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¥ZET 

Yaĸlanma, organizmalarda zamanla meydana gelen, yapēsal ve iĸlevsel kapasite kaybēna yol 

a­an karmaĸēk ve ­ok yºnl¿ bir biyolojik s¿re­tir. Genomik instabilite, telomer kēsalmasē, 

epigenetik deĵiĸiklikler, proteostaz bozulmasē, d¿zensiz besin algēlama, mitokondriyal 

disfonksiyon ve h¿cresel senesans gibi h¿cresel ve molek¿ler d¿zeydeki deĵiĸimler, 

yaĸlanmanēn belirleyici biyolojik ºzellikleri arasēnda yer almaktadēr.  

Bu s¿re­te mitokondriler, h¿cresel enerji metabolizmasēnēn merkezinde yer alarak yaĸlanmanēn 

hem nedeni hem de sonucu olarak kritik bir rol ¿stlenmektedir. Mitokondriler, yalnēzca 

adenozin trifosfat (ATP) ¿retiminde deĵil, aynē zamanda reaktif oksijen t¿rleri (ROS) ¿retimi, 

kalsiyum homeostazē, apoptoz reg¿lasyonu ve h¿cresel redoks dengesinin saĵlanmasē gibi ­ok 

sayēda yaĸamsal iĸlevde gºrev alērlar. 

Yaĸlanan h¿crelerde mitokondriyal biyogenez, dinamikler (f¿zyon, fisyon, mitofaji) ve enerji 

¿retim yollarē (ºzellikle OXPHOS) bozulmakta; mitokondriyal membran potansiyelinde d¿ĸ¿ĸ 

ve ROS ¿retiminde artēĸ gºzlenmektedir. ROSôun aĸērē ¿retimi, telomerik DNA hasarē baĸta 

olmak ¿zere genetik yapēya zarar vererek DNA hasar yanētē (DDR) ve h¿cresel senesans 

mekanizmalarēnē tetikler.  

Ayrēca yaĸlanma s¿recinde glikolize artan baĵēmlēlēk, NAD /NADH oranlarēnda dengesizlik ve 

TCA dºng¿s¿ndeki metabolit deĵiĸimleri mitokondriyal metabolizmanēn yaĸlanmadaki 

merkezi rol¿n¿ daha da pekiĸtirmektedir. Mitofajinin azalmasē sonucunda iĸlevsel olmayan 

mitokondrilerin h¿cre i­inde birikmesi ise yaĸa baĵlē doku disfonksiyonlarēna ve inflamatuar 

yanēta katkē saĵlamaktadēr. 

Mitokondri kaynaklē bu deĵiĸikliklerin yaĸlanmaya ºzg¿ bir senesans yanētē olan MiDAS ile 

doĵrudan iliĸkili olduĵu gºsterilmiĸtir. Bu baĵlamda yaĸlanma biyolojisini ve mitokondrilerin 

yaĸlanma ¿zerindeki belirleyici etkilerini anlamak, yaĸlanma karĸētē terapºtik hedeflerin 

geliĸtirilmesi ve yaĸa baĵlē hastalēklarēn ºnlenmesi a­ēsēndan b¿y¿k ºnem arz etmektedir. 

Anahtar kelimeler: Mitokondri, H¿cresel yaĸlanma, mtDNA, reaktif oksijen t¿rleri (ROS). 
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ABSTRACT 

Aging is a complex and multifactorial biological process that occurs over time in organisms, 

leading to a gradual loss of structural and functional capacity. Cellular and molecular changes 

such as genomic instability, telomere shortening, epigenetic alterations, loss of proteostasis, 

dysregulated nutrient sensing, mitochondrial dysfunction, and cellular senescence are among 

the hallmarks of aging. In this process, mitochondria play a critical role as both a cause and a 

consequence of aging, being at the center of cellular energy metabolism.  

Mitochondria are not only responsible for adenosine triphosphate (ATP) production but also 

involved in vital functions such as reactive oxygen species (ROS) generation, calcium 

homeostasis, regulation of apoptosis, and maintenance of cellular redox balance. 

In aging cells, mitochondrial biogenesis, dynamics (fusion, fission, mitophagy), and energy 

production pathways (especially OXPHOS) become impaired; a decline in mitochondrial 

membrane potential and an increase in ROS production are observed. Excessive ROS 

production damages the genetic material, particularly telomeric DNA, triggering the DNA 

damage response (DDR) and cellular senescence mechanisms.  

Moreover, increased reliance on glycolysis, imbalances in NAD /NADH ratios, and alterations 

in TCA cycle metabolites during aging further emphasize the central role of mitochondrial 

metabolism in this process. The accumulation of dysfunctional mitochondria due to decreased 

mitophagy contributes to age-related tissue dysfunction and inflammatory responses. 

These mitochondria-related changes have been shown to be directly associated with a 

senescence response specific to aging, known as MiDAS (Mitochondrial Dysfunction-

Associated Senescence). In this context, understanding the biology of aging and the pivotal role 

of mitochondria in this process is of great importance for developing anti-aging therapeutic 

targets and preventing age-related diseases. 

Keywords: Mitochondria, Cellular senescence, mtDNA, reactive oxygen species (ROS). 
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1.GĶRĶķ 

1.1. YAķLANMA 

Yaĸlanma, genomik instabilite, telomer aĸēnmasē, epigenetik deĵiĸiklikler, proteostaz kaybē, 

d¿zensiz besin algēlama, mitokondriyal disfonksiyon, h¿cresel senesans, kºk h¿cre t¿kenmesi 

ve deĵiĸmiĸ h¿creler arasē iletiĸim dahil olmak ¿zere yaĸlanmanēn belirgin ºzellikleriyle 

yºnlendirilen kompleks bir s¿re­tir. Bu ayērt edici ºzelliklerden h¿cresel senesans, doĵrudan 

yaĸlanmanēn ve yaĸa baĵlē hastalēklarēn temel itici g¿c¿ olarak gºsterilmiĸtir [1]  

Ayrēca yaĸlanma, artan morbidite ve mortalite olasēlēĵēyla iliĸkili olarak iĸlevsellik ve 

organizmalarēn yeniden ¿retilebilirliĵinde zamana baĵlē kalēcē deĵiĸiklik olarak 

tanēmlanmaktadēr [2].  Yaĸlanmanēn bir sebebi olan h¿cresel d¿zeyde yaĸlanma ilk olarak 

Hayflick ve Moorhead  tarafēndan tanēmlanmēĸtēr ve bunlar insan birincil fibroblastlarēnēn 

bºl¿nme yeteneĵinin sēnērlē olduĵunu gºstermiĸtir.  

Bu durum Hayflick sēnērē olarak bilinir ve telomerlerin ­oĵalma s¿reci nedeniyle uzunluklarēnē 

koruyamamasēndan kaynaklanēr. Sonu­ olarak, h¿creler ­oĵalma kapasitelerini kaybeder ve 

geri dºnd¿r¿lemez h¿cre dºng¿s¿ durmasē durumuna girer, daha sonra h¿cresel veya ­oĵaltēcē 

senesans olarak adlandērēlēr [2] 

H¿creler bir­ok stres faktºr¿n¿n etkisi sonucu yaĸlēlēk durumuna ge­ebildiklerinden, farklē 

tipteki yaĸlanmalar kronolojik ind¿kleyicilerine gºre adlandērēlmēĸtēr:                                                                                                                     

¢izelge 1. Yaĸlanma t¿rleri   

Replikatif yaĸlanma Geri dºnd¿r¿lemez proliferasyon durmasēna 

ulaĸana kadar k¿lt¿rde pasajlanan h¿creler 

i­in 

Onkogen kaynakli yaĸlanma (OĶS) ¥ncelikli olarak RAS olmak ¿zere bir 

onkogeni aĸērē ifade eden h¿creler i­in 

Terapi kaynakli yaĸlanma (TĶS) Y¿ksek ancak ºld¿r¿c¿ olmayan dozlarda 

ila­ veya kimyasallara maruz kalan h¿creler 

i­in 

M tokondr yal d sfonks yon kaynakl  

yaĸlanma (MĶDAS) 

Derin mitokondriyal bozulmalar ge­iren 

h¿creler i­in 

Imm¿nolojik olarak kaynakli yaĸlanma Aĸērē proinflamatuar faktºrlere maruz kalan 

h¿creler i­in 

 

T¿m bu durumlar ortak ºzelliklere sahiptir ancak aynē zamanda yaĸlēlēk fenotiplerinin b¿y¿k 

bir heterojenite potansiyelini vurgulayan benzersiz ºzelliklerle de iliĸkilidir (ĸekil 1) [3]. 

2. MĶTOKONDRĶ 

Mitokondriler, kendi dairesel genomlarē olan, mitokondriyal DNA'ya (mtDNA) sahip ­ift zarlē 

organellerdir ve konak genomundan baĵēmsēz olarak ­oĵalēr. Mitokondriler, adenozin trifosfat 
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(ATP) ¿retimi ve besin metabolizmasēnēn d¿zenlenmesi, kalsiyum homeostazē ve 

programlanmēĸ h¿cre ºl¿m¿ dahil olmak ¿zere ­eĸitli ve baĵlantēlē iĸlevlerde yer alēr. Neredeyse 

t¿m ºkaryotik h¿crelerin sitoplazmasēnda, homeostazlarēnē s¿rd¿rmek ve h¿crenin ihtiya­larēna 

gºre enerji ¿retimini uyarlamak i­in koordineli biyogenez, f¿zyon, fisyon ve bozunma 

(mitofaji) dºng¿lerinden ge­en olduk­a aktif aĵlar olarak bulunurlar [4] 

Mitokondri, h¿crenin enerji ¿retim merkezidir ve baĸlēca gºrevi oksidatif fosforilasyon 

(OXPHOS) yoluyla ATP ¿retmektir. Bu s¿re­te mitokondri tarafēndan elektron taĸēma zinciri 

(ETC) kompleksleri aracēlēĵēyla elektron transferi ger­ekleĸir ve bu transfer sērasēnda oluĸan 

proton gradyanē sayesinde ATP sentaz aracēlēĵēyla enerji ¿retilir.  

Aynē zamanda mitokondriler, h¿cresel metabolizma, h¿cre dºng¿s¿, inflamasyon gibi bir­ok 

yaĸamsal s¿recin d¿zenlenmesinde rol oynar. Mitokondriyal disfonksiyon, h¿cresel yaĸlanma 

ve yaĸlanan dokularla iliĸkili temel biyobelirte­lerden biri olmakla birlikte [5] yaĸlanmanēn 

ayērt edici ºzelliklerinden biridir ve h¿cresel yaĸlanmayla yakēndan iliĸkili olduĵu ve 

yaĸlanmayla iliĸkili fenotiplerde deĵiĸikliklere yol a­tēĵē gºsterilmiĸtir [6].  Mitokondriler 

yaĸlanma fenotiplerinin potansiyel itici g¿­leridir. Ķĸlevsiz mitokondriler yaĸla birlikte birikir 

ve b¿y¿k ºl­¿de post-mitotik h¿crelerden oluĸan dokularda (ºrneĵin kas h¿creleri ve nºronlar) 

en iyi ĸekilde belgelenmiĸtir. Fare modellerinden elde edilen, mitokondrilerin tehlikeye 

girdiĵinde bu dokularēn yaĸa baĵlē dejenerasyon yaĸadēĵēna dair kanētlar mevcuttur [7]. 

Yaĸlē h¿crelerde mitokondri baĸēna d¿ĸen solunum kapasitesi azalērken, mitokondriyal 

membran potansiyeli (MMP) de d¿ĸer. Yaĸlanma s¿recinde mitokondriyal k¿tle genellikle artsa 

da, bu artēĸ mitokondriyal fonksiyonlarēn iyileĸtiĵi anlamēna gelmez; aksine, mitofajinin 

azalmasē nedeniyle iĸlevsiz mitokondriler birikir [5]. 

2.1. YAķLANMA VE Ķ¢SEL YOLAK 

Senesan h¿crelerin ºnemli bir ortak ºzelliĵi, ºncelikle CDKN1A tarafēndan kodlanan p21 CIP1 

ve p16INK4A ( CDKN2A ) olmak ¿zere siklin baĵēmlē kinaz (CDK) inhibitºrlerinin yukarē 

d¿zenlenmesidir. Bu proteinler tarafēndan CDK-siklin komplekslerinin kalēcē inhibisyonu, 

hipofosforile edilmiĸ Rb, p107 ve p130 proteinlerine ve sonu­ olarak h¿cre dºng¿s¿ ilerlemesi 

i­in gerekli olan E2F hedef genlerinin aĸaĵē d¿zenlenmesine neden olur.  

Senesan h¿creler, mitoz bloklarē nedeniyle morfolojik ve yapēsal deĵiĸiklikler gºsterir; bu 

deĵiĸiklikler arasēnda ­ok ­ekirdeklilik, d¿zensiz n¿kleer yapē ve lamin B1 kaybē yer alēr.  

Retinoblastom proteini (Rb), ºzellikle insan h¿crelerinde senesansla iliĸkili heterokromatin 

odaklarēnēn oluĸumunu destekleyerek proliferasyonun durdurulmasēna katkēda bulunur. 

¢ºz¿lemeyen DNA hasar yanētē (DDR), p53'¿n aktivasyonu ve serin fosforilasyonu aracēlēĵēyla 

senesansē ind¿kleyen baĸlēca mekanizmadēr. 

Senesan h¿crelerin ºnemli bir diĵer ºzelliĵi, senesansla iliĸkili salgēsal fenotip (SASP) 

geliĸimidir. SASP,  proinflamatuar ve b¿y¿me faktºrlerini i­eren bir sekretom olarak 

tanēmlanmēĸtēr ve SASPônin sadece proteinleri deĵil, aynē zamanda lipitler, h¿cre dēĸē vezik¿ller 

ve kodlamayan n¿kleik asitleri de i­erdiĵi bilinmektedir [3].  
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ǐSenesan h¿crelerin ºzelliĵi olan SASP ; senesan h¿creler tarafēndan salgēlanan faktºrler 

arasēnda ; 

ǐinterlºkinler 6, 7 ve 8 (IL-6, IL-7, IL-8),  

ǐMonosit Kemo-­ekici Protein 2 (MCP-2),  

ǐMakrofaj Ķnflamatuar Protein 3Ŭ (MIP-3Ŭ),  

ǐB¿y¿me D¿zenlenmiĸ Onkogen alfa (GROŬ), Hepatosit B¿y¿me Faktºr¿ (HGF),  

ǐĶns¿lin Benzeri B¿y¿me Faktºr¿ Baĵlayēcē Protein (IGFBP) ve diĵerleri bulunur.  

ǐSASP'de bulunan belirli sitokinler ve kemokinler, bunlarēn temizlenmesini teĸvik etmek i­in 

baĵēĸēklēk sistemi h¿crelerini ­ekebilir ve aktive edebilir [8] 

ǐ SASP, hem otokrin hem de parakrin etkilerle doku mikro­evresini etkileyerek yaĸlanma 

s¿recine katkēda bulunur [9]. Aynē zamanda senesan h¿creler doĵrudan h¿cre i­i transferle 

bitiĸik h¿creleri de etkileyebilir [8] 

SASPônin baĸlēca tetikleyicisi DDR olsa da, bazē SASP bileĸenleri DDRôden baĵēmsēzdēr. SASP 

bileĸimi, h¿cresel ve ­evresel faktºrlere baĵlē deĵiĸebilir ve ­ok aktiftir. SASP oluĸumunda NF-

əB, p38 MAPK, mTOR ve cGASïSTING yollarē ile epigenetik d¿zenleyiciler olduk­a 

ºnemlidir. Senesansēn bu molek¿ler ve h¿cresel adaptasyonlarē, hem lokal hem de sistemik 

d¿zeyde biyolojik s¿re­leri etkileyerek yaĸlanma ve hastalēk s¿re­lerinde ºnemli rol oynar [3] 

 

 

 

Gºrsel 1. H¿cresel yaĸlanmanēn ºzellikleri, 2024 
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Yaĸlanmayla baĵlantēlē olan protein deasetilazlar, des¿ksinilazlar, demalonilazlar, deasilazlar 

ve ADP-riboz transferazlar olan sirtuinlerin (SIRT'ler) senesansē d¿zenleme yeteneĵi i­in 

yapēlan bir ­alēĸmada mitokondriyal SIRT'ler SIRT3'¿ ve daha az ºl­¿de SIRT5'i senesansēn 

baskēlayēcēlarē ve SASP'nin mod¿latºrleri olarak tanēmlanmēĸtēr.  

Diĵer mitokondriyal bozukluklar, mitokondriyal iĸlev bozukluĵuyla iliĸkili senesans gibi 

(MiDAS)  benzer bir senesans fenotipine neden olmuĸtur. Ayrēca  MiDAS'ēn, azalmēĸ bir 

NAD+/NADH oranēndan, AMPK aktivasyonundan ve daha sonra t¿mºr baskēlayēcē p53'ten 

kaynaklandēĵēnē ve bunun da SASP'nin IL-1 aracēlē kolunu sēnērladēĵēnē gºsterilmiĸtir. 

IL-1'e baĵlē SASP faktºrlerinden yoksun olmasēna raĵmen, MiDAS SASP yaĵ h¿cresi 

farklēlaĸmasēnē baskēlamēĸ ve keratinosit farklēlaĸmasēna katkēda bulunmuĸtur. Bu fenotipler 

k¿lt¿rlenmiĸ insan h¿crelerinde ve mitokondriyal iĸlev bozukluĵu yoluyla erken yaĸlanmanēn 

bir fare modelinde ger­ekleĸmiĸ olup, t¿rler arasēnda ve canlēda mitokondriyal iĸlev 

bozukluĵunu ve yaĸlanmayē bir alt k¿me senesans fenotipleri ile birbiriyle baĵdaĸmēĸtēr [7] 

2.2. YAķLANMA VE MĶTOKONDRĶ 

Yaĸlē h¿crelerde enerji metabolizmasē deĵiĸir; OXPHOSôa baĵēmlēlēk azalērken, glikolize olan 

baĵēmlēlēk artar. Ayrēca mitokondri i­inde aĸērē kalsiyum (CaĮ ) birikimi de mitokondriyal 

hasara ve yaĸlanmaya katkēda bulunur [10] 

Enerji metabolizmasē h¿cre yaĸlanmasē ¿zerinde d¿zenleyici bir etkiye sahiptir ve  h¿cre 

enerjisi esas olarak karbonhidratlar, lipitler ve proteinler gibi organik maddelerin oksidatif 

ayrēĸmasēndan gelir. Ara ¿r¿nlerden biri olan glikoz, v¿cutta ­oĵunlukla mitokondriyal 

oksidatif fosforilasyon, glikoliz, glukoneogenez ve pentoz fosfat yollarē aracēlēĵēyla oksitlenen 

ve par­alanan ­eĸitli biyosentez s¿re­lerine katēlēr.  

Bu nedenle, bu s¿re­lerde yer alan mekanizmalarē ve mitokondriyal metabolizmanēn h¿cresel 

yaĸlanmayē ve fenotipik ºzelliklerini nasēl etkilediĵini anlamak, yaĸlanma karĸētē ila­larēn 

araĸtērēlmasē ve geliĸtirilmesi ve yaĸa baĵlē hastalēklarēn tedavisi i­in kritik ºneme sahiptir [6]. 

Mitokondriyal disfonksiyonla ilgili yapēlan bir ­ok ­alēĸma, mitokondriyal anormalliĵin 

yaĸlanmayla iliĸkili fenotiplerin geliĸimini kolaylaĸtērdēĵēnē ve h¿cre dºng¿s¿ ilerlemesini 

engellediĵini doĵrulamēĸtēr. Mitokondriyal reaktif oksijen t¿rlerinin (ROS) ve Sirtuinlerin 

t¿kenmesi yaĸlanmaya aracēlēk edebilir ve mitokondriyal iĸlev bozukluĵu sonunda h¿cre 

yaĸlanmasēna, mitokondriyal iĸlev bozukluĵuyla iliĸkili yaĸlanma tepkisi (MiDAS) olarak 

bilinen reaksiyona yol a­ar [3, 6]. 

