strategies. These
programs should not focus solely on gambling addiction but should aim to develop
geneal life skills and healthy recreation habits.

Legal and financial support for the inclusion of recreation specialists in addiction
treatment teams is necessary for strengthening the multidisciplinary approach. Pilot
projects should be initiated in this srg, and coséffectiveness analyses should be
conducted. Regarding strengthening access controls to online gambling platforms,
educational approaches should be adopted alongside technological solutions. The "digital
native" characteristic in the findingemonstrates that policies focused solely on blocking
will not be sufficient.

For Recreation Specialists and Therapists: The development of specialized training
programs on gambling disorder is an urgent need. These trainings should encompass not
only theaetical knowledge but also practical intervention skills. The emotional
sensitivity observed during the interview process reveals the necessity for specialists to
develop special communication skills in this field.

Evidencebased protocols should be deysd regarding the adaptation of therapeutic
recreation approaches to gambling disorder treatment. These protocols should adopt the
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principle of gradual intervention and be designed to focus on one component-of Self
Determination Theory at each stage.

5.3.Methodological Contributions and Future Research Recommendations

This research reveals the challenges and solutions for conducting qualitative research
with sensitive populations. The difficulties experienced during the snowball sampling
process emphasizbe importance of trudiuilding strategies in future research. The
impact of interview environment on data quality provides practical contributions to
qualitative research methodology.

The use of longitudinal designs in future research is recommendéduRRaly, long

term follow-up of the recovery process from gambling disorder will enable a better
understanding of the effectiveness of recreational interventions. Supporting qualitative
findings with quantitative data through mixetethods approachesakso recommended.
Additionally, studies on different age groups, socioeconomic levels, and gambling types
will increase the generalizability of findings. Cremdtural comparative studies will
contribute to the development of cultural adaptations of atioreal interventions.

5.4. Social Impact and Societal Transformation

The research findings reveal the necessity of a paradigm shift in combating gambling
disorder. A transition from solely pharmacological treatrfeatised approaches to
holistic and prewvetive models is inevitable. This transformation requires change not only
in the treatment field but also in societal perception.

Particularly, the development of early intervention programs for young adults has the
potential to reduce both individual andcgetal costs. The "identity conflict" factor
emerging in interview findings demonstrates the critical importance of reducing stigma
related to gambling disorder in Turkish society.

5.5. Limitations and Points of Consideration

When evaluating the result$ this research, several important limitations should be
considered. Selection bias inherent in the snowball sampling method limits the
generalizability of findings. Additionally, the fact that all participants were in the
treatment process indicates tleaperiences from different stages of gambling disorder
may not be fully reflected.

Recall bias and social desirability effects that may emerge during retrospective data
collection should also be considered. Particularly, it should be noted that gambling
disorder, being a culturally sensitive topic, may have affected participants' open and
honest sharing.

5.7. Final Remarks

The most important message of this research is that gambling disorder cannot be resolved
simply by "not gambling.” Instead, it is necass to enrich individuals' lives with
alternative experiences that make them feel meaningful, autonomous, and connected.
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Recreational activities constitute one of the most powerful tools in this enrichment
process and can play a critical role in helpingurfe generations develop healthy
lifestyles.

It should be acknowledged that the RRMGA proposed in this study currently constitutes
a conceptual framework and has aspects that need development in terms of practical
applicability. For the model to become ljuready for use, detailed implementation
protocols, standardized assessment tools, individualization mechanisms, and pilot
implementation results must be developed. The transformation of this conceptual
framework into an operational treatment model byreitesearch is of critical importance

for the systematic use of recreational interventions in the field of gambling disorder. This
transformation holds the potential to serve not only as an academic contribution but also
as a practical guide in the recoyg@rocess of individuals with gambling disorder.
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SOSYAL MEDYA ETKKLEYAKOKKR.L BSRTIKANK ! NE Y¥ NEL KK
DEJERLENDKRME

¥Jr. G°r. Dr. G!LKAH KSLAMOJLU
Avr asya | slamogugdsaht@gmsail.conORCID ID: 0006000237854603

¥ZET

Dijitall ekmenin gelikmesiyle ge¢negmgzde So0sSYy
al an yeni i K model l eri ve pazarlama strate]
etkileyicler i 6 mar kal arén ¢r¢n ve hizmetlerinin t
h©l ine gel miktir. S°z konusu faaliyetlerin
hukuk.i stat ¢ye kar kel ék gel di Ji vV e sosya
sayélamaty ames el esi °Jretide tartéekmaktader.
h¢e¢kemlerinde déegzenl enen tacir séfaténéen kaz
amac e, s¢rekl i1k, bajémsézl ék ve esnaf f
etkileyicilerin i n f aal i yetl er i bajl aménda i ncel enmi
katél malé ik birlikleri, mar ka el -ili7Ji V €
model | er i analiz edilerek bu faaliyetlerin
sebeple tacir séfateée dojurabilece]ji sonucun:
s°z Kkonusu sosyal medy a etkileyiciler:i a
kazanél masé, sosyal medya etkileyiayheri a-
zamanda bir di zi hukuKki yéekeml ¢l ¢7 ¢ getirn
tescil, ticaret isnvané se-me ve kull anma, l
ve ticar.i i Kl erde ¢cret il e faizeltiadteip] ietr
Ameri ka Birlekik Devletleridénde (ABD) sosy
Té¢rk hukukundaki Ataciro kavraméndan far kIl
stat¢sende dejerlendirilir; buiyeki lgdster el
Ki Ki ol arak kabul edilir. Vergi hukuku bakEé
sebeple pek -0k sosyal medya etkileyicisi
k¢-¢k T kKl etme yapélaré kurar .i Fkeadpesraanhé nTdiac air
sosyal medya etkileyicileri, crée¢n veya hizn
czelli kle kxkeffaflek ye¢gkeml gl ¢7 ¢ alteéenda ol
zorunl udur . S°zI|l ekme i | irkkaikll eérki nadret aij seed fvnea
anl akmasé taraféo gibi cnhvanl arl a anél abi l
k¢-¢k 1T kKl etme sahibi ve keffafl ék y¢keml ¢l
czetl enebilir. Bu - al é k maalai rs osstyatl ¢ snye dtyiac aert
unsurl aré kapsaménda dejerlendirilip ABD hu
Anahtar Kelimeler: So sy al medya etkileyicisi, tacir,
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ASSESSMENT OF THE TRADER STATUS OF SOCIAL MEDIA
INFLUENCERS

ABSTRACT

With the advancement of digitalization, new business models and marketing strategies
have emerged that are now central to commercial life through social media. In this

context, Afsoci al medi a i nf |l uenmotng brands' hav e

products and services. The question of what legal status these activities correspond to
under the Turkish Commercial Code (TCC) and whether social media influencers are
considered merchants is a matter of debate in academia. This studges<tmielements
necessary to acquire the status of a merchant as regulated in Articles 11 and 12 of the
TCC: the purpose of generating income, continuity, independence, and exceeding the
limits of artisan activity in the context of the activities of sbereedia influencers.
Different working models, such as sponsorship agreements,-beseatl collaborations,

brand ambassadorship, or free product promotion, were analyzed, leading to the
conclusion that these activities mostly have the nature of a conainenterprise and

may therefore give rise to the status of a merchant. However, each social media influencer
must be examined separately in each specific case. Acquiring the status of a merchant
entails not only an economic status for social media inflexsniout also a series of legal
obligations. These include registration in the commercial registry, selecting and using a
trade name, the obligation to act as a prudent businessperson, and the right to demand
fees and interest in commercial transactionshénUnited States (US), where this sector

has developed, the legal status of social media influencers differs from the concept of

Amerchant o in Turkish | aw. They are most|

they are not regarded as company empsymit as individuals acting on their own behalf.
They are considered sadmployed for tax purposes, and for this reason, many social
media influencers establish small business structures to manage their income more
efficiently. Under Federal Trade Comrsiisn regulations, social media influencers are
recognized as endorsers promoting a product or service and are subject to transparency
obligations, specifically required to clearly disclose sponsored content. In contractual
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k

relationships, they may bereferd t o by titles such as fAbrand

by by

partner, 0 or fAsupport agreement party.o
actors who are mostly independent contractors, small business owners, and subject to
transparency obligations.his study evaluates the merchant status of social media
influencers within the scope of commercial enterprise elements and examines it in
comparison with US law.

Key Words: Social media influencer, merchant, commercial enterprise.
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TKCARK KKLETMENKN ANONKM kKRKETE D¥N! k

¥jr. G°r. Dr. G!LKAH KSLAMOJLU
Avr asya | slamogugdsaht@gnsail.con®RCID ID: 0006000237854603

¥ZET

Ticar. i Kl etmenin anonim Kirkete d°n¢Kmesi,
h©l ine gelebil mektedir. Tek kikinin m¢glkiy
g°steacgaemi tiikl et me, bel irli bir b¢eyekl ¢ e
doj maktadér. Artan sermaye i htiyacé, profes
-ekme arzusu ve sénérséez sorumlulujun dojur
-ateséa akoeunmaya y°nel tir. Anonim «kirket.
devrinin kolayléejée ve genik finansman i mkoOor
hukuki zemine kavukur hem de s¢rder el ebilir
bulur. But ebl i J de, ticar.i i Kl etmenin 6102 sayel
uyarénca anonim Kirkete d°n¢gkmesi kurumu el
bul unmayan bir ekonomi k organizasyon i ken
en giekiyxmpéya sahip, t¢gzel Ki kil i kI bir fo
Kirkete ge-ik, i1 kletme sahibinin hukuki sor
dej i Ki mi bakéeéméndan ©°nem arz etmektedir. (
niteli J i tartékeéel makt a, Adevredici ter dejikt
ayr eme iczerinden ticari i Kl et menin t ¢z
dejerlendiril mektedir. Ksvi-re hukukundaki
hukukunda da benimsend i , ti car i i Kl et meden sermaye Ki
sajlandéejé vurgulanmaktadeér. Bor-lardan sor
m. 2020deki ki yéll ék m¢gtesel sil soruml ul
reji mi kara gl aktreg ed meark TTKO6daki °czel d¢
dejerlendiril mesi gerekti i sonucuna var él
d°n¢g¢kegmden °nce doj muk bor-lardan ¢- yel S ¢
Tebli]j ayréca anomirmt Kkr lseothar- dangrgmgm i n
yapéséneéen -ekKitl enmesi, séneérl| e sorumlul u
finansmana erikim kolayl ékl aré ve Kkurumsal
D°n¢Keé megn, tasfiye vy 8yptlerinenledinise de/am etmedinet me ni
sajladéejé ve ekonomi k hayatén dinamijine
sonucuna ul akél maktader. Sonu- ol arak ticar
bor-lul arén korunmasé hedmydcdl griinki rkairmnims a
s¢rdegrmesi a-éséndan -ift y°nl ¢ fayda sajl a
yeni |l i k- bir d¢zenl emedir.

Anahtar Kelimeler: Anonim Kirket, ticar. i KI et me, t ¢r
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CONVERSION OF A COMMERCIAL ENTERPRISE IN TO A CORPORATION
ABSTRACT

The conversion of a commercial enterprise into a corporation may become an economic
and legal necessity. A commercial enterprise owned and operated by a single person with
unlimited liability will require institutionalization oncdét reaches a certain size.
Increasing capital requirements, the need for professional management, the desire to
attract investors, and the risks arising from unlimited liability will lead the business owner
to seek protection under the umbrella of a jsitoick company. Thanks to the limited
liability provided by the joinsstock company, the ease of share transfer, and the extensive
financing opportunities, the business gains a more secure legal foundation and the
opportunity to evaluate sustainable growegmportunities. This circular addresses the
conversion of a commercial enterprise into a jstoick company in accordance with
Article 194 of the Turkish Commercial Code (TCC) No. 6102. A commercial enterprise

IS an economic organization without legal gmerality, while a joinsstock company is a

form with legal personality and the most advanced structure among capital companies.
For this reason, the transition from a commercial enterprise to asjoitk company is
significant in terms of the legal lidlty of the business owner, the transfer of debts, and
the change in the partnership structure. The study first discusses the legal nature of the
conversion, evaluating the problems in the transition of a commercial enterprise to legal
personality throught he di sti ncti o-hypet wennerigiramda f an
changing conversion. o0 It emphasizes that t1l
also been adopted in Turkish law, ensuring continuity in the conversion from a
commercial enterprise to agital company. In terms of liability for debts, the twear

joint and several liability under Article 202 of the Turkish Code of Obligations is
compared with the thregear liability regime under Article 158 of the Turkish
Commercial Code, and it is conded that the conversion should be evaluated within the
scope of the special regulation in the Turkish Commercial Code. Thus, the owner of the
commercial enterprise remains liable for debts incurred prior to the conversion for a
period of three years. Th€ircular also examines the practical consequences of
conversion to a joirstock company, highlighting the diversification of the partnership
structure, the protection afforded to the business by the principle of limited liability, easier
access to finanog, and opportunities for institutionalization. It is concluded that the
conversion allows the business to continue its activities without interruption and without
liquidation, and is an important tool in terms of adapting to the dynamics of economic
life. In conclusion, the conversion of a commercial enterprise into agtwok company

is an innovative regulation systematically grounded in the Turkish Commercial Code,
providing dual benefits in terms of both protecting creditors and enabling entregreneur
to continue their economic activities in an institutionalized manner.

Key Words: Corporation, commercial enterprise, change of type.
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TEND! REK VOLKANI CKVARI NDAKK G! NCEL MKKRO
ODAK MEKANKZMASI|I ¢¥BGERKERE VYRANSFERK:
TEKTONKBL KANKK ¢1 KARI M

MSc., AYKEG!'L RAL&KAN Dr., RSMAKL AKKAYA
Do - . Dr . , HAMDK ALKAN
Vvan Y¢gzenceg Yél ' niversitesi, Fen Bi
aysegul6122@gmail.cond009000642387145
2Van Y¢gzeéncye Yel 'niversitesi, M¢ heno
iakkaya@yyu.edu.tr000000027682962X
SVan Y¢gzeéencye Yel ki Fakgil tesii, M¢hend
hamdialkan@yyu.edu,t0000000339127503
¥ZET
T¢e¢rkiyedbnin dojusu aktif tektonizma ve Vvo
bel gedir Avrasya ve Arap plakal ar e, araser
Mi y os en 0 dRitis-Ziatgirbssr Kkenet KukajJ é& boyunca Anad
bakl amé&kyenl (¢ Kdeformasyonla ilikkil-83 ol ar ak
km y¢ksel me, sé] depremsell ik, farkle tipt
Anadolu Fay Zonugibiy e kabuksal kal enl akma/ késal ma me
olarak, kG y°n¢nde bakl ayan a-élma -atl aklaré b
dojru -ékmaya baklamék ve vol kanizmanén gel
vol kani z mavragyak, v hAar lagprkeentéan -kaértppé k masée il e il i K

d°nemde (M8klmack&lonlly él °nce) bakladejeée d¢k

vol kani k merkezler (Nemrut, S¢phan, Tendg¢r ¢
sahiptirl ery.akBuak-éakl €é3k5ndaOd am y ¢ ksekl i je sahip
i -erisinde bulunan i1 kiz koni i Tend¢rek Vol

meydana gel mi k mikro depremlerin odak mekan
i -in Af etumeYQAret i mMiurBalkiklaemd & éda@ar eamti Bt as

kayétlaré kullanélarak, 22 adet yerel ve kg
(dojrultu, ejim a-eéeseée, kayma a-ése, deri nl
Hesaplanan odak makni zmasé -°z¢mlerinin kull anél mas
civaréendaki geril me transferinin ve deprem
odak mekanizmasé sonu-1larée genel ol arak nor
vol kani k mekea kea] rculvtau éant éml € fay mekani zmas
ve Dojubeyazéet faylaré ile Dbirlikte nor mal
¥zelli kl e seéej kabluok skanh) dCoruilnd nmbk | geerrdielkme (de j
i ncelendkgnindemewlod zi n hkakngne ayl°tnd ni,d ap oyzu kt ai rf €
g°zI|l eml enHiBKk ym,, nGR2 i se negatif geril me | ol
hesaplanan sismotektoni Kk parametreler il e

depremsel larnfédal maytay-aal-@&Kkél mékt er .
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Anahtar Kelimeler: Tend ¢ r ek vol kané, odak mekani zmaseé

FOCAL MECHANISM SOLUTIONS AND STRESS TRANSFERS OF RECENT
MICROEARTHQUAKES AROUND TENDUREK STRATAVOLCANO:
TECTONIC -VOLCANIC IMPLICATION

ABSTRACT

Theeat ern region of T¢rkiye is of considerab
tectonic and volcanic activity. Since the Middle Miocene, following the closure of the

Tethys Ocean, the Arabian and Eurasian plates have been converging along the Bitlis

Zagros Suture Zone, exerting compressional forces on the Anatolian Plate. This north

south compressional regime has resulted in a regional uplift of approximatekm?

relative to sea level, increased shallow seismicity, the development of various fault
systems (e.g., the North Anatolian and East Anatolian Fault Zones), and substantial

crustal shortening and thickening. Concurrently, volcanic activity emerged as magma
ascended through extensional fractures oriented in a-soutth direction. Volcanism in

Eastern Anatolia is thought to have initiated during the Miocene epoch (approximately

11-13 million years ago), associated with the continental collision between the Arabian

and Eurasian plates. Quaternary volmanic ce
Ajrée exhibit both shield and stratovolcano
analysis of focal mechanism solutions for microearthquakes that occurred after 2020 in

and around the twwsone Tendg¢rek Vol cano, whi ch i s :
agproxi mately 3,500 meters within the Van a
parametersstrike, dip, rake, depth, magnitude, latitude, and longituwde22 local
microearthquakes were determined using data from -ttoegonent seismic stations

operatedoy the Disaster and Emergency Management Authority. These solutions were

then used to assess the regional stress rec¢
The results indicate that normal faulting predominates in the region. In addition; strike

sipf aulting iIis observed along faults such ¢
whereas the Tend¢rek Fault is characterized

change maps, particularly at shallow depths1@0 km), reveal positive stress
accumulatn beneath the volcanic center in the vertical direction, while negative stress

lobes extend along a southemstthwest orientation. Ultimately, this study aims to
enhance the understanding of the current se
and i surrounding area through a detailed evaluation of earthquake focal mechanisms.

Keywords: Tend¢,r ek volcano, focal mechanism, Cou
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1. GKRKK

AvrasyaAnadoluUAr a p pl akal ar énén g°receli hareket
deformasyon Biti&Zz agr os Kenet Kukaj é (BZKK) boyunc:
b°l gesinde (DASB), di kkate dejer Kekil de t
neden ol makht gd@endBunge¢negmegzde Anadol u | evlt
aynée zamanda saat y°n¢g tersine rotasyonu K
Anadolu Fay Zonu (DAFZ) boyunca devam et mek

horstgraben sistemlerinden meydampe | e n geni kKl eme b°l gesi o]
Bununla birlikte, Afrika |l evhasénén Avrasyeé
Akdeni z6de Hell enic ve Kébrés yaylarénén ge
civaréndaki dijer tsemkKil ;t O®kthoni FDypjgmeha (¥
Anadolu Fay Zonu (KDAFZ) ve Karleova | -1¢ K
la).