Reaktif oksijen t¿rleri (ROS), bu s¿re­te temel etkili ajanlar olup, antioksidan savunma 

mekanizmalarēnēn (ºrneĵin SOD3 enzimi veya Mito-Q gibi mitokondri hedefli antioksidanlar) 

telomer aĸēnmasēnē azalttēĵē ve h¿cre ºmr¿n¿ uzattēĵē tespit edilmiĸtir. ROSôun kaynaĵēnēn 

b¿y¿k ºl­¿de mitokondriyal disfonksiyona dayandēĵē d¿ĸ¿n¿lmektedir. Mitokondri kaynaklē 

ROS, telomer kēsalmasēnē hēzlandērmakta ve telomerik DNAôya zarar vermektedir. Bu s¿re­ 

Alzheimer, kardiyovask¿ler hastalēklar, multipl skleroz ve bazē mitokondriyal bozukluklarla 

iliĸkili bulunmuĸtur [11]. 
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Gºrsel 2. H¿cresel yaĸlanma,2022 

 

¢eĸitli senesans modellerinde oksidatif fosforilasyon (OXPHOS) fonksiyonundaki kusurlar 

gºzlemlenmiĸtir ve bu durum senesans ile OXPHOS yetersizliĵi arasēndaki nedensel iliĸkiyi 

doĵrulamaktadēr. ¥rneĵin, demir ĸelasyonuyla ind¿klenen senesans, Chang normal karaciĵer 

h¿crelerinde p27kip1 aracēlē h¿cre dºng¿s¿ durmasēnēn aktivasyonundan ºnce gelen kompleks 

II aktivitesinin azalmasēnē i­ermektedir.   

Benzer ĸekilde, TGF-ɓ1'in Mv1Lu vizon akciĵer epitel h¿crelerinde ind¿klediĵi senesans, 

kompleks IV'¿n inhibisyonunu i­ermiĸtir ve bu da mitokondriyal ROS oluĸumuna ve MMP'nin 

kalēcē bozulmasēna neden olarak senesansē tetiklemektedir [5]. 

Senesans s¿recinde mitokondriler, biyoenerjetik rollerinin ve redoks sinyalizasyonundaki 

katkēlarēnēn yanē sēra iĸlevsel bozukluklarē nedeniyle merkezde yer alēr. Yaĸlanmanēn erken 

dºnemlerinde mitokondriyal oksidatif fosforilasyon (OXPHOS) bozulur, ROS ¿retimi artar ve 

bu da DNA hasarēna ve DNA hasar yanētēnēn (DDR) aktivasyonuna yol a­ar.  

Bu durum yaĸlanmayē daha da derinleĸtirir. Ayrēca yaĸlanan h¿crelerde NAD /NADH 

oranlarēnda deĵiĸiklikler, TCA dºng¿s¿ metabolitlerinde kaymalar ve mitokondriyal 

dinamiklerde (f¿zyon, fisyon, mitofaji) bozulmalar gºzlenir. T¿m bu deĵiĸiklikler, yaĸlanmanēn 

metabolik temelini oluĸturur ve mitokondrilerin yaĸlanmadaki belirleyici rol¿n¿ gºsterir [11]. 

 

[6] 
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2.3. MĶTOSTAZ 

Mitostaz, mitokondrilerin niceliksel ve niteliksel dengesini koruyan h¿cresel homeostatik 

mekanizmalarēn genel adēdēr. Bu mekanizmalar, enerji ihtiyacēna gºre mitokondri sayēsēnē ve 

iĸlevini ayarlayarak h¿cre saĵlēĵēnē s¿rd¿r¿r. Mitokondri biyogenezi, taĸēma, fisyon, f¿zyon ve 

hasarlē mitokondrilerin temizlenmesi gibi s¿re­ler mitostazēn temel bileĸenleridir. 

Mitokondriyal iĸlevin bozulmasē; yaĸlanma, kas atrofisi ve nºrodejeneratif hastalēklarēn 

geliĸimine katkē saĵlayabilir. Oksidatif stres ve hipoksi gibi ­evresel koĸullar, mitokondriyal 

temizlenmeyi tetikleyerek bu dengeyi doĵrudan etkiler. Ayrēca, bazē yaygēn kullanēlan ila­lar 

(ºrneĵin asetaminofen, antibiyotikler, metamfetamin, NSAIDôler, statinler) mitokondriyal 

hasara ve mtDNA'ya zarar verebilir. 

Mitostazēn bozulmasē, ETC'nin ­alēĸmamasē, membran potansiyelinin kaybē ve metabolit 

taĸēnēmēnda aksaklēk gibi durumlarla sonu­lanabilir. Bu nedenle mitostaz, h¿cresel b¿t¿nl¿ĵ¿n 

korunmasē ve patolojik s¿re­lerin ºnlenmesi a­ēsēndan kritik ºneme sahiptir [12] 

 

3. SONU¢ VE GELECEK PERSPEKTIFLERI 

Mitokondriyal disfonksiyonun hem ROS ¿retiminde hem de telomer aĸēnmasēnda temel bir rol 

oynadēĵē a­ēktēr.  Bununla birlikte mitokondriler ile h¿cresel yaĸlanma arasēnda karĸēlēklē ve 

karmaĸēk geri bildirim dºng¿leriyle tanēmlanan ­ift yºnl¿ bir iliĸki olduĵunu gºr¿lmektedir.  

Mitokondrinin bu s¿re­teki rol¿, yalnēzca oksidatif stresle sēnērlē olmayēp ­ok daha geniĸ 

kapsamlēdēr. Bu nedenle, mitokondriyal homeostazdaki bozulmalar hem yaĸlanmanēn nedeni 

hem de sonucu olabilir  

Bu bulgular, yaĸlanma biyolojisi ve yaĸa baĵlē hastalēklarēn molek¿ler mekanizmalarēnēn daha 

iyi anlaĸēlmasē a­ēsēndan b¿y¿k ºnem taĸēmaktadēr. Gelecekteki ­alēĸmalar, mitokondriyal 

hedefli antioksidan stratejilerin yaĸlanmanēn ºnlenmesinde potansiyel bir tedavi olabileceĵini 

d¿ĸ¿nd¿rmektedir. 
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¥ZET 

 

Programlanmēĸ h¿cre ºl¿m¿ olarak apoptosis, t¿m canlē organizmalarda temel bir fizyolojik 

s¿re­ olmakla birlikte; doku homeostazēnē korumada, organizma geliĸimini d¿zenlemede ve 

hasarlē h¿creleri ortadan kaldērmada ºnemli bir rol oynayan evrimsel olarak korunan bir h¿cre 

ºl¿m yoludur. Apoptosis i­sel ve dēĸsal yolaklar olmak ¿zere h¿crede iki farklē mekanizma 

¿zerinden aktive edilebilir. Ķ­sel yolaĵē aktive eden h¿cre i­i sinyaller arasēnda; DNA hasarē, 

endoplazmik retikulum stresi, kalsiyum dengesizliĵi, reaktif oksijen t¿rleri (ROS) birikimi, 

b¿y¿me faktºr¿ yoksunluĵu ve sitokin yoksunluĵu bulunur. Apoptozis i­sel yolaĵē mitokondri 

yolaĵē olarak da adlandērēlēr ve insanlarda 27 ¿yeden oluĸan Bcl-2 protein ailesi, mitokondriyal 

yolaĵēn temel d¿zenleyicisi olarak gºrev yapar. Ķ­sel apoptotik yoldaki bozulmalarēn kanser 

h¿crelerinin apoptozdan ka­masēnē saĵladēĵē iyi bilinmektedir. Kanser h¿creleri apoptozdan 

ka­mak i­in farklē mekanizmalardan yararlanērlar: anti-apoptotik Bcl-2 ailesi proteinlerini (Bcl-

2, Bcl-xL ve Mcl-1 gibi) aĸērē ifade ederler; pro-apoptotik BH3-sadece proteinlerini veya 

BAX/BAK'ē inaktive eden mutasyonlar edinirler ve ºzellikle XIAP ve Survivin olmak ¿zere 

apoptoz inhibitºr¿ proteinlerini (IAP'ler) aĸērē ¿retirler. Bu deĵiĸiklikler apoptozun 

baskēlanmasēna katkēda bulunarak kanser h¿crelerinin hayatta kalmasēnē ve tedaviye karĸē 

diren­ geliĸtirmesini teĸvik eder. Bu nedenle, i­sel apoptoz yolunu hedeflemek, kanser 

tedavisinde ºnemli bir stratejidir. Bu derlemenin amacē, kanserin ºnlenmesi i­in apoptozun 

i­sel yolunu hedef alarak geliĸtirilen terapºtik ajanlara iliĸkin bir perspektif sunmaktēr. 

 

Anahtar kelimeler: Apoptoz i­sel yolaĵē, kanser, tedavi. 

 

 

 

 

 

INTRINSIC PATHWAY IN APOPTOSIS IN CANCER AND ITS IMPORTANCE IN 

TARGETED THERAPIES  
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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 development and 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 stress, calcium imbalance, reactive oxygen species (ROS) 

accumulation, growth factor deprivation and cytokine deprivation. The intrinsic apoptosis 

pathway is also known as the mitochondrial pathway and the Bcl-2 protein family, consisting 

of 27 members in humans, serves 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 Bcl-2 family proteins (such as Bcl-2, Bcl-xL, and Mcl-1); they acquire mutations that 

inactivate pro-apoptotic BH3-only proteins or BAX/BAK; and they overproduce apoptosis 

inhibitor proteins (IAPs), particularly XIAP and Survivin. These alterations contribute 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 perspective on therapeutic agents targeting the intrinsic 

apoptosis pathway for cancer prevention. 

Keywords: Apoptosis intrinsic pathway, cancer, treatment.  

 

 

GĶRĶķ 

Apoptoz, h¿cre ºl¿m¿n¿n en erken tanēmlanan ve en kapsamlē ĸekilde incelenen 

ĸeklidir; h¿crelerin d¿zenli ve d¿zenlenmiĸ bir eliminasyona uĵradēĵē genetik olarak 

programlanmēĸ h¿cresel s¿rece atēfta bulunur. H¿cre ºl¿m¿n¿n hem fizyolojik hem de patolojik 

iĸlevleri vardēr; ­ok h¿creli organizmalarda, h¿creler geliĸim, doku homeostazisi ve konak 

savunmasē sērasēnda s¿rekli olarak ¿retilir; bu nedenle, h¿cre ºl¿m yollarē saĵlēklē bir dengeyi 

korumak, yaĸlē ve hasarlē h¿creleri uzaklaĸtērmak i­in kritik ºneme sahiptir (3). H¿crenin ºmr¿, 

h¿cre tipine baĵlē olarak birka­ g¿nden uzun yēllara kadar deĵiĸebilir. Bu nedenle, her g¿n 

milyarlarca h¿cre ºl¿r ve fagositler tarafēndan hēzla uzaklaĸtērēlēr. Bu ºl¿ h¿cre 

uzaklaĸtērma/temizleme mekanizmasē, normal koĸullar altēnda sorunsuz bir ĸekilde ­alēĸēr ve 
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fagositik s¿re­lerin etkinliĵini gºsterir. Ancak, enfeksiyon, kronik inflamasyon ve doku hasarē 

gibi durumlarda ­ok sayēda h¿cre aniden ºld¿ĵ¿nde ve biriktiĵinde bu sistem ­ºkebilir (1). 

Kanser h¿crelerinin ­eĸitli mekanizmalar aracēlēĵēyla mitokondriyal apoptotik yolu hedef alarak 

apoptozdan ka­ēnabildiĵi gºzlemlenmiĸtir. Bu mekanizmalardan biri, mitokondriyal dēĸ zar 

ge­irgenliĵini (MOMP) inhibe eden ve bºylece h¿cre ºl¿m sinyalinin ilerlemesini engelleyen 

anti-apoptotik BCL-2 ailesi proteinlerinin yukarē d¿zenlenmesini i­erir (7). Garzon ve ark. 

(2009) ile Beroukhim ve ark. (2010) tarafēndan yapēlan ­alēĸmalar, anti-apoptotik BCL-2 

proteinlerinin aĸērē ekspresyonunun ­eĸitli kanser tiplerinde ortak bir ºzellik olduĵunu 

gºstermiĸtir (7). Biyomedikal alanda apoptozun en yaygēn kullanēlan iĸlevlerinden biri, k¿­¿k 

molek¿ll¿ ila­lar gibi dēĸarēdan uygulanan apoptoz ind¿kleyici uyaranlara yanēt olarak kanser 

h¿crelerinin ortadan kaldērēlmasēdēr. Apoptozun terapºtik potansiyeline artan ilgi, 

araĸtērmacēlarēn anormal h¿crelerin kontroll¿ bir ĸekilde ortadan kaldērēlmasēna odaklanan umut 

verici terapºtik stratejiler geliĸtirmelerini saĵlamēĸtēr. Apoptotik yollardan yararlanan bir dizi 

ila­ ve tedavinin ­eĸitli hastalēklara karĸē etkili olduĵu gºsterilmiĸtir (2).  

 

1. Programlē H¿cre ¥l¿m¿: Apoptoz Nedir?  

Kerr, Wyllie ve Currie 1972 yēlēnda yayēmlanan ­alēĸmalarēnda, apoptozu; membran 

kabarcēklaĸmasē (blebbing), h¿cre hacminde azalma, n¿kleer par­alanma, kromatin 

yoĵunlaĸmasē, h¿cre y¿zeyinde fosfatidilserin (PtdSer) a­ēĵa ­ēkmasē ve apoptotik cisimlerin 

oluĸumu gibi karakteristik morfolojik deĵiĸikliklere dayanarak tanēmlamēĸlardēr (3). Apoptoz, 

hayvanlar aleminde korunmuĸ programlē h¿cre ºl¿m¿ mekanizmasēdēr; son otuz yēlē aĸkēn 

s¿redir yapēlan araĸtērmalarēn konusu olmuĸtur ve bu dºnemin ­oĵunda tek programlanmēĸ 

h¿cre ºl¿m¿ t¿r¿ olduĵuna inanēlmēĸtēr. Apoptoz, ­eĸitli i­sel ve dēĸsal uyaranlar tarafēndan 

tetiklenebilen bir s¿re­tir. Ayrēca, embriyonik geliĸim ve yaĸlanma sērasēnda h¿cre 

pop¿lasyonlarēnē d¿zenlemek i­in kritik bir homeostatik mekanizma olarak iĸlev gºr¿r (4).  

Apoptozis, birbiriyle iliĸkili iki sinyal yolu tarafēndan d¿zenlenir: dēĸsal veya ºl¿m reseptºr¿ 

yolu ve i­sel veya mitokondriyal yol; bunlar, kaspazlar olarak adlandērēlan bir sistein proteazlarē 

kaskadē tarafēndan h¿cre i­inde aracēlēk edilen y¿r¿tme yolunda birleĸirler (6). Apoptozisin 

i­sel yolunun temel bir ºzelliĵi, BCL-2 (B-cell lymphoma 2 -B h¿creli lenfoma 2-) ailesinin 

proapoptotik ve antiapoptotik proteinleri, baĸlatēcē kaspazlar (kaspaz-8, -9 ve -10) ve efektºr 

kaspazlar (kaspaz-3, -6 ve -7) arasēndaki denge tarafēndan d¿zenlenen mitokondrilerden 

sitokrom c'nin salēnmasēdēr. Apoptozis, n¿kleer membranēn kaspaz-6 tarafēndan par­alanmasē, 

bir­ok h¿cre i­i proteinin (ºrneĵin, PARP ve lamin) kesilmesi, membran kabarcēklanmasē ve 

genomik DNA'nēn n¿kleozomal yapēlara par­alanmasēyla karakterizedir (1). 

 

1.2 Apoptozis Ķ­sel Yolu (Mitokondri Yolu) 

Apoptosis i­sel yolu mitokondri yolu olarak da bilinir, DNA hasarē, oksidatif stres ve 

endoplazmik retikulum (ER) stresi olmak ¿zere h¿cresel hasara neden olan ­eĸitli uyaranlar 

tarafēndan aktive edilir (11). Mitokondri aracēlē apoptozis, Bcl-2 protein ailesi tarafēndan 

d¿zenlenen artan ROS ¿retimi ve kaspaz aktivasyonunu i­erir. Bcl-2 ailesi, anti-apoptotik 

proteinler (Bcl-2, Bcl-xL ve Mcl-1), pro-apoptotik proteinler (Bax ve Bad) ve BH3-Only 

proteinler (bid, bim, bad vs.) olmak ¿zere ¿­ temel sēnēftan oluĸur (14). Anti-apoptotik protein 
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Bcl-2'nin aĸērē ekspresyonu, mitokondriyal dēĸ zarēn ge­irgenliĵini engeller ve apoptozu 

baskēlar. (Gillings vd., 2009, Tait ve Green, 2010 ) Ķ­sel apoptozis yolu ¿­ temel faza ayrēlabilir: 

(1) BCL-2 ailesi proteinleri arasēndaki etkileĸimlerin dengesi, (b) BAX ve BAK aracēlēĵēyla 

ger­ekleĸen mitokondriyal dēĸ membran ge­irgenliĵi (MOMP)  ve  (c) Apoptotik kaspazlarēn 

ardēĸēk aktivasyonu (10).  

BH3-only proteinleri, ya anti-apoptotik BCL-2 ailesi ¿yelerine (BCL-2, BCL-XL, 

MCL-1) baĵlanarak onlarēn BAX ve BAK ¿zerindeki baskēlayēcē etkisini ortadan kaldērēr ya da 

doĵrudan BAX ve BAK ile etkileĸerek bu proteinlerin mitokondri dēĸ zarēnda 

oligomerleĸmesini tetikler (12). Pro-apoptotik proteinler BAX ve/veya BAK'ēn aktivasyonu, 

mitokondriyal dēĸ zarēn (MOMP) ge­irgenliĵini artērarak sitokrom c (Cyt-c), Smac/DIABLO 

ve Omi/HtrA2 gibi pro-apoptotik faktºrlerin sitoplazmaya salēnmasēna yol a­ar. Bu olay, 

apoptotik s¿re­te geri dºn¿ĸ¿ olmayan bir noktayē temsil eder. Bu molek¿ller serbest 

bērakēldēĵēnda, apoptozis proteinleri inhibitºrlerinin (IAP'ler) iĸlevini inhibe eder ve bºylece 

kaspaz aktivasyonu ¿zerindeki baskēlayēcē etkilerini hafifletir. Cyt-c, sitoplazmada monomerik 

Apaf-1'e baĵlanarak ATP varlēĵēnda apoptozom olarak bilinen ­ok proteinli bir kompleksin 

birleĸmesini baĸlatēr. Bu birleĸme, heptamerik bir apoptozom yapēsēnēn oluĸumuyla sonu­lanēr. 

Prokaspa-9 bu heptamerik yapēya Apaf-1ôin CARD domaini ¿zerinden baĵlanēr ve pro-kaspaz-

9 aktif kaspaz-9ôa dºn¿ĸt¿r¿l¿r. Aktif kaspaz-9 daha sonra pro-kaspaz-3 ve pro-kaspaz-7 gibi 

infazcē kaspazlarē keserek ve aktive ederek apoptozun son aĸamasēnē baĸlatēr. Bu kaspazlar, ek 

infazcē kaspazlarē aktive ederek pozitif geri bildirim dºng¿s¿ aracēlēĵēyla apoptotik sinyali daha 

da y¿kseltir (12). Apoptozisin diĵer ayērt edici ºzellikleri arasēnda, kaspaz aktiveli DNase 

tarafēndan DNA'nēn yaklaĸēk 200 bp'lik segmentlere par­alanmasē yer alēr (13). 

 

ķekil 1.Ķ­sel apoptozis yolu.BH3 proteinleri apoptotik strese yanēt olarak yukarē d¿zenlenir. 