(a)

27.0° 30.0° 33.0° 36.0° 39.0° 42.0° 45.0°

42.0°q

0)
Q
L 39.0°
5 ;
2
=)
2
=
m
- e 100
27.0° 30.0° 33.0° 36.0° 39.0° 42.0° 45.0°
(b) Boylam (derece)
43.4° 43.5° 43.6° 43.7° 43.8° 43.9° 44.0° 44.1° 44%“ .
39.6° % = 5 9.6
o) o
il %N\%&wy
395°| ¢ To { } O \é’ .
¢ “,
39.4 . ‘%,,%’ 39.4°
> direk gy, %
54 \ Tendiirek
3 39.3 ~ Volkam 39.3°
5
& 3920 - 4 39.2°
Ca
39.1° % }la;'ﬁan\\ 39.1°
5 By Sndirds
‘:@, ogpme —
39.0° s \ 39.0°
43.4° 43.5° 43.6° 43.7° 43.8° 43.9° 44.0° 44.1° 44.2°
Boylam (derece)
G°rsel 1. (a) Anadolu ve civaré i-in temel tektonik
dejiktirilerek aléenméexktér). Beyaz okl ar Il evhalarén
2006) . Késaltmal ar: BAGB: BazZKSBitiaZadolos Gemiek| Km& aB €

DAFZ; Doju Anadolu Fay Zonu, DASB; Doju Anadolu Seék
Fay Zonu, KDAFZ: Kuzey-Doj u Anadolu Fay Zonu, KUK; Karl éova | -
Deniz Fay Zonu. Vol kanl aS¢:p hNavh;  vNoel nkraunté , v oTl\k; a nTée,n dS M ;e k
Ajré volkané (b) Tend¢rek Vol kané ve civaréndaki ak
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Anadolu ve civarénén genel tektoni k birlik
ArapAvr asya | @vhealedri @ nhéanr ek et i neti-geseynde m
y°enl ¢ def ormasyonl a Pl kki i ol ar ak °nenm
bul unmaktader . Bu volkani k merkezler g¢ney
Nemrut , S¢phan, Tend¢gbeki ve TRgmdee relkar\akl k
Anadol udéddaki en b¢yeéek Kuvaterner vol kanl ar
kesi minde, me¢ ke mme | Kkorunmuk Kkraterl ere sal
Tend¢grek (3313 m) ol mak ¢ zevrde i ki0 16¢)y. ¢ kB uk o n
kapsaménda, °zellikle Tend¢rek Vol kané ve c
di kkat -ekil miktir. Bu fay ve fay zonl ar é;
Fay Zonu (BFZ), Dojubeyazetr Fada¥é¢ (DFysek 1
tektoni k yapélaréen fay mekani zmal aré dojrul
2018).

Doju Anadolu ve <civar éHidmeglreeymes edd o ke mi-ké sleu
°neml i b°l gel erden bir dean®semmliir . s&8yédgadbg

depreml er meydana gahoi ktir Racatbaheiddberg
Enstit¢se (KRDAE) depredaOR&t gled)] amé@éamr alsemu

gel mik farkl e magnit¢dl erdeki yakl akéek 50,
gesteril mixktir. ¥zell i kl®) ,19BB76Er&alncama nd e
( Mw=7.5) ve 2011 Van depr emi (Mw=7.2) y € K«
bakénda gel mektedir. Bu yekécé depremlere d
Van Fay Zonu gi bi b°l gedeki ut Bebahséedilem ekt oni
tektoni k olaylara ek ol arak, b°l gedeki akt
vol kani k yapélarda yekéecé ya da hissedil eme
meydana gel mektedir. Bu dur umterilébiirlPAlkdn ol ar ak
vd. (2024) Nemrut kalderaseé civaréndaki v ol
(2024) el de ettikleri sonu-Ilara g°re, kal de
bul unan magma odaceéklaré ciyaremedaduddEmemrin
nor mal ve ters fay mekanizmaséna sahip old
vol kani k depaeamjeriyAnhygkaoeitif geril me de
belirlemiklerdir.
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| 0 40<M<49
i 050sMs<59 |
| @60<M<69 |
| Y70sM<79 |

Enlem (derece)

Boylam (derece)

G°rsel 2. Doju An@Qbary@&ildraa £anmdda 1MdOWdana gel er
depremin (1.&kM¢7.99 epi santr dajélem haritasé (KRDAE w

Magnite¢gd deji kimleri farkl é& sembollerl e
Bu -al ekma kapl2abnméndlal, ar2e02®r asénmdaadendar e
meydana gelmik k¢-¢k magnitedl e (1.00MO2.

-%z¢mlerinin hesapl anar ak, b°l genin Coul onm
Dol ayéséyla, yeniden hesaplanan deprem epi s
mekani zmasé parametreleri i1ile Tend¢grek vol kan
dejerlendiril mesi yapél méxkter

2. VERK VE Y¥NTEM
K¢ - ¢k magnitg¢de sahip depremlerin odak m ¢

enstite¢l eri taraféendandégené&lakiak!| enepadwpihak gle
depremin |l okasyon ve zaman bilgilerine ul ak
depremin i | ek en deprem i stasyonu kaydéena da
erikKilebilir. Bu dojrul BadaanAEgeEe VAFAD)I hB
depremlerin episantr padipndekit3biel exeémek ayént Ida
er i Ki mi a-ék «kKkekilde sajlamaktader. G°rsel
b°l gede ikletilen ADCYV, VMUR, |KODAAPvVve DORK,
EATA3-bi |l exen geni kK bantl é& deprem istasyonl a
kermezé daireler) sayeéesal kayéetlaréna eri Ki
detayl e bilgileri AFAD web si tteésnidnad ei nbduilruinl:
ham3bi | exken veriler i1k olarak Seismic Analy
programé ilerbirnktdiemi akxmamaséndan ge-iril di
yazél éménda (Ottemll | er vd. , 2021) okui
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done¢gkKt gr el megkt ¢r . SEI SAN ara y¢/s,;dandask@Bulvene
Sdalgasé il k varexklareée ile birlikte koda ve

42.0° 42.5° 43.0° 43.5° 44.0° 44.5°
40.0°

Enlem (derece)

42.0° 42.5° 43.0° 43.5° 44.0° 44.5°
Boylam (derece)

G°rsel 3. ¢al ékma b°l gesinde AFAD taraféndan i
(mavi .-genler) ve odak mekanizmasé -°z¢;ml eri
daireler) AFAD taraféndan verilen episa
2.1.Depremlerin Odak Mekanizmas ¢ ° z ¢ ml eri : PI NV ve FPFIT
Se-il mik depremlerin | okasyonlaré i-in S
ve FPFIT odak mekani zmasé al gori t-dnall @ga£é kul
hareketinin gelikinin (séeékdbmhéveyadeéni Kl &
crustl. 06den (Laske vd., 2013) referans he
(Reasenberg ve Oppenhei mer, 1985) fazl ar én
-%z¢m il k hareket pol ari tkesai] éddjeikd iémlteorpil naim
i ndirgeyerek ve bir grid y°ntemi kull anél al
olarak, Rd al gas é pol aritelerinden en opti mum -
(Suetsugu, 1998) i se FPRFdAITpadséenzelrdrirnif ak
PI NVode kutupl aradaayame&abi zmbael aAggm¢eg ol
odak mekanizmasé -°z¢;mlerine yardémcé ol ma
-%z¢m¢g hakkénda fikir veraebl |l tutaeael g 2kekba

(Gok ve Polat, 2014).

2.2. Coul omb Geril me Deji ki mi

Nemr ut y a da Tend¢r ek gi bi vol kani k b
aktivitenin tektonik bir s¢re-1l e mi yoksa
b°l ggomnaoel sismik risk potansivyelini anl am,

kal derasénén hemen altéenda ya da yakeén civa
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mekani zmasé tipi yanénda, pozitif/negatif ¢
bagmda ol duk-a °nemlidir. Literate¢grde, Tr ol
Bonal i vd. (2015) ve Gregg vd. (2018) gi bi
gerilme yenilmesi s her hangi bir fayda bir depr emi
dejiemnn akéldejée bir durumda hesaplanabil ir

(King vd., 1994; Toda vd., 2011):

®s= @U ++ &R )pl
(1)

Exkit tplkkatyena y°n¢gndeki  p o zdpdfaytlaki keensaimne ger i
gerilmeyi temsil etmektedirpPg® zenek RkBaseéng® zeeaek baseén-

temsi | eden efektif s¢rteéenme katsayeéeseéeder
vi skoel astiekiéelemahiasgritlknme katsayéséeneéen
3. BULGULAR VE TARTI k MA

G°r sel 46de Tend¢grek vol kané ve civaréendaki
daireler) Ve odak mekani zmasé -%z¢éeml oer i (
Tend¢rek vol kané civarénda, genelli kle norm
gor ¢l mgkken, °©zelli kle kuzey dojuda bul unail
fay tipine sahip depremler belirgindir. B L
depeml eri n nor mal fay bilekenli Tend¢r ek f ay
dijer taraftan, dijer depremlerin dojrultu
fayé ve Dojubeyazet fayée gibi) il idk kil 0 |
kal deral arén yapésal ol arak ejim atéemleée ol

sénérl e oldujunu ifade etmiklerdir.
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w
o
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o

39.2°

39.1°

39.0°
43.4° 43.5° 43.6° 43.7° 43.8° 43.9° 44.0° 44.1° 44.2°

Boylam (derece)

G°rsel 4. Tend¢rek vol kané civarénda meydana g

noktalaré (turunmakdadmiizmd & )( tvier ondak pl aj

-%z¢ée¢mloer i

G°rsel 56de referans derinl ik (7 K m) i
hesapl anan Coul omb geril me deji k-Bprofii haritas
boyunca (saré kesiaklail e ieznya-giantli®fokgretrdidlr men | d &
de g°sterilmicktir. G°rsel 56de g°sterilen
epi santr vV e hi posantr noktal ar éne temsi |
bakéel déjénda (GImeell ohd)ar épéni tviol kgaeén herm
dojrultusunda ol duj unu gestermektedir. Let
jeomorfolojik verilere g°re, Tend¢rek Vol ka
etmi ktir. Ayné zamarnedka,h k rUd tuesrolye r(i2 0il-6i)n  hleesnad|
dejerlerinin d¢gnyadaki dijer aktif wvol kanl e
aral ejéna girdijini i fade etmiktir. Buna
dojusunda bul unan yBalédk gfaly¢ dayezle@mjyurmlr e nda d
pozi tif geril me dejerleri g°ze -arpmakt adyé
Tend¢rek vol kanénéen hemen GDO6su il e -al é@ékma
0-10 km derinli k deBjdeorjlreurlit uasrua sbhéonyduan cvae oA u Kt
(G°rsel 5b) , vol kanén hemen altéenda ve KD
varl éjée a-éeék-a g°zl enleaxdglbielki rv.ol KabtEma&inl Kk ul
y°nl ¢ sékékma tektondnima rajtil mijree eémaljviaeg | &lj &@ma
kuzeye dojru devamAyenéiiamandd adepredmi alt ok
(yexi |l daireler) pozitif gerilme deji kKi mi (

dur um -yw&jae ey ° nl ¢ trapsbed olarak yorurglanabilirl Negatif gerilme
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dejikimleri ise 3 ayreé | ob olarak g°zl emlen
I ki nci negatif | ob volkanén hemen civareéndaé
g°re GD dojrultusundader

Coulomb stress degisimi (bar)
434° 435° 436° 43.7° 43.8° 43.9° 44.0° 44.1° 44.2°

o
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§
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Boylam (derece)
A Coulomb stress degisimi (bar) B

x107(-5)
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0.5

0
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Mesafe (km)

G°rs®©dak. mekani zmasé -°z¢;mleri yapél mék depren
Vol kané vestiwgaséeddpkki mi haritasée. (a) Ort
geril me deBiprmijl {({bYsAré kesikli =-izgi) |
temsil etmektedir. Fay séenéeflamasé Emre vd
depremlerin episantr ve hiposam r | okasyonl ar é riGerimeemsi | et n
dejidilmB" "ile 1*10~5 araséndadér. Mavi alanl

ve kérmezé al anlar pozitif geril me b©°l

4. SONUCLAR

Bu -al ékmada, Tend¢r ek «olakkaniévi ¢ iewnwa mé nkdaaykni

mekanizmasé -°z¢;¢mleri ve Coulomb stress dej

geril me deji kKi mi haritasé ve derinkik prof
depreml erin odak me kani z mas é& k p arl aummé turr eull enru

Geril me dejikimler:i incelendij-ardege 9Y2alli

pozitif gerilme transferinin ortaya -éektefjeé

ve Dojubeyazeéet fayeée civargénzdae ndae npeokz imginfk ¢gne

NTP



CONFEREY,
N
Gy S,

LATIN AMERI CA 11th |I NTERNATBEONEBENTCBNEEREREEBRONES
Octolier 2RR26G DE JANEI RO
I SB\NR. 6 2% 840

www.akademikongre.org

Odak mekanizmaseé -°z¢:mleri Tend¢rek vol kan
temsil etmekteyken, -evre fay ve fay zonl ar
mekani zmasé tipleri dojrultu ateéemllékanér ak
altendaki depremlerin volkani k birimler i1le
yanénda -evre b°lgelerde meydana gel en depr
ve tektoni k k°kenl: ol duj u - éTkeanrdé/méenke vdoel skt ae
kal derasé alteéendaki ma g ma atkktomikvdepgreenkere Kk ¢ - ¢ K
neden olabilirken, -evre fay zonl arénén da
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¥ZET

Bu -aléekma kapsaménda, Muk ve <civareéndaki
gel ecek deprem olukumlare i1 -in istatistiks
bakl angécéndaki sismik aktivite dejikimler
ol mkar énénf malgand ¢ daj el Bdnejner it,ancElml mganol a
tekrarl ama periyodlaré ve depremsellik ora
sapmazZzd ej er i gi bi deprem istatistijinin temel
ad éeénméexter. Muk ve civarénda 2020 yéleéendan
2020 Mw=5. 8) ve 1 Mwku.b@)t aRORr3enil er i, T¢rkiyeo
géncel deprem potansiyelini/tehlikesini ne-t
and i zI er i -in;3112ArKdae&m 20234 yell aré araseén

S¢re3s.eBAK 6 AK enl emi4a8r.i0 ADI o4 0amABrée aras
magni t L@Mwes .i 9 arasénda dejiken 15. 312 dept
magni Mgde] €r.i7 ol ar ak k albdud ] e e d0.040wiafek v e

hesapl anméktéer. -fBekamr$ edaj enlbgmdén gl eo r° nad raim
dejerinden ni speten kK¢-¢ekter vV e buda Muck

edebil ir. Ge-1 ¢/IMNweEkéede Gepr endl.eOr, 1i6-.i5n ve 6
depremlerin orta vadede (~%9,~%&)~%43,6%20 K ma ol a
ve~%11 ol arak tahmin edil mixkktir. Bu be¢yekl ¢k

i se sé3 aw@lyy-aB, y4e3l ,y ed6 vyeél ol arak hesapl an
durgunl uk Ma2a.l7 zal @narnak ayréktérél mék ve 3
kul |l anél méxkter . 2 025Zdyesjl eer I bearkil a(nsgiéscn@inkd ad u ryge
Yedi su ve Kargapazaré segmentl eri araseéenda,
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Varto Fay zonu, Akdojan G°l ¢ fayeée, dda-1¢é& G°

g°zlenmiktir ve Dbu b°l geler gel ecekteki de
yorumlanabi |l ir. Sonu- ol ar ak, t¢em parametr
civaréndaki g¢éncel v e orta vadede deprem

konumaséna katkéda bulunacakteér.

Anahtar Kelimeler: Mukb:dej er i , deprem ol aseéel é&j é&, t ek
durgunluk

A STATISTICAL APPRAISAL ON THE CURRENT AND FUTURE
EARTHQUAKE POTENTI AL/ HAZARD I N MUK AND | 1
(T! RKKYE)

ABSTRACT

In the scope of this work, statistical analyses of current earthquake potential and future
earthquake occurrences in Muk and its surrtr
changes in seismic activity at the beginning of 2025 were evaluated. For pos@uhe

relationships between the basic parameters of earthquake statisticsiswaltuas which

defines the magnitudigequency distribution of earthquake occurrences, occurrence
probabilities, recurrence periods and standard normal deviat@ue, which defines

the seismicity rate changes, were taken into consideration. Two strong earthquakes that
occurred in and around MMw=58 aind &abruazy(l? 0 , on
2023 Mw=5.0), clearly reveal the current earthquake potential/hazatdsimegion of
T¢e¢rkiye. For the statistical anal yses, 15
ranging from 1.0Mw¢6.9 between the latitudes 88 . BAN 6 AN and | ongit L
4 0 . @ R E mveEa period of approximately 90.13 years between Novemb#32,

and December 31, 2024, were used. Magnitude of completittegsiue was accepted

as 2.7 andb-value was calculated as 070/04. This value is relatively smaller than the

suggested value of magnituffequency distribution with the averalgel.0 and this may
indicate an increasing stress in and aroun
strong/destructive earthquakes wittagnitudesMw=5.0, 5.5, 6.0, 6.5 and 6.9 in the
intermediateerm (10 years) were estimated-&¥%, ~75%, ~43%, ~21% and~11%,

respectively. Recurrence periods of the events with these magnitudes were calculated as

~3 years,~7 years, ~18 years,~43 yeas and~86 years, respectively. For seismic

quiescence analysis, a catalog that was declustered by consMeitng . 7 and i ncl ud
3471 earthquakes was utilized. At the beginning of 2025, |Zrgalues (seismic

quiescence areas) were observed between ¥ed and Kargapazareé sec
around Bing©°l and Kavakbaké Faul't zone, i n
faul t, Ha-1é& G°1l ¢ fault and Mal azgirt faul
possible areas for the future earthquake occurrerkgsa result, appraisal of all

parameters together will contribute to revealing the current and intermesiiate
earthquake potenti al and hazard i n and ar ou
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1. GKRKK

Depremsellijin b°lgesel ve zamana bajl é de’
deprem istatistijindeki en °neml. uygul ama
dej il dir Ve ni cel bir deprem tehlike dej
taneambhaé i -i-Rchnebdiehberg fDcd&&ialti pboguandart
sapmaZ-dej er i, geril me analizleri, depreml er i
periyodlaré gibi farkleée depi kapal makt amodel (
Ogata vd. , 1991; Chouliaras ve Stavrakaki s,
Al kan, 202 3; Ti nti ve Gasperini, 202 4; Al k
deprem tahmini/ kestirimicf¢ni Kdie] kekml dee yapel
gzl eml edepr(em aktivitesinin i statisti ksel
i statisti ksel bir tabana oturtul abilirse, I
potansiyeli/tehlikesi i-in olduk-a °neml:. h

T¢r ki yeotne nt sniskmnoa- eédan d¢gnyanén en aktif b
buna bajl é olarak T¢rkiyedonin farkl é zonl ar
koyabil mek i-in -0k sayéda araxteE&gmiai ya@rei m
Doju Anadolu B°l gesi ( DAB) g¢é¢-1 ¢/ yekécé de
potansiyele sahi pAhadauAr BpBboprdbalAharaesgn gor e
ve Bitlis-Zagros Bindirme Zonu (BZBZ) boyunca meydana gelen deformasyon, bu

bPgede ek tektonizma ve sismik aktiviteye

sonraséndaki art-e koklareée, Van G°l ¢ havzas
rejimiyle 11 ikkild@ °neml i tektoni k aktivit
zonuK B Z2) ve Varto Fay zonu (VFZ), Muk ve ci
sahiptir. Muk i | ve -evresindeki bazée ©°ne
Kazbel, Akdojan G°I ¢, Ha-1¢é& G°1l ¢, Nazi k G°
verilebilir. Ayré ca, Kar gapazar &, EI| mbidegKulpue Kazlukée ov a, |
gi bi bir-ok segment de bu ana faylarén har
tektoni k yapélaréen faylanma mekani zmal ar é
fayl anemamgiltsadi r (Emre vd., 2018) . Dol ay és
tektonije sahiptir ve yakén ge-mikte -o0ok sa

depremlerden bazél-Mataggirt M@®. ™N,i sraoamelmt0 3mavurki t ¢
May és 1Waté (Mwbu.k9 ) , 19 Aj tarto Me6 .18)6,6 Ml kMay é s

Bi ndgvwwb 9( , 1 May éMw6.240)0,3 8Bi Magrotl MvwweD)e®ovancél
Haziran 20@W5 6Bi ndépr e(ml er i ol ar ak verileb
i niversitesi, K®&eor emi ARagsadaEhanmae&nsvet ¢s¢) .
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Boylam [derece]

G°rsel 1. Muk ve civareé i-in ana tektonik yapél

Emre vd., 201806ten aléenméxter. F: Fay, Fz
Bu -al éeékmanén temel amaceée, é2n0d2a5k iy édleép r beanxsied |
b°l gesel ve zamana bajl é davranékl|l aréné an:
farkl e Dbir bakék akéséefsekhkampngkt érerBpunon t a
dejeri, depremlerin geri dRhakegmveesi gymdkad
Zdej eri gi bi i statisti ksel parametrel eri |

Kstatisti ksel -6aWianher, 2001¢, cCoulorBi4 r{Toda via RO11) ve
Generic Mapping Tool s, GMT a(n\ed sneeexIt éewd . ,E| 2]
bul gul ar yalnézca deprem davranékl|l aréeneée t

al anéndaki deprem ol ukumlarénén anl akél maseé
parametreler Muk ve <civaré e-pgel edecpkteen @lon
muht emel depreml erin b°l gesel vV e zaman b

sajlayacakteéer.

2. VERK VE Y¥NTEM

Bu -al ékmada, istatistiksel analizMwri ger -
g°re homoj eknathailrojdue pkruelm anél mékt ér200e bu ka
yeéllaré araséndaki deprem veri si Tan (2021

2025 yéllarée araM@ndcdahyer &lé sma&gniste, dkeRDAE v
(http://www.koeri.boun.edu.s/i s mo/ 2/ tr /) t e2mMi2ns eydeil Il nairkét iarr. e

Mwégére homojen bir katalog hazeérl ayabi |l me
baj éMw=£017tM_-0.012 kul |l anél mék t2e0r2.5 By°eyl |l eacree, alr%
T¢e¢rkiye ve civermd di--iemr efd D.ilr72vedaprset i el d

-al @ékma alanéndaki depr 8l &r aséki 2M0i2d wyel 12
yakl akék 90.13 yeéell éeks bBAK BAKamnndielmil mir i i ve
43. WA I aml ar é¢tMad6a 9€ rad aa s EIn®l.a3 1d2e | d ekperne mi i - e
katal og hazérl anmektér (G°rsel 2).
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50

{0 Mw<3.0
'@ 3.0<Mw<4.0!
O 40<Mw <50
@ 50<Mw<60!
6.0 <Mw l

Enlem [derece]

. Boylam '[derece]

G°rsel 2. Muk 2626i yatl &€ addw<a®dad BHRBXP depremird
episantr haritaseé. Magni tg9s tderfii Ikmind teirri . f ar

21lbdejeri (RGwthdrebbeMcd é k& isi (0t aml ék magni t ¢«

Depr eml er Hnr enkaaginsi td¢adf €1 € meée Gutenberg ve
°nerilen ampirik i1li«kki Il e tanéemlanér ve a

log,oN(M) =a — bM (1)

GutenbereRichter (GR) I | ilxdkeijseirnii nol ar ak MNM);l i nen b
magni Moddeen begyeéek veya ompateakt odoépnerhledrnird
sayéawedbare] er| er i il i kaldie] Eat sadedPplramé aklt o p,t

alanénén boyutu WVdekat &Rl o Fax®s s esin ielj e mi
bdej erindeki dej i Ki mleam er k p- g | atektobile ¢ land a |

ortamlarén ©°zellikleri ve gerilme deji ki mle
jeoloji k karmaka, -atlak yojunluju, mal zeme
fay uzunl uju viemas o awk wll Imar, € ,y aamtuem daj él e ml &
t er mal gradyan gi bi Iledretjaemméin ¢dzegriiknedne C°ezteklilli

-al exmalegareeé ) nin farkl é tektonik zonl ar i -
g°sterdi] badeijneimir tislearha 0O ci varénda ol dujunu
ve Davis, 1993)b-dej eri nin tahmininde ve depremsel i

gevenilir sonu-1lar i -1in -ok sayéeda veri k ul
magni Mgdé& neml ipabametredir ve anal iMe-l erin ©
dejeri, bir deprem kaydéneéen en k¢- ¢k ma ¢
hesaplamalarda verinin %5 6 i ni n t emsi | edil ebil di7ji de

magnidepdem sayeéesa&l aaglédreane npaplalyér ( Wi emer
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2.2. Deprem olukma ol aséléejée ve tekrarl am

GR il ikkisi deprem istatistijJinin temel
gel me ol aséel ekl ar énén vV e tekubhl baembhérp.er By
d°nemlerde ve farkleé b¢yéekl ¢kl edqRdaHlii kétegi e
kull anél arak akaj édaki denklemle verilir (T

.P(M) =1— e—;'\"l:;'slexTJ" (2)

BudenklemddP(M) ; en azeéndan Toper ide@dlear éan daeklii r

ol aséelNd eedede] er | er i 1. denkl emden el de ec

daj el eménénNN)i rayirféacdae s iydésl a yoel saérnaek iof |l aadyel aerdeenr

birlikte, bel ir i b¢yeéekl ¢kt eki her hangi bir

akajeéedaki form¢glle verilir (Tabban ve Gen-o
Q =1/N(M) 3)

BuradaQ; bir depremin tekrarlMaypa peirtywvdudan

b¢yéek olan bir depremin olukumu i -in tahmin

2. 3. Ayréektérma i kKl emi ve deprZzmsellik o
dejeri)

Depremsell ik oran dejikimlerinin anali z
edebilmeki - i n katal oglara ayreéexktérma i KI| emi uy
birbirine bajémlé b¢gten olaylaré her bir g
deprem ol arak kaydedilir. B°ylece, °nc¢ KoOK
baj eml e ve bajémséz ol ayl ar birbirinden ay
ayrekteéereéelabil mesi i -1 n, R e aZdVidRybaezr égl &(mléeo9n8d5a)
mevcut ol an ayréktérma algoritmasé kull ane
hipotez i ik kez Wy s s vV e Haber mann (1988) t

aktivitesinde ©°nendMAPtbeikrnidgzal éneép riefna daek te dve r
ol an durgunl uju ort ay aZtegtio(staadait hommlksapma),i n Kk ul
standartsapmai r i mi nde g¢ven d¢gzeyinin istatistik
LTAt) fonksiyonunu (Long Term Average, Uzun

Z(f) _ . Rtl’im_ﬁvlal (4)
wll{.SEﬁmmem)‘i'{_Sa’:waI)
Budenklemdé: ;;m t ¢m periyodl ardaki ortal ama ak
Rui; d¢keneglen zaman aral éjéendlakwe Sipbu al ama
periyodl ardaki deprem yojunl uM ,Medlmikesi yonl a
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°l - ¢l en sismik aktivite orané i-in 2rnekler

dej eri (sismi k durgunl uk) zraéra lond elarak i r dej

tanéml anér

3. BULGULAR VE TARTI k MA

Bu -al ékma, 2025 yeéelé baklangécénda Muk Ve
hakkénda istatistiksel olarak bir ©°n dejerl
b¢yeéekl ¢l 8&riaras@enda dej i kmeX.tOe dama svéen dbag ydiek]
depremlerin sayésénda beMwB.@adlanl12ly68depram,t é Kk o |
3.0¢Mw<4.0 olan 2188 deprem, 4BIw<5.0 olan 292 deprem, %PIw<6.0 olan 54

deprem, Mw26 . 0 ol an 10 deprem mevcMw=tbur9odwver .en

Depreml eridnr enaagms t g@d-Réeli d m&bkdegienGin G°r s el :
veril ndea«ijtenmi tem depremler i Il -eren orijine
magni MegR¢ 7 al énar ak maksi mum °0.64 alarakl é k y©°
hesapl anméxkteéer . G°rsel 30te-RgPriegkHdipi ol bi
Kekil de temsil edi |l mektedibrdeyer heismplla®am
°neril di

I Jji dikkate al éendéj] éndas,eynias peaut @rurkuyg
Muk ve civaré i1 -in artan bir gerilmenin var

h

k.
—]

4$nnnnmguu

10

Mal«mmum Olashk’ Tahmm: ,
CECHE T 04y acdegeri= i 48
F-hamhk: Mﬂgmtuuu = Z A 3 1
10 . i r : ; : i

1.0 1.5 2.0 2‘% 30 3‘5 40 4‘5 50 55 6.0 65 7.0
Magnitiid (Mw)

Kiimiilatif deprem sayis1

G°rsel 3. Muk ve civareéeRdaki bdepibdmpakti viet esii
standartadajpdicaised ,eri ve standart s aipknmaisré. Keki |
Muk ve <civaréndaki t¢e¢m deprem aktivitesi

ol asel ekl aré ve tekrarl ama pledd yydall aagaG@mc
zaman ar al~@8HI08&r ariasiemd® dedlixedal gagksreE Dl U
aral ejendaki depremlMax5.i5 i m¢ ytéakhlngijng nedceikli mi bki
far kl é Tr periyotl ar énd-d@%li00 olaurkansae n @ & a sdéelj
g°stermektedir. El dBMlw=6dD| en6. Bulvgeuklara gy
depremlerin orta vadede ( +%43,y%®%41lve~%lluk ma ol
olarak tahmin edilmiktir. Bu belirl:i magn i
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dejerl eri I -in farklée Tr periyodl|l aréndaki
edlebi l ir. Ayréca t¢gm magnitegd seviyel erdi -
4bdébde verilmiktir., Yakl akéek 1 MwlOléd&n daha
araseéendaki depr enltldr yie-li nmr@®2ZIinadmi rtkeeknr,ar | am

depremler Mw=4.55 . 7 arasenda dej] FrIOB M gy &bt earnmeeské ned
tekrarl amavwipbeab6i $oalr at e] éndaki depremler i -
yél dan daha wuzun tekrarl aiwa6 p&oi godhppsbktabpi
edilen bulguh r a  yW=r6e., 0 , 6.5 ve 6.9 be¢gyekl ¢] éndeki
periyodl ar €1 8i sy43l sy @3ldbs eygella ol arak tahmin edi
magnit¢gd dejerlerine ek olarak begteéegn magni

Gorseltdbmdernedil ebilir. Sonu - ol ar ak, bu t
potansiyeli/tehlikesini ortaya koymada biri
101[\I ! ! : ————
\a) ‘\
- e
= =10y
T AN
- — Tr=50 y1l
g | \
% —Tr=80 w1l
= —Tr=90y1l
Tr=100 )'.ll
10' :

T : : : T r
1.0 15 20 25 30 35 40 45 50 55 60 65 7.0
Magnitiid (Mw)
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e f
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T : : ; T ; T T T T ;
1.0 1.5 20 25 30 35 40 45 50 55 60 65 70

Magnitiid (Mw)
G°rselTr4=10(,a)20, 30, 40, 50, 60, depremeBnNO, 90 ve
oo ukma ol aseéel éklarée. (b)) Tekrarl ama pe

Sismik durgunl vkO2ammay élzlidwOa i @r add@mda opl am

depr emi i -eren ver.i setine ayr ekt er ma I K
(°2 3. 86) kat al egdea2. -~ ékabéal meéedti | er ek, ayr
i -eri Mw<n2d efrkiol an 8188 deprem de katal ogdan
Mcdej er i di kkate al enar ak yapéel an -ékar ma
Y~77. 33) deprem katZdleggedan h-eeskadréé liméikn v3ed 7 1
homojen ve tek d¢gze bir veri seti el de edi |
dej eri haritasé OLdeajseri 5hhdrei tvaesrén éwinoalt u Kt. ur
bel ges3D. W2ARIAi k grid araleéeklaréna b°l ¢nm¢k
Tw=5.5 yél ve buna bajlé olarak ta kesme za
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ger ¢l dej ¢ gi bi, 2025 yeéelé bakxlangéedénda si
edi |l miktir. Bu b°lgeler, Yedi su ve Kargapa
(B B°l gesi) ve Kavakbake Fay zonu (C B°l ges:s
Akdojan G°1l ¢, fayeé, Ha-1é& G°I| ¢ f ayiebillivwe Mal az
Sonu- ol ar ak, 2025 yél é baklangeéecé itibari.
gel ecek deprem ol ukumlaré a-é&seéendzesti °neml
sonu-|laré Muk ve civareé i-in geflbebekideptle
géevenirl i lijini artérabilir.

(LTA); 1934.8638 - 2024.9746 - kesme zamani 2019.4746 - Tw = 5.5 yil
i L —

3

2
B
2 g
<3 £
£ N
2 :
<)

-2

-3

400 405 410 415 420 425 430
Boylam [derece]

G°rsel 5. B°lgesetepesm)k d0rfuwEBlLUE b@AZkl angécénda
bel gdé&IBeGd,DeB «keki | czerinde g°sterilmiktir

¢tal ékma kapsaménda i st at i-ektonikparametratel,@ta ak de]

vadede deprem potansiyeli/tehlikesini bel ir
¥ncel ve Wyss (2000), Pol at vd., (eéh008) , ¥
-al exmal abrddeaj,erd ¢ kKi¢glke t emsi | edil en bir bol
ol abilecgfiejeyichsaekahi p alanl arén ise yakeén
i -in en olasé b°lgeler ol abil eaejml erf ada ne
tahmin edilen yakl akék %5006denl 0Ob¢yyed k galbuk noe
vadede tekrarlama periyodl ar é, Muk ve <ciyvVv
tehli kesinin y¢ksek ol dujunu ort agrmdakoy mak
ye¢kZe&jerlerini g°zlendiji Yedisu ve Kargap
Fay zonu, Varto Fay zonu, Akdojan G°1 ¢, H e

al anl ar orta vadede deprem ol ukumlar é -
Dol ayéséeyl a,e kftaornk Iké pairametrel er araseéendaki
deprem potansiyeli/tehlikesinin t ahmin edi
deji kimlerin g°zlendiji bu b°lgelere dikkat
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4. SONUCLAR

Bu -al ékmada, Muk ve civareée (T¢grkiye) i -1 n
deprem tehlikesinin belirlenebil mesi amacey
aktivitesinin davraneéexl!l ar é ortaya konul ma
istai sti jinin en s ék kul | atekibohikkmd efp @ m &a me tsriesl neir
durgunlukz-d ej eri , depremlerin olukma ol asél ékl ar
i kki |l er anal i z edil erek bu parametreler
ol ukum@ln & nzambdnbgeai t ¢ d ol ar ak t ahmin edi | me
araktéerkKasltra@utsédn ksel -2a00m&bl iywdlelrariée- iar als®h4 ak
1.0Mwe6 . 9 ar al ejlé&dn@dd 2d ejeipk @ mi i -eren, yakl ak:
38. BAK6AK enl em3veADIODb ikamwinadrad i deprem
kull anél mékteér. ¢al ek 2al/amabkdéer aerr@Od0a. nyl7&6 k

ol arak hesap!l abrdneg ketré+h.d@Pr tfalsgpma en k¢ - ¢k ol
b°l gedekmagmdgweld! ¢ deprem ol ukumlaréyl a il
b°l gedeki artan geri | mdw=5da35 6. & nwva 6.9 Kar et
beyekl ¢ ¢éndeki depremlerin 10 ¥@®7~%75 eri sind
~0043,~%21 ve~%11 ola a k , bu be¢gyeéekl ¢kt eki depreml erir
sér as3eyyrdal y-&@B, y4e3 ,yed 6 vyweel ol arak hesaplanm

bakl angécénda, Yedi su ve Kargapazar é segme
zonu civar énadmy, VAkd o] #grmyG° Il ¢ f ayé, Ha-1¢é& G
i -eren al anl ar da si smi Kk durgunl ukl ar g°z
depremsel liji, hesapl anan deprem tekrarl am
alendej énda, 2025 yadedeti(baOi yelée omagnit ¢
depremin meydana gel me i hti mal:. ol duk-a yg¢
parametreler araséendaki ilikkiler Muk ve c
potansiyel i/t elplriekme shi°nigrelvee ionlians & adhmi ni nde
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ABSTRACT

The Internet of Things (loT) has accelerated the widespread adoption of monitoring and
control systems across various industries by enabling devices to communicate with each
other and generate meaningful information. This article addresses an embedeled syst
solution focused on developing ldéased remote monitoring and control mechanisms.
The developed system utilizes an STM32F407VGT6 ABAded microcontroller and a
SIMCOM A7670E GSM module to provide re@ine data transmission and monitoring

via an MQTT(Message Queuing Telemetry Transport) broker. Precise temperature and
humidity measurements are performed using the SHT30 sensor, built on a CMOSens
sensor chip, while bidirectional communication capabilities, such as visualization on the
NodeRED platformand remote RGB LED control, are integrated. This study offers a
low-cost, lowenergy, usefriendly, and flexible solution that combines embedded
systems with 10T, highlighting its application potential in fields such as agriculture,
industry, and secuyit

Keywords: STM32, ARM, IoT, A7670E GSM Module, MQTT Protocol.
1. INTRODUCTION

The Internet of Things (IoT), one of today's most popular and rapidly developing
technologies, is having a profound impact on every aspect of our lives. 10T solutions are
used across a wide range of platforms, from smart home devices and industrial automation
to health monitoring systems and smart city solutions, and this technology offers
significant advantages such as increased productivity, more efficient use of resainidce
improved quality of life [1]. This technology integrates the physical world around us into
the digital environment by establishing a constant connection between devices.
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Achieving high performance and low power consumption in-ba$ed embedded
sysems is critical to the successful implementation of this technology. The STM32 series
of ARM-based microcontrollers offers high processing power and flexibility to meet
these requirements, providing an excellent platform for 10T applications [2]. These
microcontrollers enable integration with a wide range of peripherals while also providing
energy efficiency, enabling lorigrm operation of IoT devices. These advantages offered
by the STM32 make systems more reliable, functional, and efficient, and opdievize
performance [3].

The capabilities provided by the 10T, such as efficiency, remote control, and automation,
have become indispensable for both individual users and industrial applications. For
example, in an lobased application developed for thettbry management system in
electric vehicles, an STM3Rased microcontroller was integrated for +iale
monitoring of battery parameters and transmission of data to the server. Supported by
4G/LTE technology, this system ensured fast and reliable datantission [4]. In a
similar study, a smart bird cage developed using ESP8266 and STM32F4 series
microcontrollers provided a usétendly experience by optimizing the cage environment
with 10T control [5]. In another study, the authors proposed fielditmamg and control

of manufactured medical refrigerators via the ESP3ZFWhnodule [6]. In the designed
system, a medical product installed by the end user can notify the manufacturer of any
errors and provide redéilme tracking. Such projects demonstrétte potential of 10T in
critical areas such as healthcare, the environment, and energy.

Studies developed in the healthcare field have become particularly interesting. In one
study addressing the drawbacks of #ti@le disease monitoring itraditional disease
diagnosis and treatment methods, the authors designed a wearable wireless body area
network monitoring system based on the HJpawer, highspeed STM32 processor [7].
Another study proposed monitoring human vital signs in real timerandmitting them

to users via mobile devices. The system, consisting of a pulse and oximetry sensor, a
temperature sensor, and a pressure sensor, transmits data wirelessly [8].

Meanwhile, in a study developed in the environmental field, an STM32F4
microcorroller-based system designed to monitor the environmental conditions of 5G
base stations combined temperature, humidity, and particulate measurement modules to
achieve effective environmental control [9]. These projects demonstrate that the IoT
offers significant benefits in every aspect of life and will have a broader impact in the
future.

Because wireless communication is primarily used in-da$ed embedded system
applications, connecting devices to the internet is a fundamental component of the system.
SIM card modules play a critical role, especially in applications requiring connection via
mobile networks [10]. In this study, the SIMCOM A7670E GSM module was used to
enable 10T devices to communicate with cldaased platforms. With its wide network
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coverage and reliable connection features, the A7670E module meets the need for real
time communication over mobile data.

The system's communication protocol is the MQTT protocol. The MQTT protocol is a
lightweight and efficient protocol designed for 10T d®8, enabling data transfer with
low bandwidth and energy consumption [11]. Integrated with the A7670E module, this
protocol allows the system to efficiently perform bidirectional data transmission. The
flexibility and reliability provided by MQTT, partidarly in remote monitoring and
control scenarios, increases the scalability of 10T systems.