BAX'ē ve BAK'ē aktive ederler, bunlar oligomerize olur ve mitokondriyal membran ge­irgenleĸmesiyle sonu­lanēr. Sitokrom c, SMAC 

(kaspazēn ikinci mitokondri kaynaklē aktivatºr¿) ve Omi salēnēr ve apoptozom prokaspaz-9, dATP, sitokrom c ve APAF-1'den oluĸur. Daha 

sonra kaspazlar aktive olur ve h¿cresel proteinleri kesmeye baĸlar ve apoptozisle sonu­lanēr. Oklar aktivasyonu ve T ­ubuklarē inhibisyonu 

temsil eder (20). 

https://www.sciencedirect.com/science/article/pii/S0378427412013392?casa_token=l2QKd9vDxTUAAAAA:LHOTTkCDi23gjBFDVcYIxuprpH455hr5A3EZIBKUBvTdRInFBK6uHvbIzVoFoAIHBaNayYskvQqa#bib0085
https://www.sciencedirect.com/science/article/pii/S0378427412013392?casa_token=l2QKd9vDxTUAAAAA:LHOTTkCDi23gjBFDVcYIxuprpH455hr5A3EZIBKUBvTdRInFBK6uHvbIzVoFoAIHBaNayYskvQqa#bib0210
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Ķ­sel apoptozda h¿cre ºl¿m¿n¿ garantileyen ek adēmlar bulunur. Bunlardan, Omi 

proteini, kaspaz fonksiyonunun endojen bir inhibitºr¿ olan X'e baĵlē apoptoz inhibitºr¿ 

proteinini (XIAP) inhibe ederken, SMAC, apoptoz sērasēnda apoptoz proteinlerinin 

inhibitºrlerini (IAP'ler) inhibe etmek i­in salēnēr ve apoptozun apoptozom oluĸumundan sonra 

devam etmesini saĵlar (20). 

 

2. Ķ­sel Yolaĵēn Hastalēk Mekanizmalarēndaki Rol¿ 

Apoptotik h¿crelerin hēzlē ve etkili bir ĸekilde temizlenmesi, baĵēĸēklēk toleransēnēn 

ind¿klenmesi ve inflamatuar yanētlarēn ºnlenmesi i­in ­ok ºnemlidir. Fizyolojik koĸullar 

altēnda, normal dokularda serbest apoptotik h¿creler nadiren gºr¿l¿rken, ºlmekte olan 

h¿crelerin yetersiz fagositik uzaklaĸtērēlmasē veya artan apoptoz oranē, proinflamatuar 

sitokinlerin salēnēmēnē tetikleyen sekonder nekroza yol a­abilir. ¥lmekte olan h¿crelerden 

salēnan otoantijenler, T h¿crelerini aktive edebilir ve B h¿cresi ekspresyonunu destekleyebilir, 

bu da otoantikorlarēn ¿retimi ve otoimm¿nitenin geliĸmesiyle sonu­lanēr. Apoptotik h¿crelerin 

bozulmuĸ temizlenmesi, sistemik lupus eritematozus (SLE), baĵ dokusu bozukluklarē ve 

romatoid artrit (RA) dahil olmak ¿zere ­eĸitli otoimm¿n hastalēklarēn patogenezinde rol oynar 

(2).  

Apoptozisin d¿zensizliĵi, geliĸimsel bozukluklar, nºrodejeneratif durumlar ve kanser 

dahil olmak ¿zere ­ok ­eĸitli insan hastalēklarēyla iliĸkilidir (6). Alzheimer hastalēĵē, 

Huntington hastalēĵē ve Parkinson hastalēĵē gibi nºrodejeneratif hastalēklarēn hepsi aĸērē nºronal 

apoptozis ile karakterizedir. ¥rneĵin, Alzheimer hastalēĵēnda, lezyon bºlgelerinde ɓ-amiloid 

birikimi anormal nºronal apoptozu ind¿kleyerek hastalēk patolojisine katkēda bulunur. HIV 

enfeksiyonlarē, CD4  T h¿crelerinin hēzlandērēlmēĸ apoptozuna yol a­ar ve sonu­ta AIDS'in 

baĸlamasēna neden olur. Benzer ĸekilde, miyokard enfarkt¿s¿, kardiyomiyositlerin akut 

apoptozunun bir sonucu olarak ortaya ­ēkar (2). 

 

3. Kanser Nedir?  

Kanser h¿crelerinin ayērt edici ºzellikleri arasēnda s¿rekli ­oĵalma sinyali, b¿y¿me 

baskēlayēcēlarēndan ka­ēnma, h¿cre ºl¿m¿ne diren­, sēnērsēz replikasyon potansiyeli, 

anjiyogenez, genomik instabilite, edinilmiĸ fenotipik esneklik ve baĵēĸēklēk ka­ēnmasē yer alēr 

(22). Bu ºzellikler kanser h¿crelerinin ­oĵalmaya devam etmesini, ­evredeki dokularē istila 

etmesini ve uzak organlarda metastatik lezyonlar oluĸturmak ¿zere yayēlmasēnē saĵlar (9). Bu 

s¿re­ler sērasēnda, h¿cre i­i sinyal yollarēndaki deĵiĸiklikler kanser h¿crelerinin antikanser 

ajanlara ve antit¿mºr baĵēĸēklēĵēna duyarlēlēĵēnē veya direncini etkiler, bºylece tedaviyi 

karmaĸēklaĸtērēr ve terapºtik etkinliĵi azaltēr (9). 

 

4. Kanserde Mitokondriyal Apoptoz Yolaĵēnēn Bozulmasē  

Kanser h¿creleri ­eĸitli mekanizmalar kullanarak apoptoza karĸē koyar. Ķ­sel yollardaki 

kusurlar ĸunlarē i­erir: (a) kaspaz fonksiyonunu inhibe eden kaspaz gen mutasyonlarēnēn 

edinilmesi; (b) antiapoptotik BCL-2 ailesi proteinlerinin aĸērē ekspresyonu; (c) IAP'lerin aĸērē 

ekspresyonu; (d) apoptotik efektºrler BAX ve BAK'ēn kaybē ve inaktivasyonu; (e) sitokrom 

c'nin yetersiz salēnēmē ve apoptozom oluĸumunu ortadan kaldēran ve kaspaz aktivasyonunun 

inhibisyonuna neden olan sitokrom c'nin lizin kalēntēlarēnēn (ºzellikle K72) mutasyonudur (5). 
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T¿mºr h¿creleri, kanser tedavisine karĸē diren­ geliĸimi sērasēnda da dahil olmak ¿zere hem 

i­sel hem de dēĸsal apoptotik yollarēn birden fazla inhibitºr¿n¿ aĸērē ifade edebilir. Anti-

apoptotik BCL-2 ailesi proteinlerinin yukarē reg¿lasyonu ve pro-apoptotik proteinlerin aĸaĵē 

reg¿lasyonu, kanser h¿crelerinin kemoterapi ve radyoterapiye direncine ºnemli ºl­¿de katkēda 

bulunur. ¥rneĵin, BCL-2 gen ekspresyonu t¿m kanserlerin yarēsēndan fazlasēnda y¿ksektir ve 

XIAP (apoptoz proteininin X'e baĵlē inhibitºr¿) ­ok sayēda t¿mºr tipinde aĸērē ifade edilir (5). 

 

5. Mitokondriyal  Apoptoz Yolaĵēnē Hedefleyen Kanser Tedavileri 

Kanser h¿creleri ­eĸitli mekanizmalar aracēlēĵēyla apoptoza diren­ geliĸtirir. Ķ­sel 

apoptotik yollardaki baĸlēca kusurlar ĸunlardēr: (a) kaspaz fonksiyonunu inhibe eden kaspaz 

genlerinde mutasyonlar; (b) anti-apoptotik BCL-2 ailesi proteinlerinin aĸērē ekspresyonu ; (c) 

apoptoz inhibitºr¿ proteinlerinin (IAP'ler) aĸērē ekspresyonu ; (d) apoptotik efektºrler BAX ve 

BAK'ēn kaybē veya inaktivasyonu; (e) sitokrom c'nin yetersiz salēnēmē ve ºzellikle lizin 72 

(K72) olmak ¿zere sitokrom c'nin lizin kalēntēlarēnda mutasyonlar, apoptozom oluĸumunu 

ortadan kaldērēr ve kaspaz aktivasyonunun inhibisyonuna yol a­ar; ve (f) dēĸsal apoptotik yolun 

sinyalizasyonundaki kusurlardēr (5). Kanser tedavisi sēklēkla ila­ direncinin ºnemli zorluĵuyla 

karĸē karĸēyadēr ve bu da tedavi baĸarēsēzlēĵēna ve hastalar i­in kºt¿ prognoza yol a­ar (Zhang 

ve ark., 2023; Cui ve ark., 2022). Daha da ­arpēcē olanē, ila­ direncinin kanserle iliĸkili 

ºl¿mlerin yaklaĸēk %90'ēndan sorumlu olmasēdēr ve bu da ele alēnmasē gereken acil ve kritik 

bir sorun haline getirir (Pluchino vd., 2012). Ķla­ direnci genellikle kanser h¿crelerinin 

apoptozdan ka­ma, olumsuz koĸullar altēnda hayatta kalma ve hedefli tedaviler ve son teknoloji 

imm¿noterapiler dahil olmak ¿zere sitotoksik kemoterapºtik ajanlarēn ve ileri tedavilerin 

varlēĵēna raĵmen ­oĵalmaya devam etme yeteneĵinden kaynaklanēr (Narayanan vd., 2020; Su, 

2022; Perez-Ruiz vd., 2020). Apoptoz hedefli ila­larēn son zamanlardaki geliĸimi, BCL-2, 

MCl-1 ve IAP inhibitºrleri dahil olmak ¿zere i­sel yola odaklanmēĸtēr (5). 

 

5.1 IAP (Apoptoz Ķnhibitºr Proteinleri) Ķnhibitºrleri 

IAP'ler (Apoptoz Ķnhibitºr Proteinleri), apoptozu olumsuz yºnde d¿zenleyen endojen 

kontrol noktalarē olarak gºrev yapan bir grup E3 ubikitin ligazēdēr (10). Bug¿ne kadar; NAIP, 

BIRC2, BIRC3, XIAP, BIRC5, BIRC6 BIRC7 ve BIRC8 olmak ¿zere sekiz farklē insan IAP 

proteini tanēmlanmēĸtēr. T¿m IAP proteinlerinin tanēmlayēcē ºzelliĵi, protein-protein 

etkileĸimlerini d¿zenleyen ve sinyalleme i­in gerekli olan bir ila ¿­ adet y¿ksek oranda 

korunmuĸ BIR (Baculovirus IAP Tekrarē) bºlgesinin varlēĵēdēr (16). Genel olarak, bu proteinler 

kaspaz aktivitesini inhibe ederek apoptozis s¿recini baskēlarlar (Cetraro vd., 2022). IAP'ler 

t¿mºrlerde sēklēkla aĸērē ifade edilir ve bu durum kºt¿ prognoz, t¿mºr agresifliĵinin artmasē ve 

­eĸitli tedavilere karĸē direncin artmasē ile iliĸkilidir (Liang vd., 2020). IAP'ler, kaspaz 

inhibisyonu, h¿cre saĵkalēm yollarēnēn aktivasyonu, SMAC'ēn baskēlanmasē ve diĵer s¿re­ler 

dahil olmak ¿zere ­eĸitli mekanizmalar yoluyla kanser tedavilerine karĸē direncin geliĸmesine 

katkēda bulunabilir (15). IAP'leri hedef alan terapºtik stratejiler, bunlarēn anti-apoptotik 

aktivitelerini antagonize etmeye, kaspaz fonksiyonunu geri kazandērmaya ve kanser h¿crelerini 

tedaviye duyarlē hale getirmeye odaklanēr (16). 
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XIAP, proapoptotik kaspazlarēn enzimatik aktivitesini g¿­l¿ bir ĸekilde inhibe eden tek 

¿ye gibi gºr¿nmektedir (Kashkar, 2010). XIAP, apoptozis ve kanserde IAP ailesinin en 

kapsamlē ­alēĸēlmēĸ ¿yesidir ve iĸlevini hem doĵrudan hem de dolaylē mekanizmalar aracēlēĵēyla 

ger­ekleĸtirir. XIAP doĵrudan kaspazlar-3, -7 ve -9'a baĵlanabilir ve onlarē inhibe edebilir, 

bºylece apoptotik olayēn baĸlamasēnē ve/veya kaskadēnē inhibe edebilir (Chai ve ark., 2001; 

Riedl ve ark., 2001; Shiozaki ve ark., 2003). XIAP, prostat, akciĵer, pankreas, meme, 

yumurtalēk, kolon, nºroblastoma ve akut miyeloid lºsemi (AML) dahil olmak ¿zere birden fazla 

kanser t¿r¿nde ­eĸitli kemoterapi ila­larēna karĸē direncin geliĸmesinde ºnemli bir rol oynar. 

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

kinaz inhibitºrleri (Lapatinib, Imatinib) gibi ila­lar tarafēndan ind¿klenen apoptozdan kanser 

h¿crelerini koruyarak, XIAP tedavi baĸarēsēzlēĵēna ve hastalēĵēn ilerlemesine katkēda bulunur 

(16). Ķla­ adayē YM155, h¿cre saĵkalēmēnē teĸvik eden ve apoptozu inhibe eden transkripsiyon 

faktºr¿ survivini hedef almak ¿zere ºzel olarak tasarlanmēĸ k¿­¿k molek¿ll¿ bir inhibitºrd¿r 

(15). YM155, survivin ekspresyonunu baskēlayarak ­alēĸēr ve bºylece kemoterapºtiklere karĸē 

duyarlēlēĵē artērabilir. Klinik ve klinik ºncesi ­alēĸmalarda, YM155 ­eĸitli kemoterapºtik 

ajanlarla birleĸtirilerek farklē kanserlerde tedavi etkinliĵinin artērēlmasē ama­lanmēĸtēr. 

¥zellikle agresif bir pediatrik kanser olan kºt¿ huylu rabdoid t¿mºrde, YM155 Sisplatin ile 

kombine edilerek t¿mºr b¿y¿mesini azaltmada ¿mit verici sonu­lar gºstermiĸtir (Coyle ve ark., 

2022). Baĸka bir IAP inhibitºr¿ olan LCL161, ­eĸitli kanserler i­in kombinasyon terapilerinde 

kullanēlēr; nºroblastoma i­in Vinkristin (Langemann ve ark., 2017; Frommann ve ark., 2018), 

ALL i­in Auranofin (Hass ve ark., 2016) ve miyelom i­in Panobinostat (Zhou ve ark., 2021) 

ile kombine edilir. Ayrēca, meme kanseri i­in Navitoclax (Lee vd., 2020), medulloblastoma i­in 

Vinkristin/sisplatin (Chen vd., 2016) ve AML i­in 5-Azasitidin (Gerges vd., 2016) ile birlikte 

kullanēlmēĸ olup, ­eĸitli kanser tiplerinde tedavi sonu­larēnē iyileĸtirmede geniĸ uygulama alanē 

olduĵunu gºstermektedir. LCL161, kombinasyon halinde kanserler i­in klinik ­alēĸmalarda 

kapsamlē bir ĸekilde test edilmiĸtir; ancak hen¿z onaylanmamēĸtēr (15). 

Ķla­ Adē Hedef IAP'ler Kullanēldēĵē Kanser T¿rler Kl n k Durum ¥zell kler / Sonu­lar 

LCL161 
XIAP, cIAP1, 

cIAP2 

Hematoloj k kanserler, kolon, 

akc ĵer, meme, baĸ-boyun, yemek 

borusu 

Kl n k ­alēĸmalarda (Faz I-

II) 

G¿venl  doz bulundu, bazē hastalarda 

hastalēk stab l kaldē, radyoterap yle 

s nerj  gºsterd 

B r napant 
cIAP1, cIAP2, 

XIAP 

Katē t¿mºrler, ºzell kle r notekan 

le kullanēldēĵēnda etk l 

Kl n k ­alēĸmalarda (Faz I-

II), gel ĸt rme ge­ c  olarak 

durduruldu 

Hem ­sel hem dēĸsal apoptozu 

tet kl yor, TNFŬ le ­alēĸan la­larla 

b rl kte etk l 

ASTX660 

cIAP1, cIAP2, 

XIAP (yen  

jenerasyon) 

¢eĸ tl  kanser t¿rler  (erken fazda 

test ed l yor) 

Erken faz kl n k 

­alēĸmalarda 

Yen  nes l IAP nh b tºr¿, halen 

deĵerlend rme aĸamasēnda 

YM155, 

LY2181308 
Surv v n 

Farklē t¿mºr t¿rler  (ºzell kle 

surv v n y¿ksekse) 
Kl n k etk nl k yeters z 

DNA hasar onarēmē ve topo someraz 

akt v tes ne m¿dahale ed yor, 

beklent y  karĸēlamadē 

SurVaxM, 

DPX-

Surv vac 

Surv v n 

Aĸēlarē 

Kl n k ­alēĸmalar devam 

ed yor 

Kl n k ­alēĸmalar 

( mm¿noterap  le 

komb nasyon test 

ed l yor) 

Imm¿n kontrol noktasē 

nhb tºrler yle b rl kte gelecek 

vaat ed yor 

 

Tablo 1. Bazē apoptoz s prote n nh b tºrler n n (IAP'ler) devam eden kl n k deneyler  (21). 
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5.2 Mcl-1 Ķnhibitºrleri 

Miyeloid h¿cre lºsemi-1 (Mcl-1), apoptozu d¿zenleyen bcl-2anti-apoptotik protein 

ailesinine ait bir farklēlaĸma proteini (19). Mcl-1, ¿­l¿ negatif meme kanseri (TNBC) 

t¿mºrlerinin %56'sēnda yaygēn olarak ­oĵalēr ve aĸērē ekspresyonu y¿ksek t¿mºr derecesi ve 

zayēf klinik prognozla iliĸkilidir (Balko JM.,2014 & Ding Q., 2007). Dahasē, Mcl-1 aĸērē 

ekspresyonunun, mikrot¿b¿l hedefli ajanlar paklitaksel ve vinkristin ile Bcl-2 hedefli bileĸik 

navitoklaks dahil olmak ¿zere birden fazla erken ve ileri evre meme kanseri tedavisine karĸē 

dirence katkēda bulunan bir faktºr olduĵu ºne s¿r¿lm¿ĸt¿r (Wertz IE et., 2011). Bu nedenle, 

hedefli inhibitºrler tarafēndan Mcl-1'in inhibisyonu, potansiyel olarak apoptotik sinyallemeyi 

geri y¿kleyerek ve Mcl-1'e baĵlē TNBC t¿mºrlerini kemoterapiye yeniden duyarlē hale 

getirerek TNBC tedavilerini iyileĸtirmek i­in entegre bir yaklaĸēmē temsil eder (21).  

ķu anda klinik ºncesi ­alēĸmalarda geliĸtirilmekte olan Mcl-1 inhibitºrleri hem in vitro hem de 

in vivo meme kanseri de dahil olmak ¿zere kanser tedavisi i­in b¿y¿k umut vadediyor. Bunun 

nedeni, Mcl-1 etkileĸimlerini bozan ve net ve spesifik h¿cresel aktiviteyle apoptozu tetikleyen 

doĵrudan, g¿­l¿ ve se­ici Mcl-1 inhibitºrlerinin artēk mevcut olmasēdēr (Leverson JD et al., 

2015). Son olarak klinik ºncesi ­alēĸmalarda Mcl-1'i etkili bir ĸekilde baskēladēĵē gºsterilen 

birka­ Mcl-1 inhibitºr¿ (AMG-176, AZD599) ve CDK9 inhibitºr¿ ĸu anda hematolojik 

malignitelerde test edilmektedir (Tablo 1) ve sonu­larē beklenmektedir (21). 