The NodeRED platform was chosen for data visualization and remote control. By
offering a useffriendly interface and powerful visualization tools, N&RIED simplfies

the process of visualizing and controlling réatle data from 0T devices [12]. This
platform offers an accessible solution for both technically savvy users and end users.

The aim of this study is to develop a reliable, Jowst, and energgfficient
communication infrastructure for leflased embedded systems. The components and
protocols used enable the integration of embedded systems with mobile networks, while
also aiming for high accuracy and low latency in data transmission. The system obtained
as a result of the study is aimed at providing a model that can be widely used in
applications such as remote monitoring and control.

2. MATERIAL AND METHODS
2.1. Material

In this study, the embedded hardware and software components that form the basis of a
loT-based system were carefully selected and integrated. The system design utilized
various hardware components, including the STM32F4DT&C1 development board,
SIMCOM A7670E GSM module, SHT30 temperature and humidity sensor, and RGB
LED. The integratin of these components aimed to create a flexible;clost, and
energyefficient system that meets the requirements of IoT applications.

The STM32F407&DISC1 development board offers an ideal platform for IoT
applications with its higiperformance ARM Caex-M4 processor. This development
board provides the processing power needed in embedded systems while offering
flexibility in system design with low power consumption and extensive peripheral
support. This board is particularly suitable for applicatr@agiiring simultaneous control

of multiple peripherals, and its high data processing capacity ensures reliable and fast
operation of 10T systems [1].

The designed system uses the STM32F401SC1 development board to provide
interaction withperipherals. UART (Universal Asynchronous Receiver/Transmitt€r), |
(Inter-Integrated Circuit), and three output pins are used in this context.

The SIMCOM A7670E GSM module communicates via UART at 115200 baud, while
the SHT30 sensor transmits data at kB2 via the ¥C bus. Additionally, three output
pins are assigned for controlling the RGB LED. This structure is designed to efficiently
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facilitate data communication between various sensors and modules. The SIMCOM
A7670E module is a communication solutioptimized for scenarios requiring mobile
data connectivity in IoT applications. It offers wide coverage and high data transfer
speeds thanks to 4G LTE support. Low power consumption and reliable connectivity
make this module an ideal choice for enesgysitive applications. Furthermore, its
extensive AT command set allows users to customize the module and easily integrate it
with various 10T protocols and platforms. With its robust connectivity and compatibility,
the A7670E ensures uninterrupted perfanoein reatime data transmission.

One of the most significant problems encountered in 10T systems is the need for a local
network if the system doesn't provide internet access via a SIM card. If the end user
doesn't have a local network connection t@neeinternet service, the IoT system cannot
function. The SIMCOM A7670E GSM module used allows 10T devices to connect to the
internet via mobile networks. Communication between the module and the
STM32F407GDISC1 card is implemented via AT commands over WART protocol.

This integration enables reliable transmission of-tiea¢ data and communication with

a cloudbased broker via the MQTT protocol.

The SHT30 temperature and humidity sensor was selected to measure temperature and
humidity values. This seor offers increased intelligence, reliability, and improved
accuracy compared to its predecessors. The sensor includes advanced signal processing,
two userselectableC protocol addresses, and functionality supporting communication
speeds of up to 1 MH Therefore, data exchange between the STM32FHIBE 1 and

the SHT30 sensor is implemented via @@ protocol. fC is widely used in senstxased

IoT systems due to its low pin count and hgpeed data transfer.

An RGB LED module is used in the systéon visual notifications and user interaction.
This module is controlled via three digital output pins from STM32F4DT&C1. The

color combinations are configured to indicate the status of the 10T system and provide
feedback to users. The purpose of gsRGB LEDs symbolizes the use of different
outputs within the control structure. In this context, a temperature and humidity
dependent device can be operated for each output in smart home systems.

2.2. Methods

The core functions of this study are implensehton the STM32F407VGT6 series
microcontroller. The STM32CubelDE code development environment was used for
software development, and the embedded system software was created using the STM32
HAL (Hardware Abstraction Layer) library. The HAL library facitiés the management

of peripherals on the microcontroller by providing a hardwadependent abstraction.

The STM32 microcontroller transmits temperature and humidity values obtained from
the SHT30 viaiC protocol to the A7670 GSM module via AT commandsrdJART.

The A7670 module then transmits sensor data to an MQTT broker over the cellular
network. The SIMCOM A7670E module sends a series of AT commands to initialize the
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cellular network connection and configure basic settings. The response to eaclmdomma
is then checked to determine if an error has occurred.

After establishing a cellular network connection, data arriving via the MQTT broker is
observed on the debugging screen. There are three message tags and message content.
Each tag represents the @othe motherboard wants to turn on or off. If two colors are
received, the RGB LED displays the combined color. The information that the red color

will be active in UART communication via AT commands. The information returned

from the A7670E module as arig string structure is distinguished from each other by

their tags.

MQTT is a lightweight, lowbandwidth protocol that is widely preferred, especially in
loT applications. An MQTT broker is a server that enables communication between
devices operating vitthe MQTT protocol. MQTT uses a publish/subscribe model for
data transmission, which efficiently organizes communication between devices. The
broker, the central component of the MQTT protocol, is the server responsible for data
transmission. It receivasessages sent by publishers and forwards them to the relevant
subscribers.

NodeRED platform provides a visual programming environment, allowing users to
easily create flowcharts that enable data transmission, control, and monitoring between
devices. Flowsire visual components that represent communication between devices and
enable management of data transmission, processing, and control processes. With Node
RED, users can quickly define and control data flow between different devices, APIs, and
online sevices using a visual interface.

By combining all the hardware and software mentioned in the Materials and Methods
section, the targeted lelased embedded system was achie¥glire 1 shows the
overview of the prototype created using the STM32F40ISC1 development board,
SIMCOM A7670E module, SHT30 sensor, and an RGB LED.

Figure 1. System setup
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3. RESULTS AND DISCUSSION

On nodred control panel temperature and humidity values can be observed graphically

via remote access, as seerfFigure 2a Additionally, three color buttons allow you to

change the desired color values. For example, asséguie2a, t he fARleWd® o and i
color information is sent to the STM32 board via the MQTT broker, and the RGB LED

on the motherboard bdigweles TReuiApPLep|l eascelkd
returned to the interface as a respofiseo types of graphical displays were chwose
instantaneous and recorded data. For exanfptyre 2b shows the instantaneous

humidity value within acceptable limits, whileigure 2c shows the humidity value

outside acceptable limitEigure 2d shows all the information recorded up to that date.

Clicking on the graph displays the current value, as shoWwigure 2e In Figure 2f, the

color information sent to the A7670E module via the MQTT broker is displayed, while

in Figure 2g, the responsaformation sent via STM32 is displayed.
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Figure 2. Screens a) NodRED control panel, b) instantaneous humidity, ¢) humidity value
outside acceptable limits, d) humidity information recorded up to that date, €) humidity
current value, f) RGB lighting control ve g) response of STM32.

4. CONCLUSION

In this study, a reliable, lowost, and energgfficient communication infrastructure was
developed for loTbased embedded system applications. The developed system aims to
increase the effectiveness of wireless connectivity, a critical component for 0T
applications, by enabling loT devices to communicate with elmagkd platforms over
mobile networks. The SIMCOM A7670E GSM module used in this context stands out
with its wide network coverage and reliable connection features. The moduléimeeal
communication capabilities over mobile data increased the system's performance and
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sustainability in various application scenarios. The MQTT protocol used in the system's
communication infrastructure stands out with its lightweight architecture optimized for
IoT devices. This protocol, which meets the requirements of low bandwidth and energy
consumption, ensures the system is both efficient and scalable. High performance was
achieved, particularly in remote monitoring and control applications with bidirectional
data transfer, providing a solution capable of responding to the dynamic requirements of
IoT systems. The NodRED platform was chosen for data visualization and-fresrdly

system design. NodRED offers powerful visualization tools that facilitate reale data
analysis and control, making the system accessible to both technical and end users. The
platform's dragand-drop interface allows users to easily manage complex data flows and
expands the system's usability. This developed system not only destemthe effective

use of mobile networks in IoT applications but also provides a model that meets key
requirements such as low energy consumption, reliable communication, and scalability.
This system, distinguished by its applicability in diverse amash as agriculture,
industry, and smatrt cities, serves as a benchmark that can contribute to the wider adoption
of 10T solutions.

Future work is poised to further expand the system's potential. Integrating with different
sensors and platforms will enhantiee system's usability in more complex IoT
applications. Furthermore, improvements in areas such as energy efficiency and data
security will strengthen the system's compatibility with modern 10T requirements. This
work provides significant value to tecHogy and industry by offering an innovative
model that not only meets current 10T requirements but also contributes to the growth of
the loT ecosystem. Future work aims to transform this system from a structure that simply
addresses current needs to a ilegdplatform offering innovative solutions in loT
technologies. Research conducted in this context will contribute to the wider adoption of
IoT in a wide range of areas, including agriculture, industry, and smart cities.
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ABSTRACT

This study was conducted to diagnose faults in refrigerators used as cooling systems in
homes. Studies wereonducted on the utility of vibration in fault detection. In this
context, vibration data from the refrigerator was collected using an 1IS3DWRBakize
microelectronic mechanical system sensor installed in the refrigerator, using an ARM
CortexM4-based $M32WB microcontroller. This vibration data was generally related

to the compressor. An analysis of the vibration data revealed abnormal increases in
vibration amplitude when a fault occurred in the refrigerator. It was determined that
collecting this dat&ould enable more comprehensive diagnostics and provide users and
even manufacturers with preliminary information about when their refrigerators might
fail. This approach facilitated predictive maintenance.

Keywords: Embedded system, predictive mainteregrsensor, accelerometer.
1. INTRODUCTION

Refrigerators and cooling systems used in homes are among the indispensable
technologies of daily life. They preserve the freshness of food, prevent spoilage,
contribute to healthy eating, and reduce waStfe storage of perishable products,
especially milk, meat, vegetables, and fruit, is crucial for both economic and food safety.
Furthermore, modern cooling systems, with their energy efficiency, contribute to both
family budgets and environmental protecti In these respects, refrigerators and cooling
technologies are considered essential home appliances that enhance the quality of life [1].

Predictive maintenance for refrigerators and refrigeration systems is crucial for extending
the life of the appliaces and protecting user comfort and food safety. An unexpected
malfunction can lead to food spoilage, energy losses, and high repair costs [2]. Predictive
maintenance allows continuous monitoring of appliance performance, identifying and
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addressing poterati problems before they occur [3]. This prevents unplanned downtime
and ensures more efficient, safe, and economical operation.

Many studies have been conducted in the literature on the early detection of faults in
refrigerators. Kulkarni et al. [4] condigdl studies on the prediction of faults that may
occur in refrigerator and cold storage systems based on machine learning algorithms
(MNL). Jeon et al. [5] conducted a study on -praintenance prediction of air
compressors used extensively in industriglaar Based on their rigorous analysis and
MNL algorithms, they achieved a 93% radiator failure prediction rate. A predictive
maintenance model that can be used in industrial cooling systems was proposed by Van
de Sand [6] based on MNL.

A review of studiesn the literature demonstrates the importance of collecting data from

a cooling system. MNL algorithms are used to evaluate the collected data and draw

inferences based on these data, as well as to perform predictive maintenance on the
devices. In this stly, sensors were installed in the required locations to collect data from

a cooling system, and this analog sensor data was collected for analysis on a

microcontroller.

2. MATERIAL AND METHODS

In this study, a higispeed STM32WB5MM microcontroller was ustxd collect and

process higtirequency vibration data. The STM32WB5MMG is adaabr e ( Ar mE
Cor t-M& E and -®06+H twieeleds microcontroller module developed by
STMicroelectronics. With integrated Bluetooth 5.2 and IEEE 802.15.4 (Thread, Zigbee)
suppot, it offers a powerful solution for loT applications. With its low power
consumption, high level of integration, internal antenna, large memory capacity, and
various peripherals, it can be used in both industrial and consumer electronics
applications. Wih these features, the STM32WB5MMG provides a reliable and flexible
platform for embedded system projects requiring wireless connectivity.

[IS3DWB acceleration sensor was used to obtain vibration data. The IS3DWB is-a three
axis MEMS accelerometer manufatd by STMicroelectronics, specifically optimized

for vibration measurements. Its wide bandwidth (up to 6 kHz), low noise level, and high
sensitivity make it a suitable choice for industrial equipment monitoring, predictive
maintenance, and vibration aysik applications. Its digital output, embedded sensor hub,
and low power consumption make it easily integrated intebaJed vibration monitoring
systems. This makes the IIS3SDWB a popular choice for smart sensor solutions designed
to improve machine pesfmance and reliability.

The [IS3BDWB sensor, a digital MEMS accelerometer, communicates with the
STM32WB5MMG microcontroller via the 1] C int
IS3BDWB's power (Vdd, GND), communication lines (SCL/SDA or
SCK/MOSI/MISO/CS, and interrupt (INT) pins are connected to the STM32's GPIO

pins. After selecting the communication protocol, the relevant microcontroller's

peri pher al (1) C v) is activated to read/ wri
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STM32CubelDE was used for software developmen t hi s environment f a
initialization and data exchange thanks to HAL (Hardware Abstraction Layer) libraries.
Additionally, the STM32CubeMX tool allows for visually selecting pin configurations

and peripheral settings to create projectgimy the programming phase, the connection

was first verified by reading the sensor's ID register (WHO_AM _1). The measurement

mode was then set by writing the necessary configuration registers. The measurement

data was then transferred to the microcotdrpkither continuously or interrupt based.

This data can be sent to a computer or mobile device via a serial port, Bluetooth, or other
communication interface for analysis. The system setup is given in Figure 1.

Figure 1. System setup
3. RESULTS ANDDISCUSSION

STEVAL-PROTEUS1 software, developed by STMicroelectronics, was used for data
collection and display. The IIS3DWB triaxial MEMS accelerometer data directly fed the
compressor's vibration data into the system. This enabled the system's dynpomsaes

to be obtained. Therefore, the system's status could be determined from the dynamic
responses obtained at the sampling frequencies. The sampling frequency was 26.7 kHz.
The system's curve obtained at the sampling frequencies is shown in Figure 2.
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Figure 2. IS3DWB accelerometer axis3 status, compressor normal data

The anomaly values that occur when the vibrations of the compressor under test are
artificially increased and the system voltage values are changed are shHéguren3.
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Figure 3.11IS3DWB accelerometer axis3 status, compressor normal data

The obtained values indicate that the increased vibration of the compressor when it was
close to failure significantly altered the system output. In cases where anomalies occurred,
there was a sigicant increase in the FFT values of the system. This provides a step
toward identifying the possibility of system failure and determining when it might occur.

4. CONCLUSION

In this study, vibration values of the refrigerator compressafrageration system used

in homes, were detected using an [IS3DWB tlaris accelerometer sensor to allow for
early detection of faults. The detected data was captured using ST's ARM-Kdrtex
based STM32WB microcontroller and visualized using ST's STEPROTEUS1
software. This allowed the sensor data to be collected in a system to determine when the
compressor was likely to fail. Significant changes were observed in the FFT values of the
accelerometer signals generated by the artificially generatestioiis. It was determined

that collecting and visualizing this data in a system would allow for future analyses. It is
anticipated that MNL algorithms could be used for these analyses, and other algorithms
could be implementedtinally, when evaluated with the framework of data mining, it
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is observed that in addition to these acceleration data, more detailed information could be
obtained by using temperature, humidity, and other environmental variables.
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¥ZET

Klasik StumL i ouvi |l | e séneér dej eri probl emleri,
uygul amada ortayaioakmalhktaddéernk|l @mliemi ni n (
uygul amal aré arasénda Kkuaknitnuyna sfé ,z iakié k knagnk | ael
kararl él éjéel/ kararsézl éej e, atom titrekimler
dijerleri yer atLérouvBlUl mefledkeperStuemseéner
-%zmek i -in yenilik-1i ytaezoérliélnelrarvee g-eelkiikttliir if
bu probl eml er son yeéllarda kapsaml & bir k
arakteérmacéneén i iLiguvilteipnobleminiredemel oiatak bir anali8kt u r m

(kesin) -92¢mg ol madej éndayani - °°zzzfnronkakly art
czdejerlerle belirlenir. ¥zdejerler bulundu
bi -%z¢m el de€iedivi ébeel probSewmt ear i I -1 n, ad
spektral teorisinde .Dgngthndiart bakekéi gakha
Li uville denklemi i-in sénér dejer problenm
m¢hendisli k ve fizik alanlarénda ortaya - €Kk
best titrememl griemimci modaenalyam bir orta
l'1'i kl erinin yeniden yapkilawndielleé maseklisenm
ér dejer ge-ik kKkartl é problemlere yol a-
onksiyonlmrleinrée- dku |l ama&kktiérima yapél mék ve
sayéda y°ntem geliktiril mick vV e bunl ar
ul anmext éer . Bu -al exmaneén amaceée -s¢reksi
Li uville problemive-Raylzéephengdhh dmani mi z:
gi [ °neml i spektral czell i kl eri geni Kl et m
mekanijin yané séra kuantum mekanijinde de
temel i dir. ¥r neijjiinnd ek, u a-na ku me Imekktarnon!| u at o ml
-%z¢l emeyen kuantum sistemlerinin enerji ©°z

n
N o

o
O N M
oK X ™S O T30 00 " o 0o

uy

Anahtar Kelimeler : SturmLiouville problemi, RayleighRi t z y°ntemi, ge-iK
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1. GKRKK

Klasik SturmLiouville teorisire m di f er ansi yel operat®°rlerin
fizik problemlerinin modell enmesi ve =-°%9z¢;m
Akhiezer ve Glazman [2], Atkinson [3], Coddington ve Levinson [6], Levitan ve Sargsjan

[ 7], Nai mar kbu [t9e]o rkianyinna kgleal riék i mi i le i1 gildi
adi di feransiyel denkl emler i-in -exitli S ¢
geni kK bir l iterate¢r mevcuttur. Bajémséz de
uygul amamatsaéndisel k °Lki loeurvii | bleant eS8t usm, yal n
operat°rlerin spektral teorisinde dejil, a
g¢e¢nceel vV e en kapsaml é gel i ken al anl ardan
m¢hendi sl i ktaeki yaygeéehnhama l |l sé ve ke¢gtle tr
titrexki mi probl emlerinde, aerodinami kt e, p C
dijer bir-ok alanda bu problemlerin, on sel
i -inde ekkhinkeitl ahdekueéer . Son yéll arda, mat e
uygul amal arén ortaya -ékmaseéyla bajlantel é
kokul |l ar é bul unan K veya d a hdiouwlla z | a ay
problemlerine &ran bir il gi duyul maktader [ 1, 4, 8
transferi, karmakék ortamén elektrodinami]
s¢re-1ler, ek il etim kockul-Lloavileaprablemlenmmr i | mi K
ortaya a- ¢komhasaénabi | i r ( ° rLioevile dankldrked, gendl 5 , 10]
olarak Fourier'in spektral y°ntemi, yani d e
di feransiyel denkl em séneéefl arénén -2z ¢smeén

denklemleri, Hermite denklemleri, Legendre denklemleri, Airy denklemleri vb. gibi
mat emati ksel fi zi ] i fLioliledipndenklerdlexdirk | e ml er i St u

Bu -al ékmada

My:= —"(x) + qP(x) = r(yx), x € [, 1)U (1, 13) U (I3, 15]
(1)

diferensiyel denkleminden
Iy:= IP(FQ)—IP(E) =0 2)

L= IP,(F{J) - w:(rs) =0
3)

periyodi k seénér=rkvax=l} agréeemlkdsinz Ilviek dreokt al ar én

May:= YT —0) =T +0)=0
4

Myp:= ', —0) —¢' (T +0) =0
®)
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Msp:= P - 0) —yY([ +0) =0

(6)
Mep:= P'T;—0) —y'(I, +0) =0
(7)
ge-i K kart |l arrén ddakn doillmiwnainttiger mzdej er probl e
Bu - al &k ma(x)b bogksiyorw iy, 1), (I,5) ve (I, Iz3]lar al ékl ar énén

birinde s¢rekll;izd) r (vel, 29 onlliumi t dejerl eri
q(l;£0):= limg(x) g®°steriminden vyAym&dsfneobmEkt ér )

x—=T;+0
1, x €I, 1))
czererx)=1a x€(},l;7) keklinde al & n ac alotviller . Bu 1
B, x € (I3, 13]
probl eml eDdnwa'lmé&mcsuaal énéml ar é, akusti k yay
akékkan veya el ektromanyetik dal gal ar gi
model |l enmesinde ortaya -ékmaktadeéer.- Son za
Liouville prabkeéemretaraféarndanmb¢y¢k i1 gi g°
fizik ve m¢ghendi sl i kteki bir-ok probl emi
¥zell ikl e, S ¢ r e k s i-lLzouvikeopkoblémleq, rekoriomiefizie me St ur m
m¢hendi sli k debdahok di smagl igereeeyaygén ol ar
ve fizik alanlaréndaki bir-ok pratik konu,
don¢gktegr gl meyi gerektirir. ¥rnejin, ket e
titrekimieme prelk| dm@dlr €r | s¢reksizIl ik i -eren
ki tarafe araséendaki i kKki yi tanéml amak
sékl ékl a aray¢z kokul |l ar é, ge-i kK Kartlaré
ylel arda bir-ok arakt érdneajceer, pir-o bsl¢éermd kesriiznlei joi
ve bu alanda °neml. il erl emel er kaydedi |l miKk

2RAYLEKGH ORANI VE MKNKMUM PRENSKBK

n Hil bert wuzayén@a)bir® z d @jee otn°krsg yio-ni n i f ti o]
Bu durumda
Y =AY
ekitlijJi sajlaneéer. Bu exitlikten
G20 W

IWllg,
yazélBubidkiirt.l i k Rayl ei gh or an#° zodeajrearki aidllea nc
karkel ék gelen y ©°zfonksiyonu arasénda bajl
°czdej eri bul mak °nemlidir. Rayl eigh orané
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Teorem 1.