Ajan NCT Kl n k Deneme 

Numarasē 

Kl n k Araĸtērmanēn 

Aĸamasē 

Uygun Hastalēk Sahasē (larē) 

AMG 176 NCT02675452 I Mult pl m yelom ve akut m yelo d lºsem 

AZD5991 NCT03218683 I/II Akut m yelo d lºsem 

CDK9 Ķnh b tºr¿ 

(AZD4573) 

NCT03263637 I Hematoloj k mal gn teler 

Tablo 1: Mcl-1 inhibitºrlerinin devam eden klinik ­alēĸmalarē (21). 

 

5.3 Bcl-2 Ķnhibitºrleri 

B-h¿creli lenfoma-2 (BCL-2) protein ailesi, apoptozun birden fazla d¿zenleyici 

proteinini i­eren korunmuĸ bir ailedir. Her bir Bcl-2 ¿yesi, mitokondriyal dēĸ zar ge­irgenliĵinin 

(MOMP) hassas d¿zenlenmesi yoluyla i­sel apoptotik yolda belirli bir rol oynar. T¿m Bcl-2 

ailesi proteinleri, mitokondriyal dēĸ zar ¿zerinde aralarēndaki doĵrudan fiziksel etkileĸimlerden 

sorumlu olan BH3 alanēnē (yani Bcl-2 homoloji 3 domaini) paylaĸēr (18). Bcl-2 inhibitºrleri, 

BH3 taklit­ileri olarak da bilinir; doĵrudan i­sel apoptoz yolunu deĵiĸtirmek i­in hedefli bir 

yaklaĸēm olarak geliĸtirilen ajanlarēn ºnc¿leri arasēndadēr. BH3 taklit­ileri, antiapoptotik BCL-

2 proteinleri i­indeki hidrofobik ceplere yalnēzca BH3 proteinlerinin baĵlanmasēnē taklit eden 

k¿­¿k molek¿llerdir (5).  



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΥ 
 

Venetoclax (VEN), ºnceden ABT-199 olarak bilinirdi, y¿ksek se­icilikle Bcl-2'yi hedef 

alan bir BH3 mimetiĵidir (18). 2016 yēlēnda venetoklaks (ABT-199), 17p delesyonuna sahip 

kronik lenfositik lºsemi (KLL) hastalarēnēn tedavisi i­in ABD FDA tarafēndan onaylanan BCL-

2'yi hedef alan ilk ajandē. Venetoklaks, BCL-2'ye baĵlanarak BIM'in salēnmasēna yol a­ar; bu 

doĵrudan BAX ve BAK'ē aktive ederek mitokondri dēĸ membranda MOMP oluĸumuna neden 

olarak apoptozu ind¿kler (17). 

 

ķekil 2. Venetoklaksēn etki mekanizmasē. (A) Antiapoptotik protein BCL-2, BIM gibi yalnēzca 

proapoptotik BH3 proteinlerini tecrit ederek apoptozu engeller. (B) Venetoklaks se­ici olarak BCL-2'ye 

baĵlanarak, mitokondriyal dēĸ zarda BAX ve BAK oligomerizasyonunu tetikleyen yalnēzca BH3 aktivatºrlerini 

serbest bērakēr. Bu gºzeneklerin oluĸumu, sitoplazmaya sitokrom C'nin salēnmasēyla sonu­lanēr ve apoptoza yol 

a­an olaylarē tetikler (18). 

Benzer ĸekilde, obatoclax mesilat (GX15-070), ­ok sayēda kanserde test edilmiĸ baĸka bir Bcl-2 

inhibitºr¿d¿r. Ne yazēk ki, ataksi ve sitopeni gibi nºrolojik semptomlar da dahil olmak ¿zere 

obatoclax'ēn toksisite profili, daha fazla klinik geliĸtirmenin durdurulmasēna yol a­mēĸtēr (Goy A et al., 

2014). Bu ajan sēnēfēndaki bir diĵer inhibitºr Navitoclaxôdēr. Hem Bcl-2'yi hem de Bcl-xL'yi inhibe 

ederek, Bim gibi pro-apoptotik d¿zenleyicilerin salēnēmēnē engelleyen Bcl-xL'nin telafi edici yukarē 

d¿zenlenmesini baskēlar (Lagares D et al., 2017). Bim, Bcl-2 inhibisyonuyla yerinden edilebilir ancak 

bu ailedeki diĵer proteinlere baĵlanabilir. Bu nedenle, diĵer Bcl-2 aile ¿yelerinin inhibisyonu, Bim 

aracēlē apoptozis ind¿ksiyonunu sinerjik olarak destekleyebilir. Navitoclax tek baĸēna bir ajan olarak 

ºnemli bir klinik aktivite gºstermemiĸ olsa da venetoclax ile kombinasyonu potansiyel bir sinerji 

gºstermiĸtir (Vogler M et., 2011). 

Ķla­ 
Hedef 

Prote nler 
Durumu A­ēklama 

Venetoclax BCL-2 FDA onaylē (KLL, AML) 
KLL ve AML'de etk n, bazē meme kanser  

komb nasyonlarēnda test ed ld . 

Obatoclax BCL-2 (genel) 
Kl n k gel ĸt rme 

durduruldu 

Nºroloj k toks s te ve s topen  neden yle 

baĸarēsēz oldu. 

Nav toclax 
BCL-2 + BCL-

xL 
Kl n k ­alēĸmalarda 

Tek baĸēna sēnērlē, Venetoclax le s nerj  

gºster yor. 

Tablo 3. apoptozu d¿zenleyen Bcl-2 protein ailesini hedef alan k¿­¿k molek¿ll¿ inhibitºrlerin klinikte 

kullanēmē (21). 
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6. Genel Perspektif ve Sonu­  

BCL-2 ailesi apoptozisin i­sel yolaĵēnēn d¿zenlenmesinde olduk­a ºnemlidir. Bu 

nedenle kansere karĸē korumada hayati bir rol oynar. Bu s¿recin daha iyi anlaĸēlmasē, bu yolaĵē 

engellemek i­in kullanēlabilecek ila­larēn geliĸtirilmesi a­ēsēndan elzemdir. ¥zetle, i­sel 

apoptotik yol ile kanser arasēndaki karmaĸēk iliĸkiyi anlamak, daha etkili ve hedefli kanser 

tedavileri geliĸtirmek i­in ­ok ºnemlidir. Bu yolu d¿zenleyebilen yeni ila­larēn keĸfi ve 

bunlarēn mevcut tedavilerle kombinasyonunun, kanser hastalarē i­in gelecekteki tedavi 

stratejilerini ĸekillendirmede ºnemli bir rol oynamaktadēr. Diren­li t¿mºr h¿crelerinde 

apoptozu hedefleme ve aktive etme yeteneĵi gelecekteki klinik uygulamalarda geliĸmeye 

devam edecektir. Bununla birlikte, bu hedeflenen apoptozis inhibitºrlerinin kliniĵe ilerlemesi 

i­in, etki mekanizmasēnēn daha iyi anlaĸēlmasē, artērēlmēĸ etkinliĵin artērēlmasē, se­icilik, h¿cre 

ge­irgenliĵi ve h¿crelerde yolak mod¿lasyonuna dair kanētlar dahil olmak ¿zere birka­ engelin 

aĸēlmasē gerekmektedir. 
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¥ZET 

Empati, ahlaki y¿k¿ml¿l¿k ya da sosyal normlara uyum gibi ­eĸitli g¿d¿ler aracēlēĵēyla 

baĸkalarēnēn iyiliĵini ya da refahēnē artērmayē ama­layan gºn¿ll¿ davranēĸlar olarak tanēmlanan 

prososyal davranēĸlar; yardēm etme, paylaĸma, rahatlatēcē olma, baĵēĸ yapma, ve iĸ birliĵi gibi 

­eĸitli bi­imlerde ortaya ­ēkabilir. Prososyal davranēĸlar bireysel iyi oluĸu , empati ve ahlaki 

geliĸimi desteklemenin yanēnda toplumsal uyuma, iĸ birliĵine ve ºzellikle kriz zamanlarē olmak 

¿zere toplumsal dayanēklēlēĵa katkēda bulunur. Prososyal davranēĸlarēn geliĸimine; bireyin 

biyolojik ve genetik altyapēsē, biliĸsel ve duygusal geliĸim s¿reci, erken dºnem yaĸantēlarē, 

sosyok¿lt¿rel etmenler ve epigenetik mekanizmalar gibi faktºrler etki etmektedir. Gen 

ekspresyonunun deĵiĸmesine neden olan ­evresel veya geliĸimsel etmenlerle tetiklenen  

modifikasyonlarēn incelenmesi olarak ifade edilen epigenetik; beslenme, stres, toksinler, ila­lar 

ve sosyal deneyimler gibi ­evresel etkenlerin aracēlēĵēyla gen ifadesini mod¿le etmektedir. 

Baĸlēca DNA metilasyonu, histon modifikasyonlarē ve non-kodlayēcē RNA aracēlēĵē ile ­alēĸan 

epigenetik mekanizma prososyal davranēĸlarēn geliĸimi ile iliĸkilidir. Bu  ­alēĸma prososyal 

davranēĸa etki eden ­eĸitli epigenetik faktºrleri incelemektedir. 

 

Anahtar kelimeler: Prososyallik, Prososyal Davranēĸ, Epigenetik, Prososyal Davranēĸ ve 

Epigenetik  

 

The Role of Epigenetic Factors in Prosocial Behavior 

ABSTRACT  

Prosocial behaviors, defined as voluntary behaviors aimed at increasing the well-being or 

welfare of others through various motivations such as empathy, moral obligation or compliance 

with social norms, can occur in various forms such as helping, sharing, comforting, donating 

and cooperation. Prosocial behaviors support individual well-being, empathy and moral 

development as well as contributing to social harmony, cooperation and social resilience, 

especially in times of 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 experiences. Epigenetic 

mechanisms, which mainly work through DNA methylation, histone modifications and 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.GĶRĶķ   

Prososyal davranēĸlar; sinirsel, hormonal ve genetik sistemler tarafēndan empati, ahlaki 

muhakeme ve sosyal biliĸ gibi psikolojik mekanizmalarla etkileĸerek biyolojik olarak 

kºkleĸtirilir ve ĸekillendirilirler. (Knafo, Plomin, 2006) Prososyal davranēĸlarēn epigenetiĵini 

anlamak; ­evresel faktºrlerin gen ekspresyonu ¿zerindeki olasē etkilerini bilmek; toplumsal iyi 

oluĸa katkēda bulunan prososyal davranēĸlara ve yaygēnlaĸmasēna olanak tanēmaktadēr. Aĸaĵēda 

prososyalliĵin epigenetiĵi ¿zerine literat¿rde yapēlmēĸ bazē ­alēĸmalara kēsaca deĵinilecek ve 

temel bulgulara yer verilecektir.  

2. PROSOSYAL DAVRANIķLARDA EPĶGENETĶK FAKT¥RLERĶN ROL¦ 

 

 Prososyal davranēĸ, bireylerin baĸkalarēna zarar vermeksizin yardēm etmeye yºnelik 

olarak sergiledikleri, sosyal a­ēdan olumlu olarak deĵerlendirilen davranēĸlardēr. (Staub,1978) 

Prososyal davranēĸ, baĸkalarēnēn iyiliĵini ya da refahēnē artērmayē ama­layan gºn¿ll¿ 

davranēĸlardēr; bu davranēĸlar yardēm etme, paylaĸma, rahatlatma ve iĸ birliĵi gibi ­eĸitli 

bi­imlerde ortaya ­ēkabilir. (Eisenber&Mussen,1989)Prososyal davranēĸ, bir baĸkasēna yardēm 

etmeye yºnelik herhangi bir davranēĸē ifade eder. Bu t¿r davranēĸlarēn altēnda empati, ahlaki 

y¿k¿ml¿l¿k ya da sosyal normlara uyum gibi ­eĸitli g¿d¿ler yatabilir. (Batson&Powell,2003)  

Prososyal davranēĸlar bireysel iyi oluĸu , empati ve ahlaki geliĸimi desteklemesinin 

yanēnda toplumsal uyum ve iĸ birliĵini ve ºzellikle kriz zamanlarē olmak ¿zere toplumsal 

dayanēklēlēĵē g¿­lendirir. Bireylerin ve toplumlarēn iyilik hali birbirlerinden etkilenir ve 

birbirlerini etkiler bu nedenle toplum yanlēsē davranēĸlar olarak da ifade edilebilen prososyal 

davranēĸlar ve altta yatan s¿re­leri anlamak ºnemlidir.  Bu ­alēĸmada prososyal davranēĸlara 

etki eden epigenetik mekanizmalarē ele alan bazē alan yazēn ­alēĸmalarē incelenecektir. 

Epigenetik DNA dizisinde deĵiĸiklik olmaksēzēn mitotik ve/veya mayotik olarak 

kalētēlabilen gen fonksiyonundaki deĵiĸikliklerin incelenmesidir. (Riggs,A. ve ark.,1996) 

Epigenetik; gen ekspresyonunun kalēcē olarak deĵiĸmesine neden olan ­evresel veya geliĸimsel 

etmenlerle tetiklenen kalētsal modifikasyonlarē inceler. Epigenetik baĸlēca DNA metilasyonu, 

histon modifikasyonlarēve Non-kodlayēcē RNA mekanizmalarēyla ­alēĸmaktadēr. ¢evresel 

faktºrler ve yaĸam tarzē gibi etmenlerin gen ekspresyonu ¿zerindeki etkilerini anlamada kritik 

ºneme sahip olan bu mekanizmalar ; DNA metilasyonu: DNA'nēn belirli bºlgelerine metil 

gruplarēnēn eklenmesi ile gen ekspresyonunu baskēlanmasē ; Histon modifikasyonlarē: Histon 
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proteinlerine eklenen kimyasal gruplarēn kromatin yapēsēnē deĵiĸtirerek gen ekspresyonunu 

etkilemesi ve Non-kodlayēcē RNA'lar: Gen ekspresyonunu d¿zenleyen ve protein kodlamayan 

RNA molek¿ller olarak ifade edilmektedir.  

Prososyal davranēĸlar ile epigenetik arasēndaki iliĸkiyi ele alan literat¿r geliĸmekte olan 

disiplinler arasē bir araĸtērma alanē olmakla birlikte bu iliĸkinin temelleri ºzellikle erken yaĸam 

deneyimlerinin (ºrneĵin; bakēm, sosyal destek) bireyin epigenetik mekanizmalarē ve sosyal 

davranēĸlarē ¿zerindeki etkilerine odaklanan ­alēĸmalarda atēlmēĸtēr.  

 Erken dºnem ­alēĸmalardan biri Roth ve arkadaĸlarēnēn (2009) sē­anlarda erken yaĸam 

olumsuz deneyimlerin (yetersiz bakēm, ihmal gibi) beyin t¿revli nºrotrofik faktºr (BDNF) 

geninin metilasyon durumunu ve davranēĸsal sonu­larēnē araĸtērdēklarē ­alēĸmadēr. ¢alēĸmada 

erken yaĸamda ihmale veya yetersiz annelik bakēmēna maruz kalan yavru sē­anlarēn kendi 

yavrularēna karĸē ºnemli ºl­¿de kºt¿ muamele edici davranēĸ sergiledikleri ve sēklēkla d¿ĸ¿k 

duruĸlu emzirme pozisyonlarē sergiledikleri bulgulanmēĸ ve atipik anne davranēĸēnēn 

gºzlemlenen anormal BDNF DNA metilasyonu ve gen ifadesi kalēplarēyla iliĸkili olduĵunu 

ortaya koyulmuĸtur.  Knafo ve arkadaĸlarēnēn (2011) prososyal davranēĸlarēn geliĸiminde gen-

­evre etkileĸimini ele aldēĵē ­alēĸmaya gºre ­ocuklarēn prososyal davranēĸlarē hem genetik 

faktºrlerden (ºzellikle DRD4 geni) hem de ebeveynlik tarzē gibi ­evresel etkilerden belirgin 

ĸekilde etkilenmektedir. ¢alēĸmada DRD4 7-repeat aleline sahip ­ocuklarēn ebeveynlik 

kalitesine karĸē daha y¿ksek duyarlēlēk gºsterdiĵi bulgulanmēĸtēr. DRD4 7-repeat aleline sahip 

­ocuklar destekleyici ebeveynlikte en y¿ksek, olumsuz ebeveynlikte ise en d¿ĸ¿k prososyal 

davranēĸ sergilemiĸlerdir. ¥nceki ikiz ­alēĸmalarē bulgularēnēn derlenerek deneysel ikiz 

verilerinin yeniden analizlenmesi ile gºzden ge­irilen aynē ­alēĸmaya gºre (Knafo-Noam ve 

ark. 2018) ­ocuklarēn prososyal davranēĸ eĵilimleri, kalētsal faktºrler ile ortak ve bireye ºzg¿ 

­evresel deneyimlerin etkileĸimiyle ĸekillenmektedir. ¢alēĸmada prososyal davranēĸlarēn 

geliĸiminde genetik etkinin g¿­l¿ olduĵu ancak ­evresel farklēlēklarēn da prososyal davranēĸēn 

geliĸiminde belirleyici rol oynadēĵē ortaya konulmuĸtur. 

 Meek (2013) gen-­evre etkileĸimi baĵlamēnda prososyal davranēĸēn geliĸimini ele alan 

eden ºnc¿ ­alēĸmalardandēr. ¢alēĸmada aile ortamēnēn prososyal geliĸim ¿zerindeki rol¿ g¿­l¿ 

ĸekilde ortaya konulmuĸtur. ¢ocuklarda prososyal davranēĸ geliĸiminin genetik yatkēnlēk ve 

ebeveynlik kalitesi arasēndaki etkileĸimden g¿­l¿ ĸekilde etkilendiĵi; 

destekleyici ve sēcak ebeveynlik tutumunda genetik risk taĸēyan ­ocuklarda bile prososyal 

davranēĸlarēn geliĸebildiĵi ancak olumsuz ebeveynlik tutumunda prososyalliĵin baskēlandēĵē 

bulgulanmēĸtēr. Serotonin taĸēyēcē genindeki 5-HTTLPR polimorfizminin prososyal davranēĸ 

¿zerindeki etkisi  ile sosyal kaygē d¿zeylerinin prososyal davranēĸ ¿zerindeki olasē aracēlēĵēnē 

test eden bir ­alēĸmada (Stoltenberg.,S. et. Al , 2013) 5-HTTLPRôde s alleli taĸēyan bireylerin 

sosyal kaygēya yatkēnlēklarē nedeniyle daha az prososyal davranēĸlarda bulunabildiĵi 

bulgulanmēĸtēr. Bu bulgu, serotonin sistemi ile sosyal davranēĸ arasēndaki baĵlantēda sosyal 

kaygē gibi psikolojik aracēlarēn ºnemini ortaya koymaktadēr.  Ķnsanlarda OXTR varyantlarēnēn 

sosyal sinyal gºnderme ve sosyal sinyal alma s¿re­lerini etkileyerek prososyal davranēĸēn iki 

yºn¿n¿ (ifade ve algē) birlikte ĸekillendirdiĵini deneysel olarak gºsteren ilk ­alēĸmalardan olan 

Kogan ve arkadaĸlarē (2011)ôda OXTR rs53576 GG genotipine sahip bireylerin prososyal 
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eĵilimlerini daha etkili ifade ettiĵi ve diĵerlerinin prososyal davranēĸlarēnē belirgin sosyal 

ipu­larēndan daha doĵru ĸekilde algēlayabildiĵi bulgulanmēĸtēr. ¢alēĸma oksitosin sisteminin 

sosyal sinyallerin gºnderilmesi ve algēlanmasēndaki rol¿n¿ ortaya koymasē yºn¿nden 

ºnemlidir.Walter ve arkadaĸlarē (2012) OXTR genindeki rs2268498 polimorfizminin, 

bireylerin kazara zarar verme durumlarēnē deĵerlendirmelerinde etkili olduĵunu bulmuĸtur buna 

gºre C aleli taĸēyan bireyler kazara zarar verme durumlarēnē daha az affedici olarak 

deĵerlendirmiĸlerdir. Bu bulgu, moral deĵerlendirmelerin prososyal davranēĸlarla iliĸkili 

olabileceĵini gºstermektedir.  Empatinin altta yatan mekanizmalarē ve bu mekanizmalarēn diĵer 

t¿rdeĸlere karĸē prososyalliĵi motive etmedeki etkisini inceleyen bir ­alēĸmada (Decety ve ark., 

2015) prososyal davranēĸlarda merkezi rol oynayan nºropeptid olarak vurgulanan oksitosinin 

insan ve diĵer memelilerde empatiyi ve sosyal baĵlanmayē desteklediĵi ve bakēm verme, grup 

i­i baĵlarē g¿­lendirme, t¿r¿n hayatta kalma ĸansēnē artērma gibi prososyal davranēĸlarēn 

evrimsel avantajlar saĵladēĵē ifade edilmiĸtir. Prososyalliĵin nesiller arasē aktarēmla ve 

aktarēmēn nºrometabolik kalētēmla desteklendiĵi hipotezinin ºne s¿r¿ld¿ĵ¿ bir ­alēĸmada 

(Okada, ve ark., 2020) ­ocuklarēn ve ebeveynlerin prososyallik verileri ile GABAĪ/Glx oranlarē 

arasēndaki iliĸkiler analiz edilmiĸtir. ¢alēĸmada ayrēca prososyallik eĵiliminde sosyoekonomik 

stat¿  ve sºzl¿ ebeveyn sevgisi etkileri de incelenmiĸtir. ¢alēĸmaya gºre nºrometabolik iletim 

etkisinden baĵēmsēz olarak sºzl¿ ebeveyn sevgisinin ­ocuklarēn prososyalliĵi ¿zerinde ºnemli 

bir pozitif etkisi gºzlemlenirken sosyoekonomik stat¿ i­in bºyle bir durum bulgulanmamēĸtēr 

ancak sosyoekonomik stat¿n¿n ebeveyn prososyalliĵi ile ºnemli ºl­¿de iliĸkili olduĵu 

bulgulanmēĸtēr. Oksitosinin (OXT) insan prososyal davranēĸlarēnēn nºrobiyolojik 

temellerindeki rol¿n¿ kapsamlē ĸekilde gºzden ge­iren bir derleme ­alēĸmasēnda (Marsh.,N. ve 

ark., 2021) OXTônin prososyal etkilerinin baĵlama duyarlē olduĵu; sosyal gruba aidiyet hissi 

veya karĸē tarafēn ñi­ grupò olarak algēlandēĵē durumlarda OXTônin pozitif etkilerinin g¿­l¿ 

olduĵu ancak aynē durumun dēĸ gruplara karĸē bazen rekabet­i veya ayrēmcē davranēĸlarē da 

artērabildiĵi ifade edilmiĸtir. ¥te yandan yenidoĵan dºneminde (kordon kanē DNAôsēnda) 

ºl­¿len DNA metilasyon desenlerinin, ­ocukluk ­aĵē d¿ĸ¿k prososyal davranēĸ d¿zeyleriyle 

iliĸkisini ele alan b¿y¿k ºl­ekli bir epigenom meta-analiz ­alēĸmasēna (Luo, M. ve ark.,2021)  

gºre doĵumda ºl­¿len DNAm desenleri ile ­ocukluk boyunca d¿ĸ¿k prososyal davranēĸ 

arasēnda kanēt bulunamamēĸtēr. ¢alēĸmada, prenatal (anne stresi, androjen maruziyeti) ve erken 

yaĸam stresºrlerinin (ebeveynlik, aile iĸlevselliĵi, sosyal izolasyon) bu metilasyon desenlerini 

ĸekillendirebileceĵi ve bunun da ilerleyen dºnemde prososyal davranēĸ geliĸimini 

etkileyebileceĵi vurgulanmēĸtēr. Erken ya 

Erken yaĸam deneyimi ile ­ocuĵun nºrobiyolojik ve sosyomoral sonu­larē arasēndaki 

baĵlantēlar i­in evrimleĸmiĸ yuva ­er­evesini kullanan alandaki ilk inceleme ­alēĸmasē 

(Tarshaa, Narvaez ,2023) evrimleĸmiĸ yuva bileĸenlerini prososyo ahlak i­in kritik bir 

nºrobiyolojik yapē taĸē olan oksitosinerjik iĸleyiĸ ve genel  prososyallik etkileri ¿zerinden ele 

almēĸtēr. Evrimleĸmiĸ yuva; 30 milyon yēldan daha eski ºzelliklerden oluĸur ve bir ­ocuĵun 

olgunlaĸtēk­a temel ihtiya­larēnē karĸēlamak ¿zere d¿zenlenir. K¿­¿k ­ocuklar i­in evrimleĸmiĸ 

yuva; yatēĸtērēcē perinatal deneyimler, emzirme, pozitif dokunuĸ, duyarlē bakēm, ­oklu 

bakēmverenler, kendi kendine yºnlendirilen oyun, sosyal gºm¿l¿l¿k ve doĵaya dalma gibi 

deneyimleri i­erir. Ķncelemede evrimleĸmiĸ yuva saĵlamanēn, ­ocuklar ve yetiĸkinlerde artan 
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endojen oksitosinerjik iĸleyiĸ ve olumlu sosyo-ahlaki sonu­larla iliĸkilendirildiĵi ­alēĸmalara 

deĵinilerek evrimleĸmiĸ yuva bileĸenlerinin ebeveynlerde ve ­ocuklarda oksitosinerjik iĸlevi 

etkilediĵi ve prososyalliĵin temellerini oluĸturmaya yardēmcē olduĵu ºne s¿r¿lmektedir.  

Ayrēca ekzojen oksitosin, evrimleĸmiĸ yuva saĵlama davranēĸlarēyla iliĸkilendirilmiĸtir ancak 

perinatal deneyimlerle ilgili sonu­lar karēĸēktēr. Perinatal dºnemde anneye verilen ekzojen 

oksitosinin baĵlanma ve emzirme s¿resini azaltarak potansiyel olumsuz etkilere sahip 

olabileceĵi belirtilmiĸtir.  3-18 yaĸ aralēĵēndaki altē doĵum kohortunun 19-49 yaĸ aralēĵēnda 

takip edildiĵi Gen­ Finliler ¢alēĸmasē verilerinin kullanēldēĵē ve ĸefkat gibi olumlu sosyal 

ºzelliklerin biyolojik yaĸlanma s¿reci ¿zerinde olasē yavaĸlatēcē etkisini araĸtēran prospektif bir 

­alēĸmaya (Dobewall, H., ve ark.,2023) gºre baĸkalarēna karĸē y¿ksek ĸefkat duymak bir bireyin 

biyolojik yaĸēnēn kronolojik yaĸēndan d¿ĸ¿k olmasē ¿zerinde etkilidir ancak bulgular baĸka 

sosyal ºzelliklerle iliĸkili olabilir. 2004-2017 yēllarē arasēnda ¿­ zaman noktasēnda ­alēĸmaya 

alēnan 1.213 ergeni i­eren benzer bir ­alēĸmada (Espinoza ve ark . ,2024) y¿ksek ahlaki kimlik, 

empati ve gºn¿ll¿l¿k gibi ¿­ erdem boyutunun ergenlik dºneminde epigenetik yaĸlanmayē 

ºngºr¿p ºngºrmediĵi ve bu iliĸkiye ºzsaygē ve psikolojik refahēn aracē rol¿ incelenmiĸtir. 

¢alēĸmaya gºre daha y¿ksek ahlaki kimlik ile empati erken ergenlik dºneminde daha y¿ksek 

ºz saygē ve psikolojik refahla ; erken ergenlik dºneminde daha y¿ksek empati ise ge­ ergenlikte 

GrimAge saatinde daha yavaĸ epigenetik yaĸlanmayla iliĸkilidir. ¢alēĸmada ayrēca orta ergenlik 

dºneminde daha y¿ksek ºz saygēnēn ge­ ergenlikte daha yavaĸ epigenetik yaĸlanmayē 

ºngºrd¿ĵ¿ ancak erken ergenlik dºnemindeki ¿­ erdemden hi­birinin zamanla ºz saygē, 

psikolojik refah veya epigenetik yaĸlanmayē ºngºrmediĵi bulgulanmēĸtēr. Sē­anlarda,olumsuz 

­ocukluk deneyimlerinden(ACE) rahim i­i yakēn partner ĸiddeti (IPV) ve anne ihmaline maruz 

kalma sonucu ortaya ­ēkan stresi taklit eden modellerin yol a­tēĵē sosyal eksiklikler, aĵrē 

duyumu ve epigenetik deĵiĸikliklerin  anneye uygulanan oksitosin ile iliĸkisini araĸtēran baĸka 

bir ­alēĸmanēn sonu­larēna gºre (Harris ve ark.,2025) kontrol grubundaki diĸi annelerden doĵan 

erkek yavrular, plantar kesi ameliyatēndan sonra sosyal davranēĸta azalma ve antisosyal 

davranēĸta artēĸ gºstermiĸtir. Bu yavrularēn anneleri oksitosin tedavisi aldēĵēnda yavrularda aĵrē 

kaynaklē oyun davranēĸēndaki bozulma tersine dºnm¿ĸ bu durum tēpkē erken yaĸtaki zorluklarēn 

beyni ilerleyen yaĸlarda aĵrēlē uyaranlara daha duyarlē hale getirebildiĵi gibi artan anne bakēmē 

gibi olumlu deneyimlerin koruyucu olabileceĵini ve dayanēklēlēĵē artērabileceĵini gºstermiĸtir. 

¢alēĸmada beklentilerin aksine perinatal travmaya maruz kalan yavrular, kontrol grubundaki 

diĸi annelerden doĵan yavrulara gºre sosyal davranēĸta artēĸ gºstermiĸ ve oyuna ºnemli ºl­¿de 

daha sēk baĸlamēĸtēr. Bu beklenmedik durum zorluk grubundaki yavrularēn olumlu anne bakēmē 

ile yalama ve tēmarlama gibi prososyal davranēĸlarē daha az deneyimlemiĸ olmayē telafi etmek 

amacēyla ergenlerin ikili sosyal/oyun karĸēlaĸmalarēnēn temelini oluĸturan homeostatik dengeyi 

yeniden saĵlamak i­in daha fazla oyun oynamayla iliĸkili olabileceĵi belirtilmiĸtir. ¢alēĸmada 

erken dºnemde olumsuzluklara maruz kalan hayvanlarda ka­ēnmacē oyun tepkilerinde artēĸ 

gºr¿lm¿ĸ ve bu durum doĵum ºncesi stresin yavrularda artan korku tepkisi ve ka­ēnmacē 

davranēĸlarla baĵlantēlē olduĵunu gºsteren ºnceki araĸtērmalarla tutarlē bulunmuĸtur. Ayrēca 

anneye oksitosin uygulanmasēnēn prososyal oyun baĸlatma veya oyun s¿rd¿rme davranēĸlarē 

¿zerinde etkisinin olmadēĵē ancak antisosyal ka­ēnmacē oyun davranēĸlarēna olan eĵilimi 

azalttēĵē bulgulanmēĸtēr. Bu ­alēĸma anneye uygulanan oksitosinin  olumlu etkilerinin anneden 

yavruya kalēcē bir ĸekilde aktarēlabileceĵini gºsteren ilk ­alēĸmalardan biri olmasē a­ēsēndan 
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ºnemlidir.Bir kēsētlayēcē i­inde sēkēĸēp kalmēĸ, sēkēntēlē bir t¿rdeĸini serbest bērakabildikleri bir 

sē­an yardēm etme davranēĸē testinde, ­oĵu sē­an motive olur ve sēkēĸmēĸ sē­anē (a­anlar) s¿rekli 

olarak serbest bērakēr ancak yaklaĸēk %30'u kēsētlayēcēyē a­maz (a­mayanlar) bu pop¿lasyonlar 

arasēndaki farkē belirlemek i­in a­ēcē ve a­ēcē olmayan ile erkek ve diĸi sē­anlarda davranēĸsal 

ve sinirsel belirte­lerin karĸēlaĸtērēldēĵē bir ­alēĸmada (Hazani ve ark.,2025) a­ēcē sē­anlarēn kapē 

a­ēlmadan ºnce ve sonra, a­ēcē olmayan sē­anlara kēyasla ºnemli ºl­¿de daha fazla sosyal 

iliĸkisel davranēĸ gºsterdiĵi bulgulanmēĸtēr. ¢alēĸmada a­ēcē sē­anlarēn nucleus accumbens'inde 

(NAc) oksitosin reseptºr¿ mRNA seviyeleri daha y¿ksektir ancak aynē bulguya ºn insulada 

rastlanmamēĸtēr. ¢alēĸmada a­ēcēlarēn NAc'sinde ­eĸitli transkripsiyon kontrol yollarē ºnemli 

ºl­¿de up reg¿le edilirken kemogenetik olarak paraventrik¿ler oksitosin nºronlarēnē inhibe 

etmenin yardēm etme davranēĸēnē ºnemli ºl­¿de bozmadēĵē ancak sosyallik ºl­¿tlerini azalttēĵē 

bulgulanmēĸtēr ve bu durum yardēm etmenin yalnēzca oksitosin sinyallemesine dayanmadēĵēnē 

gºstermiĸtir. ¢alēĸmada ayrēca erkek sē­anlarda uyarana ilk yanēt veren gen (IEG) c-Fos'a dayalē 

beyin genelindeki sinirsel aktivitenin analizi ile a­ēcē sē­anlarēn prososyal beyin bºlgeleri a­ēcē 

olmayanlara kēyasla daha aktif olarak bulgulanmēĸ olup ilgili alanlar insanlarda empatiyle 

iliĸkili bºlgeleri (insula, somatosensoriyel, singulat ve frontal korteksler) ve NAc gibi 

motivasyon ve ºd¿l bºlgeleri i­ermektedir. T¿m bulgular ēĸēĵēnda bu ­alēĸma prososyal 

davranēĸēn iliĸkisel davranēĸ ve prososyal sinir aĵēndaki aktivite tarafēndan tahmin 

edilebileceĵini gºstererek; prososyal davranēĸēn altēnda yatan nedensel mekanizmalarēn 

araĸtērēlmasē i­in hedefler ortaya koymuĸtur. 

Sosyal biliĸin algēsal ve ­ēkarēmsal d¿zeyini sērasēyla ToM-PST ve  K-RMET 

gºrevleriyle ºl­en baĸka bir ­alēĸmada (Hye Yoon Park ve ark., 2025) sosyal biliĸ cinsiyete 

gºre farklē genlerdeki metilasyonla iliĸkili olarak bulgulanmēĸtēr. Bu durum, karmaĸēk sosyal 

biliĸsel yeteneklerin algēsal ve ­ēkarēmsal d¿zeyleri arasēnda biyolojik farklēlēklar olduĵunu 

gºstermektedir. Yaĸamēn erken dºnemlerindeki olumsuzluklardan akut ve kronik stres 

faktºrlerine kadar ­ok ­eĸitli ­evresel faktºr BDNF geninin metilasyonunu etkilemektedir. 

¢alēĸmada erkeklerde artan BDNF metilasyonunun K-RMET performansēnda d¿ĸ¿ĸle iliĸkili 

olduĵu gºzlemi bu t¿r ­evresel etkilerin ºzellikle erkeklerde algēsal d¿zeyde sosyal bilgi 

iĸlemeyi etkileyebileceĵi ancak aynē iliĸkinin kadēnlarda bulunmamasē kadēnlarēn benzersiz 

epigenetik d¿zenleyici s¿re­leriyle iliĸkili olabileceĵi belirtilmiĸtir. ¢alēĸmanēn bulgularē 

doĵum ºncesi ­evresel toksik maddelere maruz kalmanēn erkeklerde daha y¿ksek BDNF 

metilasyonu ile baĵlantēlē olduĵu ancak kadēnlarda bu baĵlantēnēn bulunmadēĵē BDNF 

metilasyonunun cinsiyete baĵlē etkilerini gºsteren ºnceki araĸtērmalarla uyumludur aynē 

zamanda BDNF metilasyonu ile sosyal biliĸ - sosyal algē arasēnda da cinsiyete dayalē benzer bir 

iliĸki olduĵunu ortaya koymuĸtur.Bir ­alēĸmada (Seeman,T.,ve ark.,2020) gºn¿ll¿ bir m¿dahale 

programēna katēlmanēn, ­ocuklarēn sēnēflarēnda gºn¿ll¿ olarak ­alēĸan yaĸlē yetiĸkinlerde CtrA 

gen ifadesinin azalmasē ve ºz bildirime dayalē iyi oluĸ d¿zeylerinde artmayla 

iliĸkilendirilmiĸtir. Nakamura ve arkadaĸlarēnēn (2025) ABD'de 50 yaĸ ¿st¿ yaklaĸēk 9.962 

katēlēmcēyē kapsayan Health and Retirement verileri ile  yaĸlēlarda gºn¿ll¿l¿k ile azalan 

mortalite arasēndaki iliĸkiyi a­ēklayabilecek mekanizmalarē inceledikleri ­alēĸmada 

gºn¿ll¿l¿ĵ¿n ºl¿m oranēndaki d¿ĸ¿ĸle a­ēk­a iliĸkili olduĵu bulgulanmēĸtēr. Ayrēca ­alēĸmada 

olasē aracēlarda incelenmiĸ hem fiziksel hem de diĵer sosyal faktºrlerin gºn¿ll¿l¿k ve ºl¿m 
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oranēndaki d¿ĸ¿ĸe aracēlēk ettiĵi gºsterilmiĸtir. Buna gºre gºn¿ll¿l¿k gibi prososyal aktiviteler, 

sosyal baĵlar, baĸkalarēna yardēm etme ve toplulukla etkileĸim; yaĸlē bireylerde stres, izolasyon 

ve yalnēzlēk gibi olumsuz deneyimler ile kronik stres ve inflamasyonu azaltēr. (CRP gibi 

inflamasyon belirte­leri). ¢alēĸmada prososyal bir ­evreye sahip olmanēn psikolojik iyi oluĸ, 

umut ve ama­ sahip olmak gibi olumlu duygularē artērabileceĵi ; biyolojik stres, sistemik 

inflamasyon, oksidatif stres gibi olumsuz s¿re­leri ise azaltabileceĵi ve bu durum epigenetik 

yaĸlanmayē yavaĸlatabileceĵi belirtilmiĸtir. Ebeveyn prososyalliĵinin ­ocuklara nasēl ve hangi 

mekanizmalarla aktarēldēĵēnē a­ēklamaya yºnelik kuramsal bir modelin ºne s¿r¿ld¿ĵ¿ bir 

­alēĸmada (Qianwen, L.,Zhenhong,W.,2025) ebeveynin prososyal ºzelliklerinin ­ocuk 

¿zerindeki etkisinin genetik ve ­evresel modelleme yoluyla ebeveyn­ocuk etkileĸimleri, aile 

iĸleyiĸi gibi sosyal ­evre faktºrleriyle ĸekillendiĵi belirtilmektedir. Epigenetik mekanizmalarēn 

gen­evre etkileĸimini biyolojik d¿zeye taĸēyabileceĵi ; stres, bakēm kalitesi, sevgiye iliĸkin vb 

davranēĸlarēn epigenetik iĸaretler aracēlēĵēyla gen ekspresyonunu etkileyebileceĵi 

belirtilmektedir.Yine aynē ­alēĸmada ­ocuĵun ­evreye olan duyarlēlēĵē aracē olarak ele 

alēndēĵēnda prenatal ya da erken ­ocukluk dºnemindeki stres, bakēm kalitesi gibi ­evresel 

etkilerin ­ocuĵun stres hormonlarē, inflamasyon yanētlarē, sinirsel plastisite gibi biyolojik 

d¿zenleyici sistemlerinde epigenetik deĵiĸikliklere yol a­abileceĵi, bu deĵiĸikliklerin de 

prososyal davranēĸlarēn geliĸimini etkileyebileceĵi ºne s¿r¿lm¿ĸt¿r. 