(1) denkleminin® z d e°jzefro n k s i(Aylbdalsun- (L) 7)) pr obl e mi I -1 n |
or ané

Ah=R(@) = {[tPi#’l?;_“ + f;;l_"((]p’)z +q tpz)dx}
+ [“'P‘zb |F1+0 fp 40 (( Y )2 + q1p2)dx}

1

[ﬁ]‘bt‘b |i"z+0 F2+o((3‘zb )’ +q ‘abz)dx}}

1

X Irs—o I's—0
fl P2 dx+— _]'F2+Ogi,-2d+

3fr LoWPdx
(8)
Keklindedir.
Ks pkltk ol ar ak
—"(x) + q=P(x) = Ar(x)W(x), x € [[,T) U (T, 1) U (T, T3]

ekKi tl i] i niyn |hee r-Taiddqie ¢ kedar iatégallenirse
J'_‘1_':' 1 JI—|1_C'
A:=R(¢J}={{fﬂ} ' dx + [0 qy? dx}
v (22 Ty dx + [0 qp? dx]

B (G oW dx + [ dx}}

1
X ry-o -, 2 2
I, wd+afr+owd+ﬁfr+owdx

bul unur . Bu son exkitlikte keéeskmit |iintie gerladsey oen
Not. (8) €Kri)t Ipirjoib | (elmi i -in Rayleigh orane ol
Teorem 2. (Minimum Prensibi)

(2-( 7) -gseé-niékr kartl aréné sajlayan t¢m séeférdar
Rayl eigh oranénén k n¥2Zdenjuenr e egrirtiti reny &ngi- ¢
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— ]nfR(:tp) = Inf {{wwf|;;_0 + frzl_ﬁ((l}[”}z +q tpz)dx}

vy 7 P ap)? + quia]
+B[ wwl (B + qyp? }dx}]
1

X T
f L lll"zd":':‘-l_{I ff‘ +0 llbzd +ﬁfr +0 llbzdx
9)

ekitlijJi sajlanév7) Beradakanfilxmmwené23)ajl aya
fonksiyonl aré ¢zerinden al énér.

Kspali,}, A7) SturmL i ouvi | |l e probleminin °zdejerle
My = —¢"(x) + qUE) = Arw(x), x € [[,, ) U (T, T) U (13, T3]

ol mak ¢zere Rayl eigh orane

RO) = {[ "Wy dx +a [, wmp dx + B [2 o wily)

1
Iry  WPdx+a fr o p2dx +,8fr o W2dx

(10)

bi-imindediwfokksndyonkryfort ggomsirgdn © zf onksi
geni kKl etelim ve

s

L:= { € cW[r,, 1) @ CW (I, 1) @ ¥ (1, T3): sonlu @ (g + 0), $® (T3 - 0), w® (1 +
0) i = 1,2, degerleri mevcuttur I = 0, k=1,2, ... 6, = 0}

t anéml ayé &£ ise budijuada

(=]

YO = ) s () (11)

n=0

seri si dewdoksolhyanahka yagkelys,ay,. ortaBanal a d a
fonksiyonyfaokhsai yémenun Fourier katsayésedeé
uygulayarak
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My = suhuthy (12)
n=0
el de ederiz. (11) ve (12) ekitlikler:i (10)

R(Y) ={f (B0 X0 SnSmAmtbn Y ) dx
p_H:.(Z OZ S S ﬂ'ml}’)n l!')m )dx
+Mr o (B0 Xtz SuSmAmtn Y )

1
X —5 —5 -
f:{:]l G{.Zﬁwzo E:ﬁzo SnSmi¥n P'm )dx+a J-,ff+oo{.zgo=0 Z%:U SnSm¥n Ym )dx+,8 f:i;3+o{.z;:w=0 E:ﬁzo SnSmi¥n ¥m :ldx‘

(13)
elde ediliry, f onksi yonl ar sistemi ortogonal ol duju
Yatish A [[Wnllg
R =
(W) = Tazish g
(14)
Kekl i nde Ayidzke |°azhkdieljierr. Av=ei,, blaun. Butaktirdei - i n
R(Y) A X st Il M2 155 Wl )
- oo = oo — M
152 ”'~|J'n”2 152 ”'~|J'n”2
ol ur . BY¥lLacd nher
R(Y) = 44
el de edil i rR(yp)B=Alodrdujjandanpkt &@m; kRurckd & zdej e

A°zdejerine karkeéel ek gelen bir ©°zfonksiyonid

S 0 n UuX = minR(WY;) = R(Yy)

Teorem3. 4, =4; =~ (1)-(7)SturmL i ouvi I |l e probl eminin ©°zdej
Ly:={Ypel:(Yy,)=0i=12,.,k—1}g ° st e Buiddrusmdan .
B min R () B min i1 S2AZ (U llE (15)
“TYWELLY#ED YELLY=O0 X2, 82 Ul
ekitliji sajlaner.

MY
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Kaneéetl®B) exitl i jyieLiy «0Qalsgm Buldurumday e

s;=0(=12.k)ve sonu- olarak (13) exitlijinden
2 92 2
_Zlolozk+1sn }l‘n ”Lpn”]-]:.
R(Lp}_ oo 2 2
11=k+1511 ”lpn”]-]:,
bulunur n>k+1 A eeMy=4, ol dunkR@id=ai., ol up nek#+1 !l ik
ol mak s,=z0srag¢ | an ésg .ani Y =

3. SONUC¢LAR VE DEJERLENDKRME

Rayleigsw A G 1T F2NXNf NyN 6cp0v SO0AGt AEAYS dz23dzZ I & N
KSNI T FYlFY YNY{NY 2tYlFI@FroAf AN ! yOI X dz 3dzy
1dzf £ FyPEFNF1SZ | TRSESNI SNI AceAy AeénflendérNI & €I
test fonksiyonuz, €A ok £ R(zx) ST RS SRAfANX . dz YSRSyfS (o

da bulunabilir.
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¥ZET

Fizi kte bir-ok farklé fiziksel s¢re-lerin ©
model | er i n nkoudreulllnearsién, -b°uz ¢ ml erinin olup ol m
kokull arén bulunmasé ve seéférlar araseéndaki
séfér sayéséenéen tahmin edil mesi ©°nemlidir.
-ékansdiyfeéer alrenkl eml er, bu denkl emlerin °zel
bir baj kur ul maseé g e r e k-mauklie edénklemlerinirB u nede
-%z¢mlerinin varlejée ve -°z¢gmlerinin davra
b¢yeéek °makt adéere. Bu alanda -ok genik bir |
doja bilimlerinin farkle alanlarénda karcker
denkl emlerin -°z¢gmlerinin varléejé i-in yen
artmaka d é r . ¥zellikle ge-i K Kar-tl avei lil-eerepr
probl emler, farkleé fiziksel ol ayl arén model
farkl é& dielektrik °zellikler takéyan ferro
ttrek en katl anmék zarl ardaki davranéxl ar, el
ésé ve k¢gtle transferi, mekani k sistemleri

d¢zgeéen ol mayan veya s¢reksiz ©°zeldlilkdre& i ne
i -eren yehbhiotwyirl ISe upmobl emlerinin karkeéel akt

Flhgi | i ncel emel ere ayreéel méxktér. ¢al ekmaneér
mat emati ksel fizijin bir-ok "ne¥minejpmobl e
D¢nya'"nén serbest saléenémlaréné incel emek i
belirleyen denklemve Stunni ouvi | I e f or mundaki bazée denkl
-al exmada, -%z¢mlerin sol ve $stajl eayermdegeri
Kartl ar e i -eren probl em i ncel eloovillx t i r Ve
probl emlerinden (SLP) farkl edér . Bu -al exi
i ncel emek i -1 n 1T terat¢rde bul unan kl asi k
°omfnksiyonlar i-in bazeée °zellikler elde edi/l
Anahtar Kelimeler : Tekil SturmL i ouvi |l | e problemi, ge-ikK Kar

NN
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1. GKRKK

Kkinci ve daha y¢ksek mertebeden adi di fer
Liouville probriccanl eock Say&dd idreawrmtt @r ma me vV (
dal ga denkl eml erinin uygul amal ar e da dahi
alanl aréndaki -Lpooabli éineerbi 8t srém ér dej er pr c
probl eml er de bugeéenpebiplriorb.l e Bil e rlgouvislew cha d a |, |
denkl emi ol arak adl andeéer &l an

—(rE)y") +a®y =uwy&) , xeley,co) U (co, 2] 1)

lineer homojen ikinci mertebeden diferansiyel denkleminden
limy'(c; + [t]) =a limy(c, + |t])
t—0 t—=0
(2)

séneér Kar txl=agysémrdekms ivzd ikke nokt al asénda veril

limy(cy + It]) = limy(cy — |t])
t—0 t—0

3)
limy'(co + |t]) = limy'(co — |t]) + B limy(cy — [t])
t—0 t—0 t—0
(4)
ge-i kK kKartlaréhdamvol wkea zief et prmbl emi ar

boyuncaq(x) fonksiyonulc,,cy) ve(cg,coJar al ekl ar énén her birinde

1111101”(01 + [t]), l%mﬂr(cz —|¢]), limq(cy + |t]) ve  limg(ey—t]) | i mi t dejerl e

- = t—=0 t—=0

mevcut (burada q(I; +0):= limg(x) g° st er iymirmradd ra v & naéykrt éécra)
x—I;+0

(cy,coove (cp,c2) ar al éfF@rdeg(x) >0 ve I;émor(cﬂ +|t]) > 0 kabul

edil ecektir. Bu t¢r sénér kokul |l ar &, gezeg
i ncel enmesi nde vV e deji kkenl erin ayr él mase
denklemlerde kutupsal koordinagan k ul | anél masé durumunda ort
(1) denkl eminin ©°zdejerlerini anal itik ol a
°rnejin sonl u fark wve sonl u el emanl ar y °n
mevcuttur. Paine ve arkadaxkl areée [ 13],

y(©) = y(m) =0 )
sénéer kokull areyl aLibauviilklte denklreengi¢gnienr °Sztd
farklar y°ntemiyle keabpt agipdajgopdtatan@hmgck
gi -in hata ile ayné asimptotik forma sahi
°zdejerler i-in elde edilgeni habmdel edi hedof
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d¢zelt mek @gmaceyhabilinen hatddebilk kabul anél ar ¢
et mi K|l er-diiguviSltlue mpr obl eml eri ndeki denkl eml
heterojen ortaméen i ki farkl & mal zemeden ol
s¢reksizl ik 1 -eren sénér delgkeostatipwve adigah e ml er i
probl emi gi bi bir-ok fiziksel probl emde or
sénér dejer problemlerinin spektral ©°zelliKk
16] -al éxkmalarénda meecabhsiuyel Sdeerekbkbeml &t
dej er probl eml er Rasulov taraféendan incel
kokull arénda bir czdej er parametresi ol an
Yakubov vV e Yakubov taradlée)ndaBi r-r-adlke Kk g amact
problemlerin incelenmesine katkeéda bul unmuk
StumL i ouvi |l l e problemlerinin izomorfi zm, Fr e
ve -al ékma arkadakl aré2tataféendaehehtmj kbjr 6,
t ek bir noktada s¢reksizlik n o kLioavdles i -ere
probl emi araktéreél méktér. Bu problemin ©°zde
edi |l mi ktir.

2.ARAKTI RI LAN PROBLEMKAN WZMDENKRKWONLARI NI N B2
¥ZELLKKLERK

Teoreml.uvev (1( 4) probl eminin i ki ©°©zfonksiyonu
i) fir_r}lﬂr(cl +|t]) = 0 ise
v(cy) = ku(ey),  v'(cy) = kul(ey)
ol acak keskiblide slaiyesé varder.
ii) fgﬂgmr(cz —|t]) = 0 ise
v(cy) = ku(cy),  v'(cz) = kulc,)
ol acak kkekhbideshyesé varder.

Kan éit(c, 40) = fimﬂr(cl + |¢]) = 0 olsun.u ve v (1)-(4) probleminin

°czfonksiyonlaré ol dujundan (2) sénér «Karten
- 1) _ .
lltn_l}{}l (c;+1t]) =« lltlllﬂll(cl + |t])

ve

litma.r’(cl + |t]) =« litmﬂv(cl +It])

NO
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yazeéel abi Wier) = aB(a,)ve d'@n =av(cp)el de edi | ir . Beyl e
w'(cy)  uley)

v'(ey) B v(cy) B

bulunur.

k

Teorem2.e s dl)y-€4% probl eminin bivevParlkedieyonl!| ar &
°zdejerine kar kél ék(c;g8)He(@, —i0)k=i0ise ufdoumkas i yon v

v =ku

ol acak keslkiblide slaiyesé varder.

KanéeE] r(c;,+0)>0 ve k sabit i se Dbir ° nuc—ekilk i t eor e
fonksiyonu da ayr eéca (1) denkl emi nin b i
W(cy) = W'(cy) = 0. O halde diferansiyel denklemler teorisindpr=0 0ol duj u a- ékt é
Yaniv=kuel de edi | i r . B,nr20e=>x0 ve & ksialbd & djseer bir ©

teorem gwe+kafonksiyonu da ayréca (1) denkl e
saj |l andd(,e=Yi(c)i=m vy az &l Buraddnidiferansiyel denklemler
teorisinden iyl bilinen -°z¢:m¢ghm=0woalrduejjue ve
a - € k tniar = ku eXa edilir.

Teorem3.Akaj édaki i), i1i1), iii) ve iv) kokull a

) g(X)= 0,¥x € [cy,c0) U (cp, €5]
i) r(c; +0) >0isea>0Kartée sajlaneéer
i) r(cg +0) =1r(cyg—0)
iv) r(c; —0) >0
O hal de veril mi«iousile preblemininzherbipk z d e [Sduizzio mi - i n
ol ur yani s ¢rieokusviizl |tee kpirlo bSteumimmi n °zdej er | |

Ks ptabti r ©° n(xlg)] eirs,e bu °zdejere @amkel ék gel en
Bu durumda

—rEY'(xA)) +a@yxp) =wxp , xeley,co) U (e, 2] (6)
denkl emi ni wxhed ei kiarpahe&r s a

Ayi(xp) =q®y*(xp) — &y (x 1) ) y(xp (7)

czdexk!l i jJi bul unur. Bu [cscginve @pscilat aff € k| ahreérn di
integrallenip sonrdgaraft ar af a t opl anér sa vV e de keésmi i

cg—0 Ca cg—0 Ca
ﬁl( f Y2 (x, p)dx + f ;rr?(x.mdx):( f a(0)y? (x, 1)dx + f q(x)yZ(x.mdﬂ)

Cy Cp +0 Cy T +0

NI
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- J:;U_ﬂ(i“(x ' (x, ,u))’y(x. w)dx

— 2o r )Y (e ) )y (x, p)d)

= j:;o_ﬂ q()y?(x, wdx + j:m q ()2 (x, w)dx)
1270 o) dx

om0 (x, 1)2dx)

—1(cz)y’ (cz, Wy(cz, W) + r(e)y’ (cr, W)y (cy, 1)

—r(cg + 0)y'(co + 0, Wy(co + 0, )

+r(co — 0)y'(co — 0,)y(co — 0, ) (8)
eki tl iJlimyguH|thrrwulimy(c,+th)sénér «kxarté kull aneéel a
t—0 t—0
ay(cy,wy'(cy,p) = (' (e, ))* =0 )
ekitsizIliji el de edzdkiarr.t éT esoarjel mainnd ékjaér tié igner
eKitsizIlijJinden
v(cy,w)y' (e, 1) =0 (10)
eKitsizIli]i bul unur .
vigA)°zf onksiyonu (3), (4) ge-ikK kKartlarene ¢
r(cg +0) =71(cyg —0)
ol duju 1 -1in

r(co +0)y'(co + 0, Wylco + 0,1) +1(co —0)y'(co — 0, )¥(€o — 0, 1)
= (r(co +0) —7(co — 0)) y'(co — 0,)y(coc — 0,2)
~0

(11)

sajlaneéer. (9), (10) ve (11) e i—10)l=ok 1l er i (

r(x)=0vegx)=0kartl ar éné da Isafjéranae{&@8needi kk
her Dbir terimin negatif

tarafénda yer al an
DAl dphe AA¥EI 808 dODAO AE

n
e
da negatif deffzio0diOAOD
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Teorem4.Ka b u | edel i m ki Teorem 3 in t¢gm kartl a
gx)Km hAOOal g WhellcEcy) B le,, cABe EIED>0hA00a1 a1l AA
OAgl AT Aggal g EAAOI AAMOAIKEI g EABWEIR OAOBDI
DOl Al AT ETET OiIIl EUAAgAOlI AOE PiI UEOEAZAOEOS

d OBPH) > 0 ve g(x) fonksiyonu [c;,co) U (co.co]JAA  OIF OAETE 11 AOsO E

,>00AUg Oa DAL a 6, xEE5E N ([cq,c0) U (cg,c2]) EE &) >0
OAgl AT g e, t0OBAAG KOOI AOE | AOADOD ki-h@AD g BEET
mevcuttur ki Vx € [xq — g, xo — 8] N [c4,¢c0) U (cp, o) i - glan) =kgsaj | anér .