3. SONU¢ 

 

Son yēllarda sosyal davranēĸlarēn biyolojik temellerini anlamaya yºnelik artan ilgi, prososyal 

davranēĸlarē da epigenetik d¿zeyde inceleyen yeni bir araĸtērma alanēnē beraberinde getirmiĸtir. 

Hem insan hem de hayvan modelleri ¿zerinde yapēlan araĸtērmalar, erken yaĸam deneyimlerinin 

ïºzellikle ebeveynlik kalitesi, sosyal bakēm, travma ve ­evresel stresºrlerinï epigenetik 

d¿zenlemeler yoluyla empati, yardēm etme davranēĸē ve baĵ kurma kapasitesi gibi prososyal 

eĵilimleri ĸekillendirebileceĵini gºstermektedir.  

 

Epigenetik mekanizmalar; genetik yatkēnlēk ile ­evresel etkileĸim arasēnda aracē bir rol 

oynamakta ve bu yolla bireyin sosyal davranēĸlarēna etki edebilmektedir. ¥zellikle oksitosin 

reseptºr geni (OXTR), serotonin taĸēyēcē geni (SLC6A4) ve BDNF gibi genlerdeki epigenetik 

deĵiĸiklikler, sosyal duyarlēlēk ve kiĸilerarasē etkileĸim kalitesiyle iliĸkilidir. Ayrēca, prenatal 

dºnemden baĸlayarak yaĸamēn erken dºnemlerinde oluĸan epigenetik izlerin prososyal 

davranēĸlar ¿zerinde uzun vadeli etkiler oluĸturabileceĵi ve bu etkilerin bazē durumlarda nesiller 

arasē aktarēlabileceĵine dair bulgular ºnemlidir. Bu bulgular, yalnēzca bireysel d¿zeyde deĵil 

aynē zamanda toplumsal baĵlamda da ºnemli ­ēkarēmlar sunmaktadēr. Bireylerde prososyal 

davranēĸlarēn desteklenmesine yºnelik ­evresel faktºrlerin d¿zenlenmesi ºrneĵin; sosyal 

destek, eĵitim, g¿venli baĵlanma iliĸkilerinin geliĸtirilmesi; epigenetik mekanizmalarēn 

etkileĸmesinde belirleyici olabilmektedir. Sonu­ olarak epigenetik mekanizmalar prososyal 

davranēĸlarēn geliĸiminde insan davranēĸēnēn biyolojik ve sosyal kºkenlerini birleĸtiren ºnemli 

bir ­alēĸma alanēdēr. Bu alan hem bireysel d¿zeyde sosyal becerilerin desteklenmesi hem de 

toplumsal d¿zeyde dayanēĸma, empati ve iĸ birliĵi gibi deĵerlerin g¿­lendirilmesi a­ēsēndan 

derinlemesine anlaĸēlmasē gereken bir alandēr. 
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¥ZET 

Otizm Spektrum Bozukluĵu ­ok ­eĸitli semptomlara karakterize olan karmaĸēk bir 

nºrogeliĸimsel bozuklukluktur. Nºrogeliĸimsel bir hastalēk olan otizm spektrum bozukluĵunun 

nedenlerini anlamak son derece ºnemlidir. Otizmin tedavisi ve yaĸam  boyu desteĵi de hastanēn 

yaĸam kalitesini iyileĸtirmek i­in ºnemlidir. Otizm bozukluĵunun geliĸiminde genetik 

faktºrler, epigenetik modifikasyonlar ve ­evresel faktºrler gibi birden fazla faktºr rol oynar. 

¢evresel-genetik faktºrler epigenomu bozabilir, otizmin geliĸimi etkileyebilir ve otistik 

fenotiplerin heterojen karmaĸēklēĵēnēn altēnda yatan neden olabilir. Epigenetik deĵiĸiklikler, 

DNA metilasyonu ve mikro RNA deĵiĸiklikleri OSBôile potansiyel biyobelirte­ olarak 

iliĸkilendirilmiĸtir. Araĸtērmamēzda OSBôun epigenetik mekanizmalarla iliĸkisini, ­evresel ve 

epigenetik faktºrler gibi otizme yol a­an  ­eĸitli etmenlerin gºzden ge­irilmesi ama­lanmēĸtēr. 

Anahtar kelimeler: Otizm Spektrum Bozukluĵu, Genetik,Epigenetik 
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ABSTRACT 

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder characterized by 

a broad range symptoms. It is extremely important to understand the causes of autism spectrum 

disorder  which is a neurodevelopmental disease. Treatment and lifelong support of autism are 

also important to 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 environmental factors can 

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  proposed as potential 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.GĶRĶķ 

Otizm spektrum bozukluĵu (OSB) d¿nyada ve T¿rkiyeôde artan yaygēnlēk oranlarēyla dikkat 

­eken ve her toplumda gºr¿len ºzel bir gruptur. Zihinsel yetersizlikten sonra ­ocuklarda en sēk 

rastlanannºro-geliĸimsel yetersizliktir. Buna ek olarak; akademik ve uygulamaya dºn¿k 

­alēĸmalarēn diĵer engel gruplarēna gºre daha ge­ tarihsel dºneme rastladēĵē bir gruptur. OSB 

olarak tanēmlanan klinik tablo ilk olarak 1943 yēlēnda Leo Kanner tarafēndan 11 olgu sunumu 

ile g¿ndeme gelmiĸtir. Kanner tanēmladēĵē 11 olguda insanlarla iliĸki kurma g¿­l¿ĵ¿, ekolali, 

zamirlerin tersten sºylenmesi, tekrarlayēcē ve ama­sēz davranēĸlar ve deĵiĸime diren­ 

belirtilerinden bahsetmiĸ ve bu durumu ñinfantil otizmò olarak adlandērmēĸtēr.  

Otizm spektrum bozukluĵu, genel olarak belirtileri yaĸamēn ilk yēllarēnda ortaya ­ēkan ve yaĸam 

boyu devam eden; etkileĸim ve iletiĸim alanēnda belirgin gecikme, sapma ve kēsētlayēcē ilgi 

alanlarē ile kendini gºsteren karmaĸēk geliĸimsel bir bozukluk olarak tanēmlanēr. G¿n¿m¿zde 

ise OSBônin her 68 ­ocuktan birini etkilediĵi; erkek ­ocuklarēnda gºr¿lme sēklēĵēnēn kēz 

­ocuklarēndan 4 kat daha fazla olduĵu ancak genelde kēz ­ocuklarēnda daha aĵēr seyrettiĵi 

belirtilmiĸtir. Otizmin nedeni, kesin olarak bilinmemekle birlikte biyolojik, genetik ve ­evresel 

faktºrlerin neden olduĵu d¿ĸ¿n¿lmektedir.(1) 

2.1.Otizm Spektrum Bozukluĵun  Etiyolojisi 

Nºrobiyolojik Faktorler: Nºrogºr¿nt¿leme ­alēĸmalarēnda OSBôde beyin geliĸimdeki 

anormalliklerin erken yaĸlarda baĸladēĵē, ¿­ yaĸ ºncesinde ºzellikle frontal lob, temporal lob 

ve amigdalada olmak ¿zere beyinde aĸērē b¿y¿me olduĵu sonra bu b¿y¿menin durduĵu 

bildirilmiĸtir. 

OSBôli bireylerde amigdala, temporal lob, frontal lob ve serebellum en ­ok farklēlēĵēn 

bildirildiĵi beyin bºlgeleridir. OSBôde EEG anormallikleri %50 oranēnda olduĵu bildirilmiĸtir. 

fMRG ­alēĸmalarēnda duygularē anlama gºrevi sērasēnda amigdalanēn aktive olmadēĵē, y¿z 

okuma gºrevi sērasēnda saĵ fusiform girusta aktivite azalmasē olduĵu bildirilmiĸtir. 

Nºrokimyasal ­alēĸmalarda gabaerjik ve serotoninerjik sistemin OSB ile iliĸkili olduĵu, 

hipoglutamaterjik bir bozukluk olduĵunu d¿ĸ¿nd¿ren veriler elde edilmiĸtir.(2-13) 

Genetik Faktºrler: OSB ile iliĸkili genetik deĵiĸiklikler mikroskobik ve submikroskopik 

kromozomal anomalilerden, Kopya Sayēsē Deĵiĸikliklerine (CNV) tek gen mutasyonlarēna 

varana kadar farklē bi­imlerde ortaya ­ēkabilir. OSB i­in yatkēnlēk oluĸturmasē olasē genlerin 

bir kēsmēnda nadir, tekrarlayēcē de novo ekzonik CNVôler tespit edilmiĸtir. Bunlar:  PTCHD1, 

NLGN1, SHANK1 ve SHANK3 genleridir. Epigenetik deĵiĸiklikler ve kromozomal ya da 

segmental homozigotisite ile sonu­lanan uniparental dizominin de otizmin patogenezinde rol 

oynayabileceĵi gºsterilmiĸtir.OSBôdeki spesifik genetik risk faktºrlerine iliĸkin ­alēĸmalarda 

Frajil X, ­eĸitli copy number variant kromozom 16p11.2 delesyon ve duplikasyon ve maternal 

15q11-q13 kopyalarē gibi,  ile OSB arasēnda anlamlē iliĸkilerin bulunduĵu belirtilmiĸtir.(3)  
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¢izelge 1. Otizm spektrum bozukluĵuyla iliĸkili genlerin ºzeti  

Genler: Nedenler: 

PTCHD1 Zihinsel Geliĸim 

HOX Beyin Geliĸimi i­in ºnemlidir 

CHD8 Beyin anormalliklerine neden  olur 

FOXP2 Dil ve Konuĸma Yetersizlikleri 

SHAFT3 Nºrotransmiter reseptºrleri ve sinir h¿creleri ile iletiĸimi 

OKTR Y¿z hafēzasēnda etkisi 

 

¢evresel Faktºrler: ­evresel etmenler arasēnda ĸunlar sēralanabilmektedir: beslenme yetersizliĵi 

,­eĸitli ila­ ve toksik ya da zehirleyici maddelere (kurĸun, poliklorobifenil) maruz kalma, d¿ĸ¿k 

doĵum aĵērlēĵē, sarēlēk ve doĵum sonrasē enfeksiyonlar gibi durumlar 

sēralanmaktadēr. Gebeliĵin ilk periyodunda valproik asit, talidomid kullanēmē, viral 

enfeksiyonlar, beslenme yetersizlikleri, aĸērē kusma; ikinci ve ¿­¿nc¿ trimesterlerdeki 

bakteriyel enfeksiyoniar, hastane yatēĸlarē, D vitamin eksiklikleri, annenin stres altēnda olmasē 

gibi dēĸ etkenler, anne karnēndaki bebeĵin beyin geliĸimini olumsuz etkileyebileceĵini 

d¿ĸ¿n¿lmektedir.(4) 

2.2.Epigenetiĵin Tanēmē ve Rol¿ 

Epigenetik, DNA dizisindeki deĵiĸimlerle a­ēklanamayan, mitoz ve/veya mayoz bºl¿nme ile 

kalētēlabilinen, gen fonksiyonundaki deĵiĸiklikler olarak tanēmlanmaktadēr. Epigenetik, dēĸ 

etkenlerin veya óbelirte­leriô nasēl deĵiĸtirdiĵini ve  bºylece genetik aktiviteyi nasēl etkilediĵini 

inceler. Epigenetiĵin ºncelikli rol¿,embriyonal dºnemde dºllenmiĸ yumurtadan organizma 

oluĸumunu yºnetmek ve reg¿le etmeye yardēmcē olmaktadēr. Epigenetiĵin diĵer rol¿, genler ve  

­evre arasēndaki etkileĸime bakmamēzē saĵlayan  yolu sunar,  genellikle kromatin yapēsēn gen 

ifadesini etkilemek i­in deĵiĸtirildiĵi yollarē ifade eder. OSBônin genetik ve ­evre ile iliĸkili 

karmaĸēk etkileĸimler sonucu ortaya ­ēkan epigenetik deĵiĸimler klinik gºr¿n¿mde 

multifaktoriyel bir bozukluk olduĵu belirlenmiĸtir. OSBônin etiyopatolojisi tam 

anlaĸēlmadēĵēndan epigenetik deĵiĸiklikler, gen ekspresyonu a­ēsēndan ­evresel faktºrlerin 

rºl¿n¿ a­ēklayabilir.(5-6) 

2.3.Epigenetik Faktºrler 

Epigenetik deĵiĸikliklerin dºrt farklē modifikasyonlarē vardēr: Histon Modifikasyonu, DNA 

Metilasyonu, RNA interferansē ve RNA modifikasyonlarēdēr.Gen ifadesi ve transkripsiyon 

d¿zeyinde ºnemli roller oynarlar. 

Histon modifikasyonlarē:genomun farklē transkripsiyonel potansiyellere sahip alanlara 

bºl¿nmesine yardēmcē olabilir. Histon kuyruĵu  asetilasyonu, n¿kleozomun ­ºz¿nmesini, geni 

serbest bērakmasēnē ve DNAônēn bileĸimini deĵiĸtirmesini saĵlar.Histon asetilom ile iliĸkili bir 

­alēĸmada otizmli hastalardan alēnan ºrnek analiz edildi ve genler ve iyon kanallarē arasēnda bir 

baĵlantē vardē, epilepsi ve nºronal uyarēlarla iliĸkiliydi. 

DNA Metilasyonu:doĵrudan DNA ifadesi ve transkripsiyon seviyesiyle ilgilidir. DNA 

metilasyonu,sitozinin beĸinci karbonuna metil izlerinin eklenmesi ile genlerin ifade durumunu 

etkiler. DNA metilasyonu, OSBônin dahil olmak ¿zere nºrolojik bozukluklarēn 
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patofizyolojisinde rol oynamaktadēr. Prolin a­ēsēndan zengin transmembran protein 1 (PRRT1) 

geni otistik beyinlerde temporal korteks ve serebellumda  daha d¿ĸ¿k metilasyon 

sergilemiĸtir.Otistik hastalarēnēn beyinlerindeki frontal kortekste epigenetik proteinler Tet 

metilsitozin dioksijenazlar (TET)  -1, -2,-3ô¿ kodlayan mRNAôlarēn arttēĵēnē, DNA metil 

transferaz 1ôin (DNMT1) azaldēĵēnē, metil CpG baĵlayēcē protein-2 (MECP2) ise deĵiĸmediĵini 

gºstermiĸtir. Hem MECP2 hem de DNMT1 proteininin RELN ve GAD1 baĵlanmasē artmēĸtēr 

ve bu iki genin iĸlevi azalmasēnda kaynaklanmaktadēr.(7-12) 

Kodlamayan RNA: Epigenetik mekanēzmalar  i­inde protein yapmayan  ve proteine  

­evrilemeyen  RNA  transkriptleri  olan baĵlanmayan RNAôlar(ncRNA) odak noktasē olmuĸtur. 

Proteinlerin yerel ­evirisi, nºronal aktiviteye baĵlē bir ĸekilde sinaptik alanda, spesifik 

mRNAôlarē ­eviri s¿reci aracēlēĵēyla ind¿klenir. Baĵēĸēklēk sistemi bozukluĵu ile iliĸkili 

proteinlerin b¿y¿k olasēlēkla otizme yol a­tēĵēnē gºstermektedir.( ¥rneĵin: IL1RAPL1, IL-1  

aktivitesini d¿zenler ve dendritik morfolojide rol oynar ve genetik olarak OSBôye neden 

olur.(8) 

sncRNAlar,MikroRNA (miRNA): sncRNAlardan 20-24 n¿kleotit uzunluĵundaki miRNAlar 

gen ¿zerinde mRNA translasyonunu sessizleĸtirerek etki gºsterir. miRNAlar OSB tanēlē 

bireylerin t¿k¿r¿k sēvēsēnda, periferik lenfoblast k¿lt¿r¿nde, OSB patogenezinde hedef 

molek¿ller olabileceĵi acēklanmēĸtēr.(9) 

Y-RNA: Y-RNAôlar yaklaĸēk 110 n¿kletid uzunluĵunda sncRNAôlardandēr, DNA replikasyonu 

¿zerinde epigenetik mekanizmalar ile etki gºsterir. Yapēlan bir ­alēĸmada ĸiddetli belirtileri olan 

OSB hastalarēnda belirgin olarak d¿zeyi farklēlēk gºsteren Y-RNAôlarēn olduĵu gºsterilmiĸtir, 

sadece OSBôde deĵil diĵer OSB belirtileri gºsteren diĵer nºrogeliĸimsel bozukluklarda Y-

RNAôlarēn farklēlēk gºsterebileceĵi d¿ĸ¿n¿lmektedir. 

tsRNA(Taĸēyēcē Kºkenli k¿­¿k RNA): tsRNAôda transkripte edilen ve DNAôda ters 

transkripsiyon ile genomda yeni lokasyona yerleĸen elementler kontrol¿,imm¿n yanēt ve h¿cre 

ºl¿m¿n¿n reg¿lasyonunu saĵlamaktēr. Maternal imm¿n aktivasyon ile ger­ekleĸtirilmiĸ hayvan 

modellemesinde OSB iliĸkili fenotip gºsteren farelerde tsRNAôlar ile birlikte nºrºgeliĸimsel 

deĵiĸimlere neden olabilecekleri gºsterilmiĸtir.(10) 

¢izelge 2. Otizm spektrum bozukluĵunun epigenetik deĵiĸimleri: 

Epigenetik Faktºrler: Nedenler: 

RNA metilasyonu mRNA dºn¿ĸ¿m¿ ile protein sentezi arasēnda ge­iĸin 

d¿zensizliĵi,metilasyondaki deĵiĸiklikler metilasyon kapasitesinin 

azalmasēna yol a­ar 

IncRNAôlar Farklē ĸekilde ifade edilen Inc RNAôlar nºronal baĵlantē ve sinaptik 

iĸlevlerin baĸarēzēlēĵēnda rol oynar 

miRNAôlar Sinaptik mekanizmalarda,sinaptik plastisite ve hafēzada, nºronal 

iĸlevlerde yer alan genleri kontrol eder 

 

 

HDAC1ôin inhibisyonu 

HDAC1 valproik asit inhibisyonu ve GSK3B lityum Wnt 

transkripsiyon inhibisyonunu arttērēr ve makrosefaliye neden olur 
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Histon H3 fosforilasyonu Androjen reseptºr uyarēlmasē i­in  H3K4 demetilasyonun 

engellenmesine neden olur 

Epigenetik proteinler DNA metiltransferaz ekspresyonun azalmasē 

 

2.4.Otizm Spektrum Bozukluĵunda Epigenetik Tedavi Yaklaĸēmlarē 

Davraniĸ terapisi, otizm semptomlarē i­in tek onaylē tedavi olarak durmaktadēr. Davranēĸsal 

d¿zeyde ­eĸitli psikososyal ve ­evresel terapiler anormal davranēĸlarē iyileĸtirmiĸtir.Bu terapi 

genellikle birka­ yēla yoĵun bire bir  seanslarē i­erir ve maliyet, s¿re, motivasyon eksikliĵi 

nedeniyle sēnērlē hale gelir. 

Farmakolojik d¿zeyde, psikiyatride kullanēlan bazē ila­lar psikososyal m¿dahaleleri 

geliĸtirebilir,ek olarak etkili ve spesifik epi-ila­larēn geliĸtirilmesi epigenomik deĵiĸiklikleri 

d¿zeltebilir.(Sulforafan,Oksitosin,Lityum,Bumetanid,Lokovorin,Arbaklofen,Risperidon,D-

vit) 

Genetik d¿zeyde,gen d¿zeltme terapisi belirli zaman aralēklarēnda uygulanabilir. Prensip olarak 

gen terapisi daha kalēcē etkilere sahip olabilir ve ge­ evrede fenotipik eksikleri 

ºnleyebilir.(Hayvan modellerinde, gen d¿zeltmeleri CRISPR aracēlē genle, transgen 

ekspresyonu,virus aracēlē genle ve oligonukleotidlerle gibi farklē yºntemlerle ge­ici veya kalēcē 

bir ĸekilde elde edilebilir).  