Ko = [y (o wydx + [ 2 y2(x, wydx

(12)

g°steyxeullianf.onksi y ok, >®lod wij u aKd[&,m,3 duraneunu
arakter a&j=®m.sayeéeseé i stenil en kadar K¢ - ¢k
8y =minf{xyg—cy,co—x}01l acak bi-imde se-ilebilir. Bu

[ qG)y? (e wydx + [ qGy? (e, widx = [0 q()y? (e, pdx

+4
> [0 q(0)y2(x, p)dx

(13)
ekitsizliiki mgle-erli olur.
mo = [ 2 e,
(14)
g°sterilirse ve °zfonksiyonlarén hi- Dbir po
ol mayacajé dpkkateujplékeékrapnca anl akél ér. O
ekKitsizIlijinden

122 qCy? (e wdx + [7 qC)y? G i)dx > Sk mg

(15)
eKitsizli]i el de edilir. O halde (10), (11
al énér sa
t Ko=p (752 Comdx+ [ y20epdx) > Skomo>0
(16)
elde edilir. Buradank,> 0 ol dppkO0sonRuau el de edi |l ir. Kspat

NZ
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Teorem 5.Ka b u | edel i m ki Teorem 3 ing{=@ig-m «kartl
ar al eK4) aekil (StutmL i ouvi | | e probl emix)k® ryani® zdefj er
Vx € [ecy,c0) U(cq,c2]i -g(an)=0) ol ur. Ayri@tadéjuedunemkar K
gelen her ©°zfonksiyon sabit fonksiyondur.

Ks p &abd edelim ki y= y,(x) fonksiyonu t= 0 ©zdejerine kar ke

°zfonksiyondur . O halde (8) exitlifji ve (16
cg—0 Cz cg—0

| aeveeemax+ [ atvetemdx = [ reowoeew)dx

Cq cg+0 Cq

+ [T’ (W) ?dx)
—1(cz)yo’ (2, Wyo (e, 1)

+r(ec)yo’ (1, D)yo(c,A)
17)

ekitliji sajlanéer. (10) ve (11) exitsizlikl

JciU_OQ(x )yo? (x, wydx + f:+0q(X)}’gz(x. wdx <0
(18)

Kitsizlifj]i el de ediglx)=0o0 |Sdounj ue keiltdsei zd dikltiern.
art égetel duj ax)i i sa] |kaitn@lri ®© zdej erine kar ke
er °zfonksiyonun sabit fonksti=gwaqx)lol @duj unu
-in yazar sak,

- O X @

cg—0 Cz2
| oy wrdx s [ e ) =ity el
Cq cgt0
+ r(cy)yo’ (c1)yo(c1)
—1(co + 0)yo (o + 0)yolco + 0)
+1r(co — 0)yo'(co — 0)yo(co — 0)
ekitlijini elde edilir. O halde (10) ve (11

f;ﬂ_ﬂ r(x) (vo' (x, w))?dx + fcl;mr(x)fyu’(x_ﬁ))zdx =0

el de edilir. Bu exitsi &t &€ Hei,@)IVU (é,,%,p1 -tienor e mi n

NT
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r() (o (x, 1)) =0
(19)

elde edilir.vx € (cy,c0)V (cg,c2) i1 - >00l dujundan (19) baj ént
ancaky,'(x,u) =0,yaniy,( x) =const ol duju durumda ge-er |

3. SONU¢LAR VE DEJERLENDKRME

Bu -alékmada esas araleéjén u-ar alokklaéd aSé nd
Liouville probnemiini sipedktrr alok®zelli7]i I ncel
|l iterat¢rde 11 k olarak bu -al ékmamézda ar ack
bilinen sonu-I|laré genellexktirmiktir. tal éx
yarar |l aneéel aarakl| eskaldee cee i&kdas aral éjén u- no
i ki sinde tekil-Li pevebhheppobbhe®&teaerm dejil h
aral ejénén u- noktal adéodaitlélei priopéesnaleirp

sonu- leadri lenhidket i r
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GENETKK ALGORKTMALARLA OPTKMKZE EDKLMKK
¥IJRENMESK YAKLAKI MI YLA UYKU BOZUKLUKLARI NI N

Do-. Dr., FEYZA ALTUNGB-EYY ¥rZBAYERDAL ¥ZBA"
lFérat | niversitesi, M¢cghendislik Fakgegl't
faltunbey@firat.edu.tr 0000:0003062936888
Férat | niversitesi, Bil gi say-80000002hendi sl i
90044802

¥ZET
Uyku bozukl ukl arénéen tanél anmaseé, i nsan ya
oynamaktadér. Uyku bozukluklare ve °zell ikl
sajleje ¢zerinde ciddi et kil eretyolaf@&na@ainl r
manuel ol arak sénéfl andéreéel masé ol duk-a zah
nedenl e, uyku bozukl ukl arénén daha dojru v
maki ne °T renmesi ( ML) al gor it mal®anreém é n k
kazanmaktadeéer . Bu alanda geliktirilecek vyg¢l
tanée ve etkild9@ tedavi s¢re-lerine kat keé sce
sunabilir. Bu -alékmada, uyku bozkoks$tuk!| ar én
Extra Tree, Destek Vekt°r Makinel eri ( SVM)
farkl é& makine °Jrenmesi algoritmasé kull ané
Geneti k Al goritma (GA) y°ntemiyl e nokptimize
dejerlerine dayal é olarak en iyl parametr e
performanséné artérmayé hedefl emektedir. Ya
Forest algoritmasénén %98. 67 dojr vl ek dwee 0.
et tifji gzl emlenmiktir. Genel ol arak, el de
hi perparametre optimizasyonunun model |l erin
ortaya koymaktadér. Varsayélan phrnamegkselker
dojruluk ve AUC dejerleri el de edi |l mi ktir.
hi perparametre ayar|l amaséneén, uy ku bozuk
seneflandérél masénda et kil bir y°ntem ol du
Anahtar Kelimeler: Genet k Al gor i t ma, Makine ¥]Jrenmesi,
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DIAGNQOSIS OF SLEEP DISORDERS USING A MACHINE LEARNING
APPROACH OPTIMIZED WITH GENETIC ALGORITHMS

Assoc. Prof., FEYZAY,AATYNBEYP¥DBA%¥ ERDAL
! Firat University, Faculty of Engineering, Software Engineering, faltunbey@firat.edu.tr
- 0006000306296888
2 Firat University, Computer Engineering, erdalozbay@firat.ed @®00-00029004
4802
ABSTRACT

The diagnosis of sleep disorders plays a critical irolenproving the quality of human

life. Sleep disorders, and especially sleep apnea, can have serious effects on individuals'
physical and mental health. The manual classification of sleep stages by experts is quite
laborious and has a high potential imman error. Therefore, the use of machine learning
algorithms for more accurate and reliable diagnosis of sleep disorders is gaining
increasing importance. Higdiccuracy models to be developed in this field can contribute

to early diagnosis and effectiveeatment processes, offering significant benefits to
healthcare systems. In this study, four different machine learning algofthRendom

Forest, Extra Tree, Support Vector Machine (SVM), and Gradient Bo@stiwgre used

for the diagnosis of sleep diskers, and the hyperparameters of these algorithms were
optimized using the Genetic Algorithm (GA) method. The Genetic Algorithm aims to
enhance the performance of the models by determining the best parameter combinations
based on fitness values. As a fesfithe experiments, it was observed that the Random
Forest algorithm achieved the highest performance with an accuracy of 98.67% and an
AUC value of 0.9986. Overall, the findings reveal that hyperparameter optimization
performed using the Genetic Algtimn significantly improves the performance of the
models. Compared to models operating with default parameters, much higher accuracy
and AUC values were obtained. These results demonstrate that Genetic Algorithm
supported hyperparameter tuning is an effecethod for the classification of sleep
disorders using machine learning.

Keywords: Genetic Algorithm, Machine Learning, Sleep Disorder
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1. GKRKKk
Uy k u, hem fi zi ksel hem de zi hinsel sajl ek
i kKl evdir. V¢gcudun iyilekmesini destekl erken
olur [1]. ¥zelli kle -ocuklar ve yaxkl élar g
bil i ksel fonksiyonl ar czerinde dotjaludjaen, et
di yabet ve obezite gibi ciddi sajl ék sorunl
etkileyebilir. Bu nedenl e, uyku anal i zi v e
hayat s¢rd¢egrmek a-éséndan ol dAkadefmneimdndi
(AASM) g°r e, uyku bek temel evreye ayr el mak
(REM) ve Hezl é Ol mayan G°z Hareketi (NREM).
czere ¢- alt evreye b°l ¢gngegr . Uy armsieyladi é k| a u
hafif uyku denir [2]. Bu evreden sonra gel e
biraz daha derinlexktiiji akama ise N2 ol ar al
N36t¢r ve genelli kle delta uykdesmuuykadaar ak a
ol maséna rajmen g°z hareketlerinin devam et
sistemin dinlenmeye ge-ti]i doj al bir S¢roe
-al ekmaya devam eder . Beyinden al énanyBR6
sergiler ve uyku sg¢resince seé¢rekli ol ar ak
zaman dilimlerinde analiz edilerek uyku evr
bireyin hangi evrelerde uyuduétumek vie- ion alziél
sajl amaktadeéer . En sék karkélakeéelan uyku bo
REM Uykusunda Kas Gevkemesi Kaybé (RSWA),
Kdyopati k REM Uyku Davranék Bozukl vremu (i RBD
yaygénl ekl aré hem de olumsuz sajleék etkil
etkileyebilir [4].
Knsomni a, ki kide uykuya dal mada zorl uk vey
uykuya wul akamama durumu ol arak t a&mé mlée&kn mak
sorunl aréna ve g¢nl ¢k yakamda ikl ev bozukl u
hava yolunun ge-ici olarak tékanmasé sonucu
Bu bozukl uk, oksijen seviyel eri npidamard ¢ K me s i
hastal ékl ar e, biliksel probl emler ve met abc
neden olabilir. 1 RBD, REM uykusu esnasénda
kaybol maseéeyl a ortaya -ékmakt adér olarakB u dur u
canl andérmaséna neden ol abilir ve kendine z
Parkinson hastal ééjé ve dijer n°rodejenerat.
Her uy ku bozuk!l uj u, sajl ékl e bireyl erden
gestermektedir. Bu anormall ikl er, PSG (pol i
analizleriyle tespit edilir ve uzman doktor
hastal éjéné texkhis edebilir Aaceagktleu, spue <
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uyku evrelerinin farkleée «kxkekillerde yoruml a
i nsan m¢gdahal esi ni azaltmak amacéyl a, séek t
desenl eri veya sonr aki adéml aalkgdraihtmmall aerdee
i -eren teknikler geliktirmixktir. Satapathy
(RF),KNear est Neighbors (KNN), Supoort Vector
model i gibi -exitl]i maki neéekj venibmi mokile) | &I
evresi sénéflandérmasénda %87.4 dojrul uk ol
Wi sconsin Uy ku Kohor't veritabanéendaki 147

Boosting (XGB), Light Gradient Boosting Machine (LGBM), CatBoo$)dRF, KNN,

Logistic Regression (LR), SVM gibi makine °
hastal ar éné er ken tespit et meyi ama-| ameée:i
al goritmalarl a hiperparametre ayarlO&maseée vy:
dojruluk ve %88.76 duyarleleéek elde etmi«kt.i
inceleyerek uyku apnesinin °nemi ve bu al an

[

sinyall erinden uyku apnesi tespiti i -1 n S\
kull anél déjéené belirtilmicktir. ¢tal ékmada,

kéesétl amal aré gibi zorluklara rajmen, SVM v
performanseé g°sterdiji vurgul anme ktteékr .k aFaarl K
EKG verisi kull anarak uyku apnesi tespi ti

gel eneksel makine °Jrenimi algoritmal arénén
ajl ar edD&NNENN-eren bir model Ideilki k-té krammiéknéi r
hibrit CNN-DR NN mi mari si ve zaman desenlerini yak
ajlarée kull anél mék, ayréca boyut indirgemes

Sonu- olarak hibrit modelksdel edrojarl glourk temad ea

Bu -al @ékmada, uyku bozukl ukl arénén tanél an
Forest, Extra Tree, Destek Vekt©°r Makineler
dert farklée makine °Jrenmégi kalngesmi tarhaoé i d e
performans| ar énén artereéel masé amaceéeyl a h |
Al goritma (GA) tabanl é bir y°ntem ile ger-e
dayal e ol arak en iyl par ametrrien ksoémbé fnlaasnydoé
bakaréméené iyilextirmeyi hedefl emektedir.

2. METODOLOJK

Bu -al ékmada wuyku bozuklukl aréenén belirl en
algoritmasé kullanéel mékteér. ¥nerilen y°nten
mes | ek, kan baséncé ve BMI kategoresal par an
dejerl ere done¢kKt egr el megkt ¢or. Bu yakl|l akém,

algoritmalaré i-in gerekl: ol an sayeésal fo
sajladejeée i-in tercih edilmiktir.inkk ikl emi
ve sabit bir araleéekta tutmak amacéyl a MinMa
°] -ejine duyarl é& olan algoritmalar i-in ol
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ejitim ve %30 test oranéyl a i ki etmekag/yr él meéx
akKére °jJrenmeyi °nl emek amacéyl a, hi perpar
y°ntemiyle ger-eklexktirilmiktir. Son akKkama
Gradient Boosting gi bi -exkitli maki ne o7
sénéandérmak i-in uygulanméexktér. ¥nerilen y°

—» Egitim Verisi

Uyku Veri On Gerll_;:_tlk Algoritma ile
Saglig1 Veri isleme | Iperparametre
TE e : Optimizasyonu

L—» Test Verisi

ML Algoritmalari
Uyku Bozuklugu Tanilanmasi

e TInsomnia (Uykusuzluk) -— " gm;dD;lForest <«
e UykuA i . xtra Tree
. Yiku paest o Destek Vektsr Makineleri
s  Gradient Boosting
Grs#¥hetilen y°ntemin genel akexke

2.1. Hiperparametre Optimizasyonu
Hi perparametre optimizasyonu bigr° rmondtessiénn ¢me
yakal ar ve bunu daha ©°nce alénmék dijer g°or

al goritmasénda, model ejitil meye bakl amada
gerekir. Model in hiperparametreimaverisni n has
czerinde model in performanséneé maksi mi ze
belirl emek genellikle manuel olarak ve ©°nc
Ancak bu y°ntem her veri setinde ayné bak:
vapél andérmal aréné daha et kil: Kekil de kekf
Bayesian optimizasyonu ve Genetik Algoritma gibi otomatik hiperparametre ayarlama

y°ntemlerine ihtiya- duyul maktadeéer. Bu - al
i -1 hl &mél an makine °Jrenmesi algoritmal ar é
hi perparametrelerin en uygun dejerleri gene

2.2. Genetik Algoritma
Geneti k algoritma (GA), doj alnbisegrimsel i m v e

optimizasyon al goritmaseéder vV e bir-ok ada
parametre ayarlamasé ve -°z¢m bul mada kull a
hiperparametre bir kromozomla temsil edilir ve kromozomun ikili genleri,

hipepar ametrenin ondal ék dejerini belirl emel
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-aprazlama ve mutasyon iklemleri uygul anar ¢
Yé¢ksek uygunluk dejerine sahip kromozoml ar
aktar al énresvid [ er ebeveynlerinin avantajl é ©°

farkl é& kromozomlarén genlerinin belirl:i or
ol ukturul maseéene sajl amaktadeéer . Mut asyon IS
-eki tltielrimaikt adeéer . Bu i Kl eml er gen havuz:
-%z¢mlerin kaybol ma ri skini azal tmaktadeér.

2. 3. Makine ¥jJrenmesi Al goritmalar é
Bu -al ékmada uyku bozukl ukl arénén belirl en
(ET), Support Vector Machne ( SVM) ve Gradient Boosting
°Jrenme algoritmasé kull anél méekter.

Random Forest :

Random Forest [ 10], Brei man taraféendan
verilerden -ok sayéda karar a] @ | amaygeur :
ama-1| ar . Rastgele ¢retilen aja-1lar benzer t
az il i kkild@ ol up modelin akéré uyum yapmaseE
aj a- sénéefl andérma i -in bi r haotghmirv @arak r ve ¢
belirlenmektedir.

Extra Tree:

Extra Trees sénéeflandéreéceseé, t emel ol ar
°Jrenme y°ntemidir [11] . Bu algorit ma, ej i
ajacée olukturur. Exjt a @é nTdrae els° [deen meernok amé a
°czelli kleri rastgele se-mektedir. Extra Tr e
rastgele se-ilmik °zellik alt k¢gmeleriyle b
bootstrap y°ntedtenp!|l edePr hekl°ermdsikn er i n ra
kaynakl anmaktadeéer . Extra Trees algoritmase,

e
a-éséndan daha héezl édér ve daha az varyans
Support Vector Machine:
SVM (Destek Vekt?rr mda kvienyeas ir)e, g rseényéofnl ain-dién

deneti ml i bir °7 renme al goritmaséder [ 12]
adl andéreéelan en iyi =-izgiyi olukturmakteéer v
hi per d¢gzlemler séméesem@réayheéen Makginnyek
di key mesafedir. Ayreéca, SVM, °rnek sayéseén
durumlarda etkilidir SVMol er |, RBF ve | inee
fonksiyonl aréyéabbuulslagygrdalea bmadd erl kar makék
°Jrenebilir.

Gradient Boosting:

Gradient boosting, regresyon ve seéneéefland
°JT renmesi model |l erinden biridir [13]. DiJer
olar&k ol ukturur ancak herhangi bir te¢revliene
model i genel l exktirir. Gradient boosting te]
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daha g¢-1¢ bir topluluk model. halinme getir
ajlarée ile karkélakteéereldéejeénda daha g¢veni
model |l erinin dezavantaj é, sonu-1|ar én net

Gradient Boosting Tree, zayeéef @ayeéniPg¢gireal @i
-eki tli parametrelerle sénérlandeéereéel arak ka

24N er i K¢ me s

Bu -al ékmada, AUyku Sajl éjé ve Yakam Tar
k¢ mes.i 374 g°zlem ve -exkdahi obvermakt pdéenmr.in
g%zl em, ger-ek uyku durumunu temsil et mekte
s¢resi ve uyku kalitesi gibi uyku ve ge¢nl ¢k
13. s¢tun, her bireyinhedyku Yeziukkygmasu, g¥v
uyku apnesi ve uykusuzluk ol mak ¢zere ¢- uy

25.Dejerl endirme Metri Kkl eri

Makine °Jrenmesi algoritmasénén uyku bozukl
dejerl endirmek i-in karékekI|l ek matri si kul |
duyarl él ek (sensitivity), °zg¢ll ¢k (speci fi
alan (AUC) gibi ©°1-¢tler kull aineméliadeldirk dej er
modelin performanseéné °| -en bir metriktir.
kapasitesini ©°zetlemektedir. Daha y¢ksek bi
iy ayrem yapabil dijini kglies)téeda rv. e rPielrmioktmarn
Dogruluk = Lﬁf_ @)

DP+YP+¥N+DN
Duyarhhk = DP_ @)

DP+¥YN
Ozgillik = —— ®3)

DN+YP
Kesinlik = —— (4)

DP+YP
F1 — Olgiitii = ———> )

2+DP+YP+¥YN
AUC = (22— 4+ X 6)

2 "DP+Y¥N DN +¥YP
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3. DENEY SONUC¢LARI

Bu b°l ¢mde, uyku bozuklukl arénén tespitd.i a
kull anél ar aken ke k laggw tei dielnmiykt i r: KI ki varsa
i se Geneti k Algoritma (GA) ile optimize edi
3.1. Varsayélan Hiperparametrelerin Kull a
Uyku sajl éjé ve yakam tarzéTreeBMMvVE i mesi n
Gradient Boosting al goritmal ar é varsayeéel a
Varsayeéel an dej er | er-l eoalranr alk ¢ tPsypthhaonnedsuin tsacriakf
dejerler kullanél méktér Deneyl eurl |saénréal snéénkdtaé |
D°rt farklée makine °jJrenmesi al goritmasé t
farkl é& metrikler bakéméndan sunul muktur
¢izelge 1. ML al goritmal arénén performans sonu-
Model Dojrul|[Duyarl |[¥zgg¢l || Kesinlik F1-° 1 - ¢ 1t AUC