Epigenom d¿zeyinde, CRISPR-dCas9 teknolojisi ile iliĸkili spesifik epigenetik deĵiĸiklikleri 

tersine ­evirme potansiyeline sahiptir.(11)K¿melenmiĸ d¿zen, polindromik tekrarlar ve cas-

proteini baĵēĸēklēlēk sisteminin viral enfeksiyona karĸē koruma saĵlayan bir par­a olarak 

keĸfedildi. CRISPR ve naopartik¿ller kullanēlarak farelerde otizm spektrum bozukluĵuna neden 

olan gen baĸarēyla d¿zeltildi.CRISPRôile gen d¿zenleme etkili olabileceĵini 

vurgulanmēĸtēr,ancak gen d¿zenleme teknolojisi olduk­a tehlikeli ve yan etkileri olabilecek bir 

yºntemdir, bu y¿zden etik olarak tartēĸēlacak bir konudur. 

 

3.SONU¢ 

Epigenetik mekanizmalar, otizm spektrum bozukluĵunun geliĸiminde ºnemli katkēlar 

saĵlayanlar olarak daha fazla tanēnmaktadēr, DNA metilasyonundaki deĵiĸiklikler,ve histon 

modifikasyonu gibi epigenetik deĵiĸiklikler, genomik DNA dizisini deĵiĸtirmeden gen 

ifadesini etkileyebilir.Bu modifikasyonlar gen ifadesini d¿zenlemede  OSBôda ºnemli ºl­¿de 

rol oynar. 

Sonu­ olarak, otizm yaĸamēn ilk 3 yēlēnda ortaya ­ēkan ve kiĸinin sosyal, entelektuel ve dil 

becerisi a­ēsēndan toplumla iliĸkisin tamamen yok eden bir bozukluktur. Otizmin  epigenetik 

predispozisyonu olduĵu yaygēn olarak kabul gºrmektedir. 
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¥ZET 

T¿m h¿crelerimizde aynē DNA vardēr. Ancak DNAôdaki bilginin kullanēmē (ekspresyonu) 

h¿cre tipine ve koĸullara gºre deĵiĸebilir ve bu duruma ñgenler ¿st¿ genetikò ya da ñepigenetikò 

adē verilir. Farklē h¿crelerde ve farklē zamanlarda ekspresyonun deĵiĸmesinde; DNAôya 

ºzellikle Sitozin (C)ôe metil grubunun eklenmesi, histon modifikasyonlarē, kromatin 

modifikasyonlarē ve kodlamayan RNAôlarēn farklē fonksiyonlarē gºrev alēr. Epigenetik 

ekspresyonda meydana gelen deĵiĸimler h¿cre i­i ve h¿cre dēĸē faktºrlere baĵlēdēr. Bu dēĸ 

faktºrlerden biri de metabolizma ve v¿cuda giren besinlerdir. Metabolizma, organizmalarēn 

hayatta kalmak i­in ge­irdiĵi kimyasal reaksiyonlara verilen genel isimdir. Anabolizma 

(yapēm) ve katabolizma (yēkēm) olarak ikiye ayrēlēr. Metabolizma sonucu ortaya ­ēkan bir­ok 

¿r¿n metilasyonu, gen susturmayē, histon modifikasyonlarēnē tetikler. Bu iki kavramēn 

birleĸmesiyle ñmetaboloepigenetikò terimi oluĸur ve metabolizmanēn epigenetik ekspresyona 

etkisini ifade eder.  Metaboloepigenetik; canlēlarēn b¿y¿mesinde, h¿cre farklēlaĸmasēnda ve 

organizmanēn hayati faaliyetlerinin d¿zenlenmesi gibi bir­ok alanda ºnemlidir. Epigenetiĵi 

Etkileyen Metabolitler; S-adenosil metionin ( Histon modifikasyonu i­in bir metil grubu 

donºr¿d¿r ve varlēĵē gen susturma veya aktivasyonunu tetikler), Flavin Adenin Din¿kleotid 

(Histon metilasyonunun geri alēnmasēnda rol oynar), Asetil Koenzim A (Histon asetilasyonunda 

gºrev alēr, bu sebeple kromatinin a­ēlarak gen ekspresyonunun artmasēnda rol oynar), NAD  

(Histonlarē deasitile ederek gen ekspresyonunu baskēlar), Ŭ-Ketoglutarat (DNA ve histon 

demetilasyonlarēnda kofaktºr olarak kullanēlēr)ôi ºrnek verebiliriz. Yetersiz olmalarē 

durumunda epigenetik baskēlama ortaya ­ēkar ve yetersiz besin ortamē durumu embriyonik 

aĸamada ger­ekleĸirse hayati olabilecek veya ºm¿r boyu s¿rebilecek hastalēklara sebep olur. 

Tam tersi olarak da bir etkenin fazla olmasē veya birikmesi durumunda ise h¿creler fazlalēĵē 

atamadēklarēndan dolayē inflamasyon ger­ekleĸir, kanser riski artar, organizmanēn iĸlemlerinde 

aksama ve de bu sebeple dejenerasyon gºr¿l¿r. Metaboloepigenetik hastalēklara metabolit 

takviyesi, mineral takviyesi ve belirli ºzellikleri inhibe edecek takviyeler verilerek iyileĸmeye 

yardēm edilebilir veya hayat tarzē d¿zeltmeleriyle hem tedavi hem de erken ºnlem almak 

m¿mk¿nd¿r. Bu sunumda yeni bir alan olan ñMETABOLOEPĶGENETĶKò konusunun saĵlēkta 

ve hastalēkta ºnemi g¿ncel literat¿r ile derlenmiĸ olup paylaĸēlacaktēr. 

Anahtar Kelimeler: Epigenetik, Metabolizma, Histon Modifikasyonu, Kodlamayan RNA, 

Metabolit, DNA 
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ABSTRACT 

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

DNA (expression) can change depending the cellôs type and circumstances and this 

phenomenon is called ñgenetics above genomeò or ñepigeneticsò. The different functions that 

play a role in the change of 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 catabolism (breakdown). A lot 

of metabolic products trigger methylation, gene silencing and histone modifications. These two 

concepts come together to create the term ñmetaboloepigeneticsò and it defines the effect of 

metabolism on epigenetic expressions. Metaboloepigenetics 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 as: S-adenosyl methionine (A methyl group 

donor for histone modifications. 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 acetylation, for that reason itôs important for chromatin opening and 

gene expression increasing), NAD  (Suppresses gene expression by deacetylating histones), Ŭ-

Ketoglutarate (Used as a cofactor for DNA and histone demethylation). Epigenetic suppression 

occurs if there isnôt a sufficient amount of these metabolites in the environment and if this poor 

nutrition environment happens in the fetal period, it can cause fatal or lifelong diseases. On the 

opposite end, the excess buildup of certain materials cause inflammation as cells canôt get rid 

of it, the risk of cancer increases, degeneration occurs. Itôs possible to help patients with 

metaboloepigenetic diseases with metabolite or mineral supplements, supplements that ill 

inhibit certain factors or both treatment and early prevention are possible with lifestyle changes. 

In this presentation, the new field of ñMETABOLOEPIGENETICSò in health and disease and 

its importance will be compiled from relevant literature and shared.  

Key Words: Epigenetics, Metabolism, Histone Modification, Non-Coding RNA, Metabolite, 

DNA 
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1. GĶRĶķ 

Son yēllarda ortaya ­ēkan ve metabolizma ve epigenetik kavramlarēnē birleĸtiren 

metaboloepigenetik terimi, hastalēklarēn anlaĸēlmasēnda ve tedavisinde bize yeni bir bakēĸ a­ēsē 

sunmaktadēr. Organizmalarēn biyokimyasal fonksiyonlarē ve enerji dºn¿ĸ¿m s¿re­lerini 

inceleyen metabolizma alanē ile DNAônēn yapēsē deĵiĸmeden genetik ifadesinin deĵiĸmesiyle 

ilgili olan epigenetik alanēnēn birleĸmesiyle oluĸmuĸtur. Metaboloepigenetik, bu iki alanēn 

etkileĸimi ve metabolik ¿r¿nlerin epigenetik ekspresyon ¿zerindeki etkiyi araĸtērmaktadēr. 

 

Yapēlan g¿ncel ­alēĸmalarda beslenme alēĸkanlēklarēnēn ve hayat tarzē deĵiĸimlerinin epigenetik 

ekspresyonu etkilediĵi a­ēk­a ortaya konmuĸtur. Bu etkilerin bir­oĵunun hastalēklarē tetiklediĵi 

gºr¿lmektedir. Obezite, nºrodejenerasyon, kardiyovask¿ler hastalēklar ve daha bir­ok hastalēk 

metabolik deĵiĸikliklerin ve epigenetik modifikasyonlarēn birleĸimi ile iliĸkili olarak 

incelenmeye baĸlanmēĸtēr. 

 

Bu derlemenin amacē metabolizmanēn ve epigenetik deĵiĸikliklerin birbirini nasēl etkilediĵini, 

hastalēklarēn ve saĵlēk durumlarēnēn metaboloepigenetik perspektiften nasēl ele alēndēĵēnē, 

aralarēndaki etkileĸimlerin tedavi stratejileri ¿zerindeki potansiyel etkilerini tartēĸmaktēr. 

 

2. EPĶGENETĶK VE MEKANĶZMALARI 

DNA dizisinde deĵiĸim olmadan genetik ifadesinin nasēl deĵiĸtiĵini inceleyen bilim dalēdēr 

[13]. ¢evresel faktºrler DNA metilasyonu histon modifikasyonu, kromatin modifikasyonu ve 

kodlamayan RNAôlarē(ncRNA) etkileyerek organizmadaki gen etkinliĵini deĵiĸtirir. Bu 

epigenetik deĵiĸimler h¿creden h¿creye aktarēlabileceĵi gibi, nesiller boyu da aktarēlabilirler. 

[13] 

 

DNA Metilasyonu 

DNAôlardaki CpG din¿kleotitlerine DNA metiltransferaz enzimi (DNMT) aracēlēĵēyla bir metil 

grubunun eklenmesiyle ger­ekleĸir. Gen ifadesini d¿zenler. Somatik h¿cre bºl¿nmelerinde bu 

gen ifadeleri yavru h¿crelere taĸēnabilir. Gen baskēlanmasēnda rol oynayan proteinleri harekete 

ge­irerek veya transkripsiyon faktºrlerinin DNA'ya baĵlanmasēnē engeller. Geliĸim sērasēnda, 

metilasyon ve demetilasyon kullanēlarak h¿cre ve doku farklēlaĸmasē gºr¿l¿r. Metilasyon 

dengesinin bozulmasē sonucunda kanser dahil bir­ok hastalēk gºr¿lebilmektedir. [8] 

 

Histon Modifikasyonu 

DNA'nēn i­inde bulunduĵu kromozom yapēsēnēn ºnemli bir par­asē olan temel proteinlerdir. 

DNA'yē sēkēca sararak n¿kleozom adē verilen yapēlarē oluĸtururlar. Bir n¿kleozom, yaklaĸēk 146 

baz ­iftlik bir DNA zincirinin, histon proteinlerinin etrafēna sarēlmasēyla oluĸur. Bu histon 

proteinlerinin asetilasyonu, metilasyon, fosforilasyon ve ubikitinilasyonu sonucu epigenetik 

deĵiĸiklikler meydana gelir. Bu deĵiĸiklikler sonucu h¿cre i­i transkripsiyon aktivasyonu 

kromozom paketleme ve DNA hasarlarēnēn onarēmē gibi farklē s¿re­ler etkilenir. [11] [13] 
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Kromatin Modifikasyonu  

Histon modifikasyonlarē sonucu ortaya ­ēkan modifikasyonlardēr. Genlerin a­ēlmasē veya 

kapanmasēnē etkiler. DNA h¿cre i­erisinde paketlenmiĸ haldedir ve gevĸek (eukromatin) veya 

sēkē (heterokromatin) ĸeklinde bulunabilir. DNA eukromatin halindeyken protein sentezi daha 

fazladēr, dolayēsēyla da gen eksprresyonu daha fazladēr. Ancak DNA heterokromatin hale 

ge­tiĵinde gen ekspresyonu azalēr, buna gen susturulmasē veya sessizliĵi denir. H3K9 ve 

H3K27 metilasyonu genellikle gen sessizliĵini iĸaret ederken, H3K4 metilasyonu ise genellikle 

gen ifadesi aktivasyonunu simgeler. [13] 

 

ncRNAôlar 

Protein kodlamayan ancak h¿cre i­inde ºnemli biyolojik iĸlevlere sahip olan RNA 

molek¿lleridir. Kodlama yapmayan DNAôlar insan genomunun yaklaĸēk %98.5ôini oluĸturur 

[15]. Bir zamanlar bunlara ñ­ºp DNAò denilse de, g¿n¿m¿zde bu DNAôlarēn transkripsiyonu 

sonucu oluĸan bu protein kodlamayan RNAôlarēn (ncRNA) h¿cre d¿zenlemesinde ve memeli 

h¿crelerinin gen reg¿lasyonunda gºrev aldēĵē bilinmektedir. ncRNAôlar, DNMTôleri belirli 

DNA bºlgelerine yºnlendirerek doĵrudan metilasyon desenlerini etkilemekte, diĸilerde X 

kromozomunun inaktivasyonunda, kromatin d¿zenleyici komplekslerin doĵru bºlgelere 

taĸēnmalarēnda, farklē proteinleri bir araya getirerek d¿zenleyici kompleksler oluĸturmasēnda, 

gen susturmasēnda gºrev alērlar, kromatin yapēsēnē a­abilir veya kapatabilirler. [7] [13] [15] 

 
Gºrsel 1. Epigenetik Mekanizmalar [3] 
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3.  METABOLĶZMA 

V¿cutta ger­ekleĸen kimyasal reaksiyonlarēn toplamēna metabolizma denir. Anabolizma 

(yapēm) ve katabolizma (yēkēm) olmak ¿zere ikiye ayrēlēr. Bu reaksiyonlar sonucu organizmaya 

hayatēnē devam ettirmesi i­in gerekli enerji saĵlanēr ve organik materyaller sentezlenir. Hareket, 

b¿y¿me, geliĸme ve ¿reme i­in besin t¿keterek enerji ¿retimi ĸarttēr. B¿t¿n organizmalarda 

metabolik kimyasal reaksiyonlar aynēdēr. Kimyasal reaksiyonlar i­in gerekli enerji ATP 

molek¿lleri ¿zerinden karĸēlanēr. Organizmalar kompleks molek¿llerin sindirimi yoluyla veya 

oksidasyonla ATP ¿retebilirler. Metabolizmanēn ara ¿r¿nlerine metabolit adē verilir. [12] 

 

Glikoliz  

Glikoliz, glukozun pir¿vata dºn¿ĸt¿ĵ¿ ve ATP ¿retildiĵi bir dizi kimyasal reaksiyonun 

toplamēdēr. Bu s¿re­, h¿cre sitoplazmasēnda ger­ekleĸir ve oksijen gerektirmez. Glikolizde 

glukozun iki molek¿l pir¿vata dºn¿ĸt¿r¿lmesiyle birlikte, 2 molek¿l ATP ve 2 molek¿l NADH 

elde edilir. Glikoliz, hem aerobik (oksijenli) hem de anaerobik (oksijensiz) koĸullarda 

ger­ekleĸebilir. [12] 

 

 

Krebs Dºng¿s¿ 

Krebs dºng¿s¿, h¿crelerdeki enerji ¿retiminin ana yollarēndan biridir ve mitokondri 

matriksinde ger­ekleĸir. Glikoliz yoluyla elde edilen pir¿vat, asetil-CoA'ya dºn¿ĸerek Krebs 

dºng¿s¿ne katēlēr. Bu dºng¿de, asetil-CoA'nēn oksidasyonu ile karbondioksit (CO2) a­ēĵa ­ēkar 

ve y¿ksek enerjili elektron taĸēyan molek¿ller (NADH ve FADH2) sentezlenir. Bu s¿re­ 

elektron taĸēma zinciri ve oksidatif fosforilasyon ile birleĸir. [12] 

 

 
Gºrsel 2. Krebs Dºng¿s¿n¿n ¿rettiĵi epigenetik mekanizmalarda kofaktºr olan enzimler [3] 
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Oksidatif Fosforilasyon 

Glikoz ve yaĵ asitlerinin oksidasyonuyla elde edilen enerjinin, ATP ¿retmek i­in kullanēldēĵē 

reaksiyondur. Elektron taĸēma zinciri (ETS) aracēlēĵēyla serbest bērakēlan elektronlar, 

mitokondri zarēnda proton gradyanē oluĸturur. Bu proton gradyanē, ATP sentaz enzimi i­in bir 

g¿­ kaynaĵēdēr ve bu sayede ATP ¿retimi ger­ekleĸir. ETSôde son elektron alēcē oksijen 

olduĵundan dolayē su ortaaya ­ēkar. Bu s¿re­ h¿cresel solunumun son aĸamasēdēr ve h¿crenin 

enerji ihtiyacēnē karĸēlamak i­in en verimli yoldur. [12] 

 

Beta Oksidasyonu 

Beta oksidasyonu, yaĵ asitlerinin mitokondri i­erisinde asetil-CoA'ya dºn¿ĸerek enerji ¿retmek 

i­in kullanēlan bir s¿re­tir. Yaĵ asitleri, ºnce aktifleĸtirilip ardēndan mitokondriye taĸēnēr. Bu 

s¿re­te, her bir yaĵ asidi iki karbon birimleri halinde par­alanēr ve her biri asetil-CoA'ya 

dºn¿ĸt¿r¿l¿r. Asetil-CoA, daha sonra Krebs dºng¿s¿ne katēlarak enerji ¿retiminde 

kullanēlabilir. Beta oksidasyonu, h¿crelerde y¿ksek miktarda enerji depolayan yaĵ asitlerinin 

kullanēmēnē saĵlar. [12] 

 

Epigenetiĵi Etkileyen Metabolitler 

S-adenosil metionin (SAM): Histon modifikasyonu i­in bir metil grubu donºr¿d¿r ve varlēĵē 

gen susturma veya aktivasyonunu tetikler. [8] [10] 

Asetil Koenzim A (Acetyl-CoA): Histon asetilasyonunda gºrev alēr, bu sebeple kromatinin 

a­ēlarak gen ekspresyonunun artmasēnda rol oynar. [10] [11] 

NAD  (Nikotinamid Adenin Din¿kleotid): Histonlarē deasitile ederek gen ekspresyonunu 

baskēlar. [10] 

Ŭ-Ketoglutarat (Ŭ-KG): DNA ve histon demetilasyonlarēnda kofaktºr olarak kullanēlēr. Yetersiz 

olmasē durumunda epigenetik baskēlama ortaya ­ēkar. [10] 

 FAD (Flavin Adenin Din¿kleotid): Histon metilasyonunun geri alēnmasēnda rol oynar. [10] 

 

 

4. METABOLOEPĶGENETĶK 

Epigenetik ­evresel faktºrlere baĵlē olduĵundan dolayē, beslenme ve metabolik faaliyetler 

tarafēndan da etkilenmektedir. Bir­ok epigenetik enzimin metabolitleri kofaktºr olarak 

kullanmasē[10], metabolizmanēn epigenetik reg¿lasyonu doĵrudan etkilediĵini gºsterir. 