Random Forest %96 %96 %98.32 %96.16 | %96.05 0.9920

Extra Tree %93.33 %93.33 %97.21 %94.03 | %93.45 0.9561

SVM %97.33 %97.33 %98.87 %97.63 | %97.32 0.9945

Gradient Boosting | %93.33 %93.33 %97.21 %94.03 | %93.45 0.9818

Bu -al eékmada, dert farklée makine °jJrenmes
Extra Trees Ve Gradient Boosting) uy ku
performansl|l aré, varsayélan hiperparametrel e
sonu-| aegmm Wfkxek bakaréyé SVM model i g°st e
kesinik ve FX° | - ¢t ¢ dejerl eri dijer model |l ere key
dej eri de 0.9945 ile en g¢-1¢ ayert edi ci
koymaktadér .i Raenwo®6n dFojrresltuk ve 0.9920 AUC
ardendan i kinci en iyl performansé sergi.l
model | er i i se benzer sonu-1 ar ver mi K, dojr
Genel olarak, bu bulgular SVWMveaRh dom For est al goritmal ar éne
sénéflandéer él maséenda daha et ki |i ol duj unu
kar makékl ék matrisl eri G°rsel 20de veril mick
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Random Forest Extra Tree
Insomnia 14 0 1 Insomnia 14 L] 1
:; None 4 1 43 '] % None 1 43 0
Sleep Apnea 1 0 15 Sleep Apnea 3 0 13

Insomnia None

Predicted label
SVM

Sleep Apnea

Insomnia None

Predicted label

Sleep Apnea

Gradient Boosting

insomnia 13 U 2 Insomnia 14 0 1

4
None 0 4 0 None 1

True label

True label

0 0 16
Sleep Apnea Sleep Apnea 3 o 13

Insomnia

None
Predicted label

GPrs@&L 2]l goritmal ar énén
hiperparametreler)

Sleep Apnea

Insomnia None Sleep Apnea

Predicted label

kar makékl| ék mat

Geneti k Algoritma ile Optimize Edil e

Model |l er ,
gereken -exkitli
Geneti k Al gor i

en iyl sonu-1|ar e

parametrelere
t ma ( GA) , en uygun
uygul anméxt ér GA, ¢i zel ge 206deki
Forest, Extra Trees ve Gradient
hipermr ametr el er i ile el de edil en

¢i z@lGeemeti k Al goritmanén
Parametre Dej er
Maksi mum iterasy|50
Pop¢l asyon sayeés|20
Elite orané 0.01
Mutasyon ol 0.1
¢aprazl ama 0.5

el de edebi l
sahiip-tiinr,.

me
ML
par amet
paremetr e
Boosting
sonu-I|lar ¢i
Parametreler

asél e
ol as é

¢izel ge 30t eki dejerl ere
°JT renmesi al goritmal ar énén
bakéel déjénda, genel ol ar ak
pefor mans dejerl erine ulakan model l er Randor
(SVM) ol muktur . Her I ki mo d e | de %98. 67 ¢
o zgel I ¢k, %98. 75 KlesgniEi gi e OBuK6H6a Frakeén
cret mi ktRandoAmcFaokr,est model i, AUC dejeri a -
mi kKt ar daha y¢ksek performans g°stererek ¢

Al
ukl a
yé¢ksek b

glre, Genetik
uyku bozukl
ol duk- a
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algoritmasé da ol duk-a bakarelé sonu-1|ar ¢
ancak Random Forestve SMMi n ger i si nde kal mekteér. Gradi
dijer modell ere kéyasla daha d¢kégk sonu-1 ar
g°rece d¢ke¢gk ol masé, bu modelin séenéfl andeé

zayef kal dajean & . g°Bsut earlngeckr i t mal ara ai't karn
verilmiktir

¢i ze&3IMLe al goritmal arénén performans sonu-1| ar
hiperparametreler)

Model Dojru|Duyarl |¥zgg¢l || Kesinlik F1-° | - ¢ AUC

Random Forest| 98.67 98.67 99.44 98.75 98.66 0.9986

Extra Tree 97.33 97.33 98.87 97.63 97.32 0.9971

SVM 98.67 98.67 99.44 98.75 98.66 0.9975

Gradient 97.33 97.33 98.88 97.33 97.33 0.9733

Boosting

Random Forest Extra Tree

Insomnia 14 0 - Insomnia 4 13 0 2

None 0

True label
True label
g
H
2
o

Sleep Apnea 0 o 16 Sleep Apnea - o 1] 16

Insomnia None Sleep Apnea Insomnia None Sleep Apnea
Predicted label Predicted label

SVM

Gradient Boosting

Insomnia 14 ] 1 Insomnia 14 o 1

z
S
3
£
(=]

True label
>
]
3
S
)

True label

Sleep Apnea 0 0 L Sleep Apnea 1 0 15

Insomnia None Sleep Apnea

Insomni; ny ] Apni
Predicted label somnia None Sleep Apnea

Predicted label

G°rsé&L &l goritmal arénén karmakeékl|l ek matri
hiperparametreler)

4. SONUCLAR

Bu -al ékmada, uyku bozukl ukl arénén tanél an
Forest, Extra Tree, Support Vectorzerdachi ne
dert farklée makine °jJrenmesi algoritmaseé ku
varsayél an hi perparametrel eri vV e Geneti Kk
hi perparametrel eri il e Uy k u sajl eje vV e

dejerl endi Uiylgmil mtnian hi perparametre optimiz:z:
yé¢ksek performans sergilemi ktir. Random Fc
%98. 67 duyarleléek, %99.44 ©°zge¢ll ¢k, %98. 75
dej er i i | e deen e dyeir esko nPlunceu -edk mékt ér SVM al ¢
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éorr.t ayar kayéarakn aglar ametrel er
y ¢ ksek dojrul uk vV e AUC dejerl er
kl ukl arénén dojru ve g¢venilir bir
mi z e edi | mi kK maekriinnei n © jertekninheisi bimo d
ermektedir . Gel ecekt e, uyku bozukl
Sear ch, Random Search, Bayesian Op
farkl & y°ntemler kuwlyloamué lgeerra ke kH iexd

°cc O ® =~ —c
o~ un TN —TODO X
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KARDKYOVASK! LER HASTALI K TESPKTKNDE ¥ZELL
PROBEMK K¢KN KKKLK ¢EKKRGE OPTKMKZASYON A

Do - . Dr ., FEYZA ALTUNSB-EY ¥ZBAYERDAL ¥ZBA)
lFérat | niversitesi, M¢cghendislik Fakgegl't
faltunbey@firat.edu.tr 0000:0003062936888
Férat | niversitesi, Bil gi say-80000002hendi sl i
90044802
¥ZET

Kardiyovask¢l er h a sdanaal sistemiai olumsuk ¥tkilgyen cilda | p v e

sajl ék sorunl aré arasénda yer almaktadeéer. B
zaman al ece ol masénén yané séra 1insan hat
arakteéermacél ar , ma Kk i °nret e°njlreernei mM e (dViLQ mattai bka n'
yakl akémlaréna y°nel mektedir. ¥zellik se-in
vV e anl aml e °czell ikl eri belirl eyerek mod el
mal i yetl erini déekermeyiarvwer maypef laarad d rama

-ekirgelerin davranéklaréndan esinlenen ve
ol an ¢ekirge Optimizasyon Al goritmasé (¢OA)

yéll arda dikkat -ekici madabak®Aénéear gelhnem
versiyonu °nerilerek KVH verilerinde °zellli
azalteéel mek °©°#£eal IMakk el measmku K KNN) , Ensembl
Makinel er (SVM) ve Naive Bayesnbmhmmal®pteme
dejerlendirilmicktir. ¢ OA il e maki ne °Jren
birlexktiril mesi, KV H senéfl andér masénda d
sajl amaktadeéer . De ney s ekNN Ilombinasydnunun, %888z e | | i k|
dojrorakéna ul akarak en bakar él e perfor man
edil en bul gul ar , tébbi ver.i hazérl ama ve
yér et el mesine °neml i kat kél ar sunmaktadeér
benimsenmesi, erkenané ve m¢dahal eyi kol ayl aktérarak

azalteéel maséeéna ve °|l ¢m oranlaréeneéen d¢egker ¢l me

Anahtar Kelimeler: ¢ eki rge Opti mi zasyon Al goritmaseé@,

Makine ¥Jrenmesi
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THE BINARY GRASSHOPPER OPTIMIZATION ALGORITHM FOR THE
FEATURE SELECTION PROBLEM IN CARDIOVASCULAR DISEASE

DETECTION
Assoc. Prof ., FEYZAYL, ANEUNBEY P¥DBAY ERDAL !
L Firat University, Faculty of Engineering, Software Engineering, faltunbey@firat.edu.tr
- 0006000306296888
2 Firat University, Computer Engineering, erdalozbay@firat.ed @®00-00029004
4802

ABSTRACT

Cardiovascular diseases (CVDs) are among the serious health problems that negatively
affect the cardiovascular system. Manually examining these diseases is not only time
consuming but also prone to human error. Therefore, researchers are turning to machine
learning (ML)}based methods and automated feature selection approaches. Feature
selection aims to reduce model complexity, reduce computational costs, and improve
classification performance by identifying the most relevant and meaningful features in
high-dimensional datasets. The Grasshopper Optimization Algorithm (GOA), a
populationbased optimization technique inspired by the behavior of grasshoppers in
nature, has demonstrated remarkable success in solving complex problems in recent
years. In this studya new binary version of LOA is proposed, and the feature selection
problem in CVD data is addressed. The resulting reduced feature set is evaluated with
four different machine learning methods-N€arest Neighbor (KNN), Ensemble,
Support Vector MachineéSVM), and Naive Bayes. Combining MCA and machine
learning methods within a single framework enables higher accuracy in CVD
classification. Experimental results show that the MCRN combination, in particular,
demonstrates the best performance, achiemmgccuracy rate of 88.8%. These findings
significantly contribute to more efficient medical data preparation and analysis processes.
Adopting this approach in healthcare systems could facilitate early diagnosis and
intervention, thereby reducing the bundaf disease and mortality from CVD.

Keywords: Grasshopper Optimization Algorithm, Cardiovascular Diseases, Machine

Learning
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1. GKRKKk

Kardiyovaske¢l er hastal éklar (KVH), g¢negmegzd
devam et mekgenelei nddeenyan ©°nde gelen °1 ¢m o n
Ateroskleroz, diyabet, hipertansiyon, infl a
i -in bilinen temel risk faktorl eri araseéenc
verilerine gyakel,a«kkévkd 1h7e,r5 ymeill yon can kaybén
°l ¢mlerin yaklakek %3106i ni ol uktur maktadeéer
mor bi dite vV e mortalitenin birincil sebebi
harcamal aréen yeéetdabgrrdag] umitghmi doéedil mekt e
birlikte g°r¢len hipertansiyon ve dislipide
ayreéeca diyabetin kendi si de bajémseéez bir ri
yetersizIliji°ldemK&Hoygeedbanpdan kritik bir wun
hastaneye yaték oranlarénén i ki kat éna -eék
faktorlerinin d¢gzenli ol arak dejerlendirilr

be¢yeée k femearkttaaerr .

KVH6nin y¢ksek prevalansé ve mortalitesi, t
sahip y°ntemlere olan i1ihtiyacé arteérmaktad
maliyetl!l i, zaman al écé ve insan hataséna
°Jerni mi (ML) ve derin °jJrenme (DL) gibi ver
daha fazla kug]l. anBumgRnadetr ef 4 -exitl]i has
senéflandérma s¢re-lerinde bakareél @& sonu-| ¢
veril er ve gereksi z ya da ge¢reltel ¢ °zell
olumsuz etkileyerek hesaplama fabkl yekl eset nim
(feature selection, FS®> n e ml i bir °n ikl eme adeéeikmé ol ar ¢
se-i mi, en i Lgil i czell ikl eri belirl eyer g
verimlilijJini artérmakta ve sé&h2gflandér ma d
¥zelli k se-1i mi problemi, dojasé gereji k o mb
veri kb mesinchgg €éda ©°zell i k bul u'rodwjsen daal,t tkesomei
konusudur . Ancak, °czell i kl e be¢yék ver.i S ¢
dejerlendiril mesi prati kte m¢gmkegn ol madeéej é
al gori t maollaarréa ky akyugg@nanél maktadér [ 13]. Doj a
eden S ¢ zek ©s e temel | i algoritmal ar, kK ¢
sunmaktiadé¢r PSdba yéllarda °nerilen ¢ekirge
doj adaki -eki dgerenérl agéndan esinlenerek

karmakék optimizasyon probl emlieglli nde umut v

on
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Bu -al é@&kma, GOAO6nén i kili versiyonunu Kkul | 8
se-i mi ger - ekll @ma k trancegn . a%$e@-i |l e-Bn °Yakénk a
Komku ( KNN) , Ensembl e, Destek Vekt©°r Maki ne
makine °Jrenimi sénéeflandéréceéelaré ile test
verimlilik sajlac@&k maemojdeulsejnierfd artérar a
géevenilir tespitine katke sunmakt ér .

2. KLGKLK ¢ALI kMALAR

Son yell ar da kardiyovask¢l er hastal ekl ar ér
optimizasyon tekni kI eri I | e makniumea °yj°rneen m ek:
-al eéxmal ar gi derek artmaktader. Bukhari vV e
amacéeyla L®&vy flight tabanl é ¢ekirge Optir
edil mik yéjéenl anmék evri ki msel syhAnt emj & ( (
arama s¢recinde kekif ve s°m¢gr¢ dengesini e
artermexter. Benzer «kekilde Zhou ve ark. [

birlektirerek opti mum bir tané zagon- evesi
y°ntemlerine kéyasla daha y¢ksek séneéefl and:é
I

[19], CNN mimaril erini GOA il e optimize et
dojruluk oranlaré rapor etmiktir-I| draingde e

SVM performanséné optimize etmek 1 -in adve
y°ntem g¢venilir tahminlerde °nemli avant a
hastal ek ver.i k¢mel erinde °zel |l i k-baseé - 1 mi a
GOA) algoritmaséné °nermi kKtir. LAGOA, gel en
ayért edici ve kompakt ©°zellik alt k¢mel er
-al ékmal ar , KVH tanéeésénda °zell ik se- i mi

t¢e¢reveéeenekinjini ve etkinlijini a-éeék-a orta
GOA merkezli yakl akemlarén °tesinde, KVH te¢
°Trenme y°ntemleri de araktermal arda geni
gel i ktirilmik asdzoomt ivfarywyalnarn aapEtniéeémi®ozner mi K Vv ¢
ver.i k¢mesinde %906én ¢zerinde duyarl el ek,

Mohan ve ark. [ 23], hibrit rastgele or man
gel i ktirmik vmi rkian doe h%88&,a71 éd ] rtualhuk or aneée b
ar k. [ 24] , l oT sens®°r veril-meams &luddraintamas
°zelli k -ékaremée i-in ise Lineer Kuadratik
DG_ConvoNet modelilie %96 dojrul uk oranéna ul akmékt
XGBoost algoritmaséné kullanarak Napve Baye
yé¢ksek dojrul uk, kesinlik, ger i -aj érma ve
Kekil de Singhal v é deakkl § 28ML, model i ni kar kK
al goritmasénén %91, 3 dojrul uk il e en Iy i

Al gaht ani ve ar k. [ 27], rastgele orman t absz:
dojrul uk or anenad wel aak 28],k lteldeb .transkéa Maodelini

deji ktirerek KVH hastalareée i-in °9zg¢n model

=O0OP
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Nanehkaran ve ark. [ 29], deneti msiz DBSCAN
%95 dojruluk oraneée D[30], iD CNMLSHEM hibrit modelanid ad v e
kull anarak ol ajan¢gste¢ bir baxkareée i1l e %99, 5
kardiyak anormalli k tanésénda CNN tabanl é |
-ajérma ve F1 puanéel aréasendans,Anpekif orF mma @3
Hassan ve arKk. [ 32], kardiyovaskg¢l er ot on
sénéflandérma stratejisi kull anarak erken t
artermexter. Baghdadl goei amahsep&83kuli ban&nralk
tanésé i -in %90, 94 dojruluk ve yakl akéek %92
Bu -al ékmalar bir b¢gtegn ol arak i ncelendijin
tahmininde maki opt i°mirzeansnyeosni yialkel ak éml ar éné
gesterdii]i ge°r ¢l mektedir. GOA gi bi sezgi se
ansambl model |l erine, transfer °Jrenmeye Vve
yel pazesi kull anal pgakaér. °kcetbkerhkteroeki mbz:
makine °jJrenmesi seénéflandeéereéeceéelaréyla hibr
veri ci sonu-1| ar e verdijJini ortaya koy mak:
hastal ékl aréen daha edmkengigeepiliedklemel de
karar destek sistemlerinin g¢-lendiril mesi

o
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3. MATERYAL VE Y¥NTEM

| Her gekirgenin uygunluk degerini hesapla |

!

En iyi cozimii Hedef olarak belirle

KVH

Verikimesi

¢ degerini Giincelle D(1)

| Cekirgeler aras| mesafeyi [2,4] araliinda normalize et |

}

Dist ve F(Dist) hesapla D(2) ve D(3) |

)

Konum vektoriinii giincelle D(4) | Hayir

I

R o
1
1
)
1
1
I
1
1
1
1
)
i

m " T Hedefi en iyi ¢oziimle giincelle

] |

Ozellik Segimi l
1
1
1
1
1
|
1
1
1
I
!
1
1
1
1
1
1
I
)
1
1
1
1
1
1
1
)
!

Veri Onisleme

Durdurma kosulu saglandi m1?

*« KNN

« Ensemble
« SVM

« NB

Siniflandirma

En iyi ¢ozimi dondir

G°rsel 1. YGOAisient KMHNIi n akék diyagr ame
KVHGOEN d¢gnya gerfdlégimm dree d’emndee rg enldeem  bi r i ol r
tahmin modellerinin gelixktiril mesini Kriti
zel |l ik se-i mi s¢recinde GOA kull anéeme, ML
rterarak °1 ¢m orvyaelliamre na ligxtiirrme Bw tmendda n |
stemlerine entegrasyonu yenilik-i ve uygu
u -al ékmadaiGOAertialbeem| EVHK i st em, kar makéKk
zerinden °jJrenebimértcek. k8ksti emi nt agaméeélani K
emati k ol arak sunul maktadeéer. Kl k akamada,
Kl eme y°ntemleri, tutarl el é&j én korunmasé
ygul anméxkt er . Bu kapgarmdmee say kvéer és echedjferd een
[
t
K
u

o

X0 mv oo

deri | mesi I Kl eml er i ger-eklexktirilmicktir
andartl aktérma prosed¢gr¢ uygul anarak veri
amasénda kullanéel apt G@Azabgoni gfthaseel| ef and
|l l anél an, yerel arama yeteneji y¢ksek, heé

ntemdir . Literatg¢grdeki bul gul ar GOA®GN
e NB gibi ML vy o ntiennligfriiniknu |kl aarnkéél | aar katké r e2tl km:
akémdan, sistemde GOA tabanlé °zellik se-

O< TOX 992w« C
-
<
(]
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farkl & ML algoritmal arée ¢zerinde test edi | i
bir dejerlendirme yapeéel méxktér.
3.1. Ver K¢ mesi

Hear't Di sease Cleveland (HDC) veri k¢ mesi
kol eksiyonunun bir par-asé ol up, KVH ar ackt
benchmark ver.i setidir [34]. Cleveland ver
7% ©°zellik i-erirken, |l iterat¢rde sékl ekl a
Keklindedir. Veri seti toplamda 303 °rnek |
ya da fAgoal 060) hastanén kalp hastaltejrangar seal
genell i kle -ol)sgrefilne daj] adrljex kE® binary I
ol an dejerler O6vardé kKeklinde etiketlenmikt.i
Veri k¢mesinde bazé g°zlemlerde eksi k deje
czelli kl erkilrede bel dginknekt edi r . ¥zelli k tiple
yack, trestbps, chol , t hal ach, ol dpeak) hem
cp) . Hedef deji kken (Anumo ya da nAgoal 0) b
belirtmek binary sénéeflandérma probl emi ol a
dejerl eri Ahastal ekl €0, 0 dej eri Ansaj |l ekl
sénéflandérécélar hastalék var/yok ayréemeée vy
kolaycael@ edi | ebi |l mesi , veri boyutunun makul o
al maktadeér . Eksi k verilerin ol maseée, baze ©°
klinik wuygul amada yoruma a-ék ol masé, veri
i -iarkkawece ol abil mektedir. Veri k¢gmesine a
ol arak verilmiktir.

¢izelge 1. Veri k¢mesinin °2zellikle
¥zel IKs mi A- ekl ama
age Y ack Hastanén yaké (yél ol ar
sex Cinsiyet Erkek/ Kadén (°r hadieéenm) 1
cp G°jJ ¢s AjréseéeAjre tipi (tipik angina
trestbops Di nl eni k KanmBakvurudaki dinleni k ka
chol Kolesterol Serum kolesterol seviyesi (mg/dl)
fbs A-1 ék Kan keA-1é&k kan kKkekeoimadépe
restecg Di nl eni k EC CEIektrokardiyografi ile elde edilen dinlenik ECG

durumu
thalach Maksi mum KalEgzersiz sérasénda -éka
exang Eg.zersizle IEgzersizle g °0jl ¢usk meajdrég see
Angina
oldpeak ST Depresyonu Egzersiz sérasénda ST d
slape ST Segment Eg;er_siz sérasénda ST s
ej i mli

ca Boyanabilen K major afdt)erf | vayweskéd p@io
thal Talasemi Durumu Normal / sabit defekt / tersinir defekt

oY
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¥zel IKs mi A- ékl ama
hastanéen kalp rahats

. .. 1,
target Tahmin Deji Kbelirtir

3.2. ¢ekirge Optimizasyon Al goritmaseée (G

Bu -al ékmada, KVH tahmini ik-uilnl anzd Iméikk és e -
-ekirgelerin dojadaki g°- ve yayeéeléem davr ar
metas ezgi sel optimizasyon algoritmaseédér. Alc
ve s°m¢gre¢g (exploitation) rmnaxmamalaagérmrdasénd
-0z ¢ mg el de et mektir. GOAbOnNnéEnN I Kl eyi Ki ne
di yagramé i -erisinde verilmickktir. Kkl em akeé
Bakl aRamat gel e ol arak -ekirge pope¢l asyonu o
konum vekt°ry¢ belirlenmektedir.

Uygunluk (Fitness) fonksiyonu hesaplamdier - ekirgenin -°z¢:;m kal
uygunl uk dejeri hesapl anmaktader .

En iyl -%z¢megn b ®loiprll asmeni | (-Tarde&ti ) :cen i yi
sahip -ekyomei-ionihedafs -°z¢;m ol arak at anma
c parametresinimekggegmgeelelre mmeksanum g¢ncelle
saj] |l ekyaaansayésé Denklem (1) ile g¢ncell enmek:
c:cmax—(wxfter) (1)
buradacmaxvecmnp ar amet r eni n b ak | anmegmevcutwerasybnu,t i K d e ]
itetrmax i S€ maksi mum i terasyon sayéseéneé i fade
al goritma baklarda keki f ajérlekle -alexker
ge-mektedir.

Mesafe Normalizasyonu: ¢ e ki r gel er arase mesafeler [ 2,
edi |l mektedir. Bu i klem s¢re¢ ¢yelerinin birb
noktada toplanmaséné engell eyerek -exitlildi
Etkilekim Fonksé¢glgiehmeHeanpbamat kil ekim kuv
(3) ile hesaplanmaktader:

Disty; =[xy — x| @

S(Distu-) =f- e~ Distij/l _ ,—Dist;; (3)

buradaDistj i. ve j. -ekirgeler ar as énd ik fonksipens af ey i
mesaf eyei-beakkmhee kiuvmeet i ni mo d efhel,e meekktierdg erl. e rPi
etkilekim yojunlujunu ve etkilexkim menzilin
Konum G¢nlded | eenlkei: rgenin yeni pozi syonu Denk
X[t = C( ?:1.;#:‘0 ﬁs (H“j _xiH)) +7T (4)

buradax!*'g ¢ ncel | enmiudi peri sghinuog & iseoritérasyokda n u mu n u
bul unan en A -%z¢m¢g go2stermektedir. Bu
etkilenmekte hem de en iyl -%z¢m dojJrul tusu

oo
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HedefinG¢ncel | lenenedsyon sonunda mevcut pope¢l as
dejerine sahip birey yeni hedef (Target) ol
Durma Kriteri: Maksi mum i terasyon sayéséna ul akel d:
i yilekme g°zlenmedkjadde. al goritma durm

SonueEn iyl -%z¢em (°zelli k subseti) -éekte

aktareéel maktader .

Bu y°ntem sayesinde gereksiz ve tekrarla
( KNN, Ensemble, SVM ve Nai ve kBayqg sr)ul duekh a0 r aaz
ul akmasé sajlanméxtér. GOAOGnéen y¢ksek boyu
y°ntem ol duju deneysel sonu-larl a da ortaya

4. DENEYSEL SONUC¢LAR

Deneysel I-mtlelk mMadrae ,i 7 NMIDIARTX @dQTi GPW Ve@2nc |

GB RAM kapasitesine sahip bir makine ¢zerin
s¢re-lerinde gereklii hesapl amaegéic iy ses ajml
sénéfl agdeMATRABIR202laor t améeénda y¢ér et el megkt or .
bir deneysel altyapé olukturul muk ve hem K
yakl akémlareée sistemati k ol arak ger-eklexktir
T¢e¢m al goritmal arémé dé&joeul émadi rviel mear g meayr e
ger-eklexktirilmiktir. Deneysel -al ékmal ar da
50 olarak belirlenmik, iterasyon sayésé |
dejerleri, ¢i zel gen 2demeyvseerli | @m@lii zilzeerr es on
dejerl er ol arak se-ilmiktir. Deneysel test
I ndi r mek amaceéeyl a tem Pstatistiksel sonu-
kaydedi |l mi ktir. Beyl dcgmlerdeai adiglgemnp &1 T 0
sonu-I|larén istatistiksel a-eédan daha sajl an

¢i zelPpa aznet re dejerl eri
Parametre Dej ¢
Populasyon boyu50
Kt er asy 0100
¢tal éxt érdo

Cmax 1
Cmin 0.0000:
| 1.5
f 0.5
Deneysel sonu-|lar GOA ile ©°zellik se-imi u

KNN, Ensembl e, SVM ve NB ol mak ¢zere dort f

hassasiyet, °zgkdr ke ABGCimeét ki, kIFdrr. bakeéemé
¥zell i k se-i mi sonraseée ver.i k¢e¢mesinin ©zel
ol dpeak, slope, ca ve thal ol mak ¢zere 80e
¢izel ge 306te sunul an deneysel sonu-1I|ar, ©°ze
veri seti le°neri | enAOAKMH mel | i °czell ik se-i mi S

nMm
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sénéflandérma performansl|l arénén karkeéel akteér
bul gul ara g°r e, GOA il e yapeéelan °zelli k se
0] - ¢de g@Prrted rme&jtée di r .

¢i zelge 3. Veri k¢mesinin °zellik se-imsiz ve
sonu-1laré.
Y°nt eSénéfl Doj r tHassasiye ¥ z g ¢ | Kesinlik F1-skor AUC
KNN 0.832 0.830 0.833 0.866 0.848 0.832
Orijinal Ensemble 0.838 0.832 0.846 0.878 0.855 0.839
Veriseti SVM 0.832 0.823 0.844 0.878 0.850 0.833

NaiveBayes  0.828 0.818 0.843 0.878 0.847 0.830
0.888 0.896 0.878 0.896 0.896 0.887

SCZ)AeIIIe | Ensemble 0.878 0.863 0.898 0.921 0.891 0.881
se- i SVM 0.855 0.845 0.868 0.896 0.870 0.857

m
NaiveBayes  0.855 0.853 0.857 0.884 0.868 0.855

i k se-i mi yapél madan kull anélan oriji
e Bayes sénéeflandéréecélarénén dojrul uk
e

I
Nai v
a karkel ek, GOA i | se-il mik °zegdlikler
[
[
n

B u
bi -

¥ze
i
n

mde y¢ksel diji ve %85.5 ile %88, 8 aras
ver setindeki ger el tel ¢ veya séenéfl andér
el enmesinin, modelin genelleme yetenejini a
vV e °©zge¢ell ¢k dejerl eri i n ck&N eva dBEngembhed e GOA
y°ntemlerinde g¢-1 @i kbkiart etekkimesapldade] €& r ne
hassasiyet %83.00dan %89.606ya; °zg¢l !l ¢k 1 s
Kekil de Engdgendbel eh ays®°smatseéeny et ( %83. 26den %86. 3
%8 86e) a-éeéséendan kayda dejer bir gelikim
araseéendaki ayréeme daha net hal e getirdiijir
sénéfl andéemmbhaéaean Baatakée sajladejéené ortaya

S5 9 © X »w S

KesinlkveFts koru dejerl eri a-éséndan da benzer &
KNN sénéflandéerécéséskoGOA 689 abf khey? heek
bul gu, KNNOénin iGOAenamadgd&daanethieci °zel l ikl
bir performans sergiledijini g°stermektedir
sénéflandéer éceéel ar én GOA sonrase daha y ¢ ks
go°r ¢l mektedir. ¥rzteed mii K 0. EXS@&adbh e %2881 0be
e] risi altenda daha g¢venilir bir séneéefl and

(o]l

MN
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Ensemble Naive Bayes

True Clas:
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Predicted Class Predicted Class
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False posiive rate False positive rate

G°r el Veri k¢gmesinin °zellik se-imi °ncesi 4 f a
ve ROC ejrileri

Sonu- ol arak, G@Gmetyalkadnlbaul Qaueélalri Kk se-i1 mini

hastal ék verilerinde sénéfl andeér ma bakar e
ol dujglPmu er mektedir. ¥zellikle KNN ve Ensem
fayda saffllarydaar seénléar ol muktur . Bu bajl amde
t ébbi veri anal i zi ve karar destek sistem
yé¢ksek dojruluk gerektiren klinik uygul ama
ortaya kdemeaektseedérs.onu-1lara ait séeneéeflandér
matrisleri ve ROC ejrileri séraseéeyla G°rsel

KNN Ensemble SVM Naive Bayes

True Class

Predicted Class Predicled Class Predicted Class Predicted Class
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Gor 8el ¥ner i-G@A tKevmle !l | i czelli k se-i mi sonraseéen
kar mama&tkt iesi ve ROC ejrileri.
5. SONUCLAR

Bu -al eékmada, kardiyovaskg¢l er hastal ékl ar e
se-iminin sénéflandérma performanséna et kil
GOA ile el de edilen ©°zellik alt k¢gndel eri nin
arterdéejeéné ortaya koymaktader. Orijinal V €
orané %82.8 ile %83.8 arasénda kaleéerken, GO
oranl arénén %85.5 ile %88. 8 sevidyoglreurliunke vy
dejerl eri ndde iylaak | Ak e kr asscafda nbieif éme&t grR st er
¥zelli kl e KNN algoritmasénda d%5 .r@dlukk %8i3r.
i yi |l ®axjmeaméexkt ér . Benzer «kekil de Ensemble y?°
%4.061 ék bigPsggekr mkKmi r . Hassasiyet dejerl eri
GOA wuygulamasé ile en y¢ksek arteéexk KNN al
%89. 66ya gkl ek ekilrdei ywidlidkme t i r. ¥zge¢ll ¢
Ensembley ° nt emi ©°ne -ékmék ve %B4260danéfmml88. §ék
sajl amexkteéer . Bu bul gul ar, GOAOGnén sénefl ar
sénéflandéer mal ar é azalttejene g°stermekt ec
algoritmalarda ifi e k me g°zl eml enmi kK ol up, Ensembl e vy
y¢é kse%hertekoranghsdbheamit e ki r . Genel ol arak, vy
°czelKNMKIwe Ensemble sénéflandéréecéelareée ¢zer
saj]l adg@jsédmeimekteld sonu-1ar, yé¢ksek dojrulu
gerektiren tébbi tané sistemlerinde GOA ta
ol abil ecejini kanéetl amaktadér . Ayr éca, el d
anl amlé olidwljew weaenl°é&kelnegatif oraneneée dg¢kyg
a-eédan °nemli kat kéelar sajladéjé s°ylenebil
y°nt emi, kardiyovaskg¢l er hastal ékl ar én €
al goritmal ar éénréann beatkkairléimemiér aynt em ol ar ak
-al ekxmal arda bu yakl akémén farkl e teéebbi vV e
y°ntemleri ile b¢gtegnlexktirilmesi ve ger-ek
edil mesi ©°neril mektedir.
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Abstract. We solve exactly the relativistic finidifference equation for the quantum
threedimensional ringshaped oscillator potential. Our investigation is based on a-finite
difference version of relativistic quantum mechanics. -c8ted relativistic
configuraional r-space is a key concept here. We show that the radial wavefunctions and

angular wavefunctions are expressed through the continuous dual Hahn polynomials and
Jacobi polynomials, respectively. A discrete energy spectrum has been found. The radial
wave functions and energy spectrum have the correct nonrelativistic limit.

Keywords: Relativistic finitedifference equation of motion; rirghaped oscillator
potential; the continuous dual Hahn and Jacobi polynomials; nonrrelativistic limit.

PACS numbers03. 6 5. Ge, 03.65. Pm, 03.65. 1w

1. Introduction

In quantum mechanics (relativistic and nonrelativistic) often arise the problems
related to finding the energy levels and the wave functions of a particle moving in a certain
potential force field [L3]. A fundamental equation of motion of the nonrelativistic
guantum mechanics is the Schr°dinger equat
molecular physics, atomic and nuclear physics, quantum chemistry, etc., occurring at low
energies [1,2]. The descriptiofi ghysical phenomena occurring at high energies should
be based on relativistic wave equations [2, 3]. If the interaction potential is not enough to
create particlieantiparticle pairs, we can apply the Kle@®ordon equation to the
treatment of zergpin paticle and apply the Dirac equation to that df/&2 spin particle.
Note that the KleihGordon equation and the Dirac equation are the most frequently used
equations for the description of the particle dynamics in relativistic quantum mechanics.

=Nz



LATIN AMERI CA 11th |I NTERNATBEONEBENTCBNEEREREEBRONES
Octolier 2RR26G DE JANEI RO
I SB\NR. 6 2% 840

www.akademikongre.org

We also not¢hat, in addition to this, there is another, namely, the fohiterence version
of relativistic quantum mechanics, developed in the works (sd8][4nd references
there).

In many works using various central and fo@mtral (or ringshaped) p@ntials the
problems of both norelativistic (e.g., [1425]) and relativistic (e.g., [481]) bound
states and scattering states are studied. It should be especially noted ttetitradnor
ring-shaped potentials are widely used in various fields obrdieal physics, for
example, in nuclear and atomic physics, in the physics of molecules, and also in quantum
chemistry. Such potentials are used in quantum chemistry to describe the properties of
the organic ringshaped molecules such as benzene, anddftear physics to study the
interactions of a deformed pair of nuclei. One needs to note that Quesne in published
work [15] introduces a new ringhaped oscillator potential. The Quesne potential is
defined by

Vol(r, 9) :},2(},2 + an® ) y = — (1.1)

rZsin?d mz'’
wheren, a,q are three dimensionless positive parameters. The exact solution of the
relativistic finitedifference wave equation with the rispaped Coulomb potential was
found in [30].
The purpose of the present paper is to generalizextéely solvable nonrelativistic
Quesne ringshaped oscillator potential (1.1) to the relativistic fudiference quantum
mechanics case.

2. The finite-difference relativistic quantum mechanics

The key concept in the finHeifference version ofelativistic quantum mechanics is the
notion of the threelimesional relativistic configurationatspace. The corresponding
canonically conjugate momentupaspace is the thre#gimensional Lobachevsky space
realized on the upper sheet of the mass hypeibolo
p3 —p? = m2c?, p, > 0. (2.1)
Bothr- andp-spaces are related to each other by the relativistic Fourier
transform

V() = o] DY)y, (22)

dp

Do

where de = mc is the relativistic threglimensional volume element in the

momentum Lobachevsky space and the fundigmr) is therelativistic plane waves
§(p,r) = (F=)7A (2.3)

Here,r = rn, 0 = r < =, n = (sinBcosg, sindsing, cosd) is the unit vector
along the radius vector, afld= a/(mc) is the Compton wavelength of the particle.
Therelativistic plane waves (2.3) obey the findd#ference free ScRAdinger equation

=nNT
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(Ho — Ep)‘f(p- r)=0. Ep = CPo, (2.4)
where the finitedifference operator
: LA : L2 -
Hy = myc? [cosh(f.ﬂar) + L;Slnh(z)lﬂr) + z[mﬂcr]ze‘ﬂar : (2.5)
is the free Hamiltonian anl? = —hz.ﬁg,tp is the square of the angular momentum
operator
1 . 1
12 = —h2 [maﬁ (sind dg) + —= 02 |. (2.6)

The equation for the wave function of the relative motion of two scalar particles
with the interaction potentid/(r) in the relativistic configurationat-space can be

obtained from (2.4) and has the form
[Ho + V()] (r) = EY(r). .7)

In the nonrelativistic limit we have
lim &(p,r) = eP/R, (2.8)
C—0

3. The finite-difference relativistic ring-shaped oscillator model
We now consider a finitdifference relativistic ringghapedscillator model with
the potential

V() = Emew?(r + id)2 + L2 etor, (3.1)
where the functiorf () defines the ringshaped nature of the potential and has the form
[15]

o cos® 9+ 8 cos 9+y

f(ﬁ) — Sinzﬁ (3'2)
Herea, § and y are positive parametershé& potential (3.1) has a correct
nonrelativistic limit
lim V(r) =§mﬂm2r2 -I—%. (3.3)
c—
The operator (3.3) is Hermitian with respect to a scalar product
W1, 92) = [ ¢, (r)dr, (3.4)

Le. (Vyq,¢5) = (Y, Viy). Here, the functiong, (r) andy, (r) vanish at the points
r = 0 andr = = together with all their derivatives.
We want to find a solution to equation (2.7) with potential (3.1) and (3.2). To do

this, we definey(r) = %R(r), then we obtain the following equation for the wave
functionR(r):

ny
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[mgc? cosh(idd,) + ef49r 4 G mow?r® + @) e49r —EJR(r) =0, (3.5)

LZ
2mgr(@) riz)
wherer@ = r(r + i) is a generalized degre€his equation allows the separation of
variables. Since the Hamiltonian of equation (3.5) commutes with the operator

L,= —ihd,, we can look for the wave function in the form

R(r) = R(r)F(ﬁ)%e‘m@, (3.6)

wherem = 0, +1, +2, ... is the usual magnetic quantum number. Substitution of (3.6)
into Eqg. (3.5) leads to a seftfinite-difference and seconarder differential equations

[cosh(id,) + (5 w3p® + 2;‘;2:,)31'% — £]R(p) = 0, (3.7)
[67 + ctgddy — —om — 20 £(9) + AIF(9) = O, (3.8)

wherep = r/1 is dimensionless variable, is a separation constant ag® = p(p + i)

. The value for the parametarwill be determined from the angular equation (3.8). In
addition, we have introduced the following notatieng = hw/myc?, € = E/myc?.
Obviously, wherf (1) = 0, we haveA = [(I + 1).

4. The solutions of the angular equation

We investigate the solutions of the andpendent equation (3.8) [30], whefr@d)
is given in (3.2). In terms of the new variabie= cos 9, we obtain the following
equation for the functioR (9) = F(x):

2 _ _ 2
[0f — e+ s IF ) =0, (4.1)

where
(4.2)

We look for the solution of eq.(4.1) in the form [29]

(4.3)
where is the weight part, and is the polynomial part of the angular wave
function . From the condition of finiteness of  at points it follows that
the parameters and must satisfy the inequalities . Then forthe function

we obtain the following equation

(4.4)

Here we use the notations , and also

no



























































































































































































































































































































































































































































































































































































