Metabolik faaliyetler bu ĸekilde v¿cuttaki bir­ok fiziksel s¿recin d¿zenlenmesinde doĵrudan 

etkilidir. [2] 

 

Anne karnēndaki embriyolardaki h¿cre farklēlaĸmasē, epigenetik yollarla kontrol edilir[16]. En 

baĸta b¿t¿n var olan h¿crelerin aynē olmasēna ve DNAôlarēnēn da aynē olmasēna raĵmen, 

embriyo anne karnēnda var olduk­a h¿creler farklēlaĸmaya baĸlar. Bu farklēlaĸma en baĸta 

h¿creler arasē sinyalleĸme yoluyla yapēlēr, ardēndan h¿creler kimliklerini stabilize etmek 

amacēyla metabolitleri kullanērlar. [9] 

 

Ķnsan metabolik aktivitesi ve sirkadyen ritmi, epigenetik olarak belirlenmiĸ bir faktºrd¿r. Belirli 

zaman aralēklarēnēn dēĸēnda, ge­ veya uyku saatlerinde yiyecek t¿ketmenin sirkadyen ritmini 
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bozduĵu gºr¿lmektedir. Asetil-CoA ve NAD  gibi epigenetiĵi etkileyen metabolitler v¿cutta 

birikerek SIRT1 ve benzeri proteinlerle etkileĸime girerek sirkadyen ritmin kaymasēna sebep 

olur. [11] 

 

Baĵērsaktaki bakteriler tarafēndan ¿retilen kēsa zincirli yaĵ asitleri, epigenetik d¿zenleyicileri 

doĵrudan etkiler. Bu mekanizma baĵērsaĵēn epitel b¿t¿nl¿ĵ¿, imm¿n tolerans ve metabolizma 

¿zerinde rol oynar. Baĵērsak saĵlēĵēnē olumsuz etkileyen beslenme tarzlarē, bu bakterileri 

olumsuz etkileyerek ºl¿mlerine sebep olur. Bu sebepten dolayē da insan saĵlēĵē olumsuz 

etkilenir, obezite veya kolon kanseri gibi sonu­lar doĵurabilir. 

 

Kalori kēsētlamasē ve egzersiz, v¿cudun belirli bir a­lēk s¿resine girmesine sebep olur. Bu a­lēk 

veya oru­ durumu, saĵlēĵē tehdit etmeyecek boyutlarda olduĵunda, SIRT1 proteininin 

artmasēna ve epigenetik reg¿lasyona sebep olur ve insan saĵlēĵēnē olumlu yºnde etkiler. [11] 

 

Anne karnēndaki fet¿s¿n maruz kaldēĵē olumsuz ­evresel faktºrlerin fet¿s¿n organlarēnēn 

geliĸimini kalēcē olarak etkilediĵi ve bu da doĵumdan sonra yaĸam boyu hastalēk riskini 

arttērdēĵē bilinmektedir. Bu hipotez ºzellikle stresli veya yetersiz yemek olduĵu ortamda 

gºzlemlenmiĸ ve 1990ôlarēn baĸēnda David Barker tarafēndan ortaya atēlmēĸtēr. Fet¿s¿n geliĸen 

organlarēnēn ­evresel koĸullara uyum saĵlamak i­in programlandēĵēnē ve bu programlamanēn, 

ilerleyen yaĸlarda kalp hastalēklarē, diyabet ve hipertansiyon gibi kronik hastalēklarēn ortaya 

­ēkmasēna zemin hazērladēĵēnē savunur. Yani, kºt¿ beslenme, d¿ĸ¿k doĵum aĵērlēĵē ve stres gibi 

faktºrler, genetik yatkēnlēkla birleĸerek daha sonra saĵlēk sorunlarēna yol a­abilir. Hollandaôda 

2. D¿nya Savaĸē sērasēnda yaĸanan kētlēk bu bulgularē desteklemektedir. Bu dºnemde doĵan 

bebeklerde ileriki yaĸlarda ĸizofreni ve kalp hastalēĵē dahil olmak ¿zere bir­ok hastalēk ­ok 

daha y¿ksek oranda gºr¿lmektedir. [5] 

 

 
 

Gºrsel 3. T¿ketilen besinlerin metabolizmaya etkisi [20] 
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4.1 HASTALIKTA METABOLOEPĶGENETĶK 

Kanser h¿crelerinin metabolizmasē normal h¿crelerden farklēdēr. Oksijenli solunum deĵil, 

glikoliz yaparak enerji ¿retirler. T¿mºrler epigenetik olarak normal h¿crelerden farklēlardēr, 

ortamda yeterli d¿zeyde oksijen ve saĵlam mitokondri olsa bile bol miktarda glukoz t¿keterek 

bunu laktata ­evirirler. Kanser h¿crelerinde biriken bazē metabolik ara ¿r¿nler, kanserin 

geliĸmesine veya ilerlemesine sebep olabilir. Bunlara onkometabolit denir. Onkometabolitler, 

kanserin tek sebebinin genetik mutasyon olmadēĵēnē ve metabolik aktivitemizin de bunun 

¿zerinde bir etkisi olduĵunu gºsterir. [14] [18] 

 

Kalp saĵlēĵēnda metaboloepigenetik ve beslenme b¿y¿k rol oynamaktadēr. ¢ok miktarda 

doymuĸ yaĵ t¿ketimi DNA metilasyonunu olumsuz yºnde etkileyerek damar hastalēklarēna 

sebep olur[14]. Kan yaĵ seviyesinin artmasē, asetil-CoA birikimine sebep olarak 

kardiyovask¿ler hastalēklarē tetikler. Kronik inflamasyon (obezite, diyabet vs) NF-kB sinyal 

yollarēnēn aktifleĸmesine sebep olarak kalp saĵlēĵēnē olumsuz etkiler. KHV hastalēklarēnda 

glukoz metabolizmasēnē hedef alan tedaviler kullanmak, bu hastalarda iyileĸme s¿recini 

arttērmaktadēr. [19] 

 
Gºrsel 4. Epigenetiĵin kalp saĵlēĵēna olumsuz etkileri [19] 

 

Nºronlar y¿ksek enerji ¿rettiklerinden dolayē mitokondri ve glukoza baĵēmlēdērlar. 

Mitokondriyal disfonksiyon ger­ekleĸmesi halinde, NAD  oranlarē azalarak SIRT 

proteinlerinin aktivitesinin d¿ĸmesine ve epigenetik reg¿lasyonda bozukluĵa sebep olur. SIRT 

proteinleri, beyin plastisitesi ve nºral hayatta kalēm ile iliĸkilidir. Yetersiz beslenme sonucunda 

oluĸan sistematik enflasyon, kan-beyin bariyeriyle beyne ge­erek nºrodejenerasyona sebep 

olabilir. Bu da g¿n¿m¿zdeki Alzheimerôēn en b¿y¿k sebebidir. [19] 
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Gºrsel 5. Zararlē beslenmenin beyin saĵlēĵēna etkisi [19] 

 

 

4.2 SAĴLIKTA METABOLOEPĶGENETĶK 

 

Epigenetik deĵiĸimlerin en b¿y¿k etmeni ­evre olduĵundan dolayē, bir etmenin fazlalēĵē 

epigenetiĵi deĵiĸtirebilmektedir. Bu y¿zden metabolit veya metabolik etmen birikimleri 

epigenetiĵi y¿ksek oranda etkilemektedir ve h¿crenin eski d¿zenine dºnebilmesi i­in bu 

etkenlerin azalmasē gerekmektedir. Aynē ĸekilde bir etmenden yeteri kadar bulunmamasē, 

epigenetik mekanizmalarēn ­alēĸamamasēna da yol a­abilmektedir. Belirli vitamin ve 

minerallerin metaboloepigenetik ¿zerinde etkileri olduĵu bilinmektedir. [13] 

 

Folat, B12 vitamini, kolin, metionin gibi maddeler 1-karbon metabolizmasēnē deĵiĸtirerek DNA 

ve histon modifikasyonlarēnē etkilerler [9] [13] . Biyotin ve nisain gibi bileĸenler, histon 

asetilasyonunu etkilerler. ¢ay kateĸinleri ve genistein DNMTôleri etkilerler. D vitamini, h¿cre 

i­inde n¿kleer reseptºr transkripsiyon faktºr¿ olan D vitamini reseptºr¿n¿ doĵrudan 

etkileyerek epigenetiĵe katkē saĵlar. [1]   

 

Minerallerden selenyum, antioksidan enzimlerde ºnemli bir kofaktºrd¿r. DNA onarēmēnda 

ºnemlidir. Eksikliĵinde kanser ve otoimm¿n hastalēklar gºr¿l¿r. Bazē miRNAôlarēn aktive 

edilmesinde gºrevlidir. [1]   

 

¢inko elementi yapēm, onarēm, katalitik ve d¿zenleyici reaksiyonlarda zorunludur. Geliĸim 

dºneminde eksikliĵinde tat h¿cresi eksikliĵi, v¿cudun geliĸememesi, ge­ ergenlik gibi 

hastalēklar doĵurur. Araĸtērmalar, ­inko eksikliĵinde kan h¿crelerinin enflamasyonla baĸa 

­ēkamadēĵēnē gºstermektedir. [1]   

 

Demir, magnezyum ve al¿minyumun enflamasyona karĸē tepki ¿retmede gºrevli miRNAôlarē 

tetiklediĵi gºr¿lm¿ĸt¿r. [1]   

 

Oksidatif fosforilasyonun daha fazla ATP ¿retmesine raĵmen hēzlē bir bi­imde enerji ¿retmek 

isteyen baĵēĸēklēk h¿creleri glikoliz kullanērlar. Hastalēklarla karĸēlaĸmēĸ ve eĵitilmiĸ baĵēĸēklēk 

h¿creleri ise, eĵitilmemiĸlere oranla daha y¿ksek oranda oksidatif fosforilasyon yaparlar ve 
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daha verimli ­alēĸērlar. Bu ĸekilde baĵēĸēklēk h¿crelerinin eĵitilip eĵitilemeyeceĵi ve epigenetik 

reg¿lasyonlarla bu h¿crelerin veriminin arttērēlmasē araĸtērēlmaktadēr[17]. 

 

Gerekli metabolit arttērēcē takviyelerin diyabet ve kanser hastalarē ¿zerinde olumlu etki yarattēĵē 

gºr¿lmektedir. Ayrēca dengeli beslenme ve egzersizin SIRT1 protein reg¿lasyonunda en ºnemli 

etken olduĵu ve diyabet hastalarēnda bu t¿r yaĸam tarzē m¿dahalelerinden olumlu sonu­ alēndēĵē 

gºr¿lm¿ĸt¿r. [20] 
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¥ZET  
 

S¿peroksit Dismutaz 1 (Superoxide Dismutase 1= SOD1) geninin promotºr bºlgesinde yer alan 

50 bp uzunluĵundaki Ķnsersiyon/Delesyon (Ins/Del) polimorfizmi, gen ekspresyonunu 

etkileyen ve oksidatif stres yanētēyla iliĸkili fonksiyonel bir gen varyantēdēr. Bu varyantēn 

analizinde PCR ile agaroz jel elektroforezi ve jel gºr¿nt¿leme sēklēkla tercih edilen bir 

yºntemlerdir. ¥te yandan SOD1 genindeki 50 bp Ins/Del varyantē, amplikasyon ¿r¿nlerinin 

uzunluklarēndaki belirgin farklēlēklar nedeniyle High Resolution Melting (HRM) analizi i­in 

uygun bir hedef oluĸturmaktadēr. Bu ­alēĸmada, sºz konusu varyantēn tespitine yºnelik olarak 

HRM analizi ile PCR, agaroz jel elektroforezi ve jel gºr¿nt¿leme yºntemlerinin karĸēlaĸtērmalē 

olarak deĵerlendirilmesi ama­lanmēĸtēr. ¢alēĸmaya 26ôsē sigara baĵēmlēsē, 27ôsi sigara i­meyen 

olmak ¿zere toplam 53 birey dahil edilmiĸtir. T¿m bireylerde SOD1 geni Ins/Del genotiplemesi 

her iki yºntemle ger­ekleĸtirilmiĸtir. HRM analizi ile PCR, agaroz jel elektroforezi ve jel 

gºr¿nt¿leme yºntemleriyle elde edilen genotipleme sonu­larē karĸēlaĸtērēldēĵēnda; iki yºntemin 

de t¿m DNA ºrnekleri i­in tamamen aynē sonu­lar verdiĵi belirlenmiĸtir. Ayrēca, yºntemler 

duyarlēlēk, analiz s¿resi ve maliyet gibi parametreler a­ēsēndan da karĸēlaĸtērēlmēĸtēr. HRM 

analizi, y¿ksek hassasiyet ve hēzlē sonu­ verme ºzellikleri a­ēsēndan avantajlē (Yaklaĸēk 4 saat) 

bulunurken; PCR, agaroz jel elektroforezi ve jel gºr¿nt¿leme yºntemi ise biraz daha d¿ĸ¿k 

maliyet avantajēna sahip olmakla birlikte daha fazla insan g¿c¿ ve zaman gerektiren bir yºntem 

(yaklaĸēk 7 saat) olarak deĵerlendirilmiĸtir. Sonu­ olarak, her iki yºntemin de g¿venilir olduĵu, 

ancak se­im yapēlērken laboratuvar altyapēsē, b¿t­e ile ºrnek sayēsē gibi faktºrlerin dikkate 

alēnmasē gerektiĵi ve laboratuarda HRM analizi yapēlacak koĸullar varsa HRM analizinin 

yapēlmasē ºnerilmiĸtir. 

 

Anahtar Kelimeler:  SOD1, PCR ve Agaroz Jel, HRM, DNA, Ins/Del 
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COMPARISON OF HRM WĶTH PCR AND AGAROSE GEL ELECTROPHORESIS 

METHODS IN GENOTYPING OF SOD1 50 BP INS/DEL POLYMORPHISM  

 

Dr. ¦LGEN SEVER1, M.Sc.Bio. FATIMA CEREN TUN¢EL2 ve Prof.Dr. SACĶDE 

PEHLĶVAN3 

1 Istanbul University, Institute of Health Sciences, Department of Molecular Medicine, 

ulgenn_@hotmail.com - ORCID ID: 0000-0002-9754-0446 
2 Istanbul University, Faculty of Medicine, Institute of Health Sciences, Department of 

Medical Biology, fatimaceren.tuncel@gmail.com - ORCID ID: 0000-0001-6787-2565 
3 Istanbul University, Faculty of Medicine, Department of Medical Biology, 

sacide.pehlivan@istanbul.edu.tr - ORCID ID: 0000-0003-1272-5845 

 

ABSTRACT 

The 50-bp 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 associated 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 Resolution Melting (HRM) 

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 variant. A total of 53 individuals were 

included in the study, 26 of whom were smokers and 27 were non-smokers. SOD1 gene Ins/Del 

genotyping was performed using both methods in all individuals. When genotyping results 

obtained by HRM analysis with PCR, agarose gel electrophoresis, 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 advantageous 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 labor-intensive and time-consuming (approximately 7 hours). In 

conclusion, both 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 HRM analysis. 

 

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

S¿peroksit dismutazlar (SOD), s¿peroksit radikallerinin detoksifikasyonunda gºrev alan 

enzimatik antioksidanlar olup, oksidatif stresle m¿cadelede temel bir rol ¿stlenirler (1). 

Antioksidan aktivitelerini ger­ekleĸtirebilmeleri i­in bir metal kofaktºre ihtiya­ duyarlar. ¦­ 

ana SOD tipi bulunmaktadēr: h¿cre i­inde Cu/Zn i­eren SOD1, mitokondride Mn i­eren SOD2 

ve h¿cre dēĸēnda Cu/Zn i­eren SOD3 (2). Sitoplazmada bulunan ºnemli antioksidan 

enzimlerden biri olan SOD1, kromozom 21q22ôde yer alan SOD1 geni tarafēndan kodlanēr (3). 

Bu genin d¿zenleyici bºlgelerinde ­eĸitli polimorfik varyantlar bulunur. Bunlardan biri, 

promotºr bºlgede ATG baĸlangē­ kodonunun 1684 baz ­ifti (bp) ºncesinde yer alan 50 bpôlik 

insersiyon/delesyon (Ins/Del) (rs36232792) polimorfizmidir. Bu bºlge; iki SP1, iki C/EBP ve 

bir AP2 baĵlanma bºlgesi gibi farklē transkripsiyon faktºrlerine baĵlanma alanlarē i­erir (4). 

Dolayēsēyla, 50 bp Ins/Del polimorfizmi SOD1 gen ekspresyonunun d¿zenlenmesinde ºnemli 

bir role sahiptir. ¥zellikle 50 bp delesyon varyantē, promotºr aktivitesinin azalmasē ve SOD1 

d¿zeylerinin d¿ĸmesi ile iliĸkilendirilmiĸtir. 

Bu polimorfizmin analizinde PCR ve agaroz jel elektroforezi yaygēn olarak kullanēlan klasik 

bir yºntemdir. ¥te yandan, HRM analizi, amplikonlarēn erime profillerinde gºzlenen 

farklēlēklara dayanarak genotip ayrēmēna olanak tanēyan hēzlē ve hassas bir tekniktir. ¥zellikle 

Ins/Del tipi polimorfizmler, amplifikasyon ¿r¿n uzunluklarēndaki belirgin farklar sayesinde 

HRM analiziyle kolaylēkla tespit edilebilmektedir. SOD1 genindeki 50 bpôlik Ins/Del 

polimorfizmi de bu a­ēdan HRM analizine uygun bir hedef oluĸturmaktadēr. Bu ­alēĸmada, 

sigara i­en ve i­meyen bireylerde SOD1 genindeki 50 bp Ins/Del polimorfizminin tespitine 

yºnelik olarak HRM ile PCR ve agaroz jel elektroforezi olmak ¿zere iki farklē yºntem 

kullanēlmēĸ; her iki yºntem, duyarlēlēk, analiz s¿resi ve maliyet gibi parametreler a­ēsēndan 

karĸēlaĸtērmalē olarak deĵerlendirilmiĸtir. 

 

 

2. GERE¢ VE Y¥NTEM 

¢alēĸmaya, 26ôsē sigara baĵēmlēsē ve 27ôsi sigara i­meyen olmak ¿zere toplam 53 birey dahil 

edildi. Periferik kan ºrneklerinden DNA izolasyonu ger­ekleĸtirildi. Katēlēmcēlarēn SOD1geni 

50 bp Ins/Del genotiplendirilmeleri hem HRM hem de PCR ve agaroz jel elektroforezi 

yºntemleri ile ger­ekleĸtirildi. 

 

2.1. PCR ve agaroz jel elektroforezi 

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

polimeraz enzimi ile DNAônēn belirli bºlgelerini ­oĵaltmaya yarayan bir n¿kleik asit 

amplifikasyon tekniĵidir. 1985ôte Kary Mullis ve ekibi tarafēndan geliĸtirilmiĸ, Mullis bu 

­alēĸmasēyla Nobel ¥d¿l¿ kazanmēĸtēr. 

PCR, k¿­¿k miktardaki DNA ºrneklerini analiz edebilmek i­in 3 ana aĸamada ­alēĸēr: 

1. Denat¿rasyon (å95 ÁC) ï ¢ift zincirli DNAônēn iplikleri ayrēlēr. 

2. Baĵlanma / Hibridizasyon (å55ï72 ÁC) ï Primerler, hedef DNA bºlgelerine baĵlanēr. 
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3. Uzama / Amplifikasyon (å72 ÁC) ï Taq polimeraz enzimi yeni DNA zincirlerini 

sentezler. 

Bu dºng¿ tekrarlandēk­a DNA miktarē ¿stel olarak artmakta, bºylece hedef gen bºlgesi 

milyonlarca kez kopyalanabilmektedir(5). 

PCR analizi, 5-AATTCCTTACCCCTGTTCTA-3 ve 5-GGCAGATTTCAGTTCATTGT-3 

primer ­ifti kullanēlarak, 54ÁC'lik baĵlanma sēcaklēĵēnda ger­ekleĸtirildi (6). PCR ¿r¿nleri, 

%2,5'lik agaroz jelde, 80Vôda en az 1 saat s¿reyle elektroforez edildi. Agaroz jel UV ēĸēĵē 

altēnda gºr¿nt¿lenerek katēlēmcēlara ait genotipler (297 bp Ins varyantē ve 247 bp Del varyantē 

olmak ¿zere) belirlendi (6). 

 

2.2. HRM 

 

HRM (High Resolution Melting) metodu, PCR sonrasē DNA ºrneklerinin n¿kleotid 

dizilimindeki farklēlēklarē (mutasyon, polimorfizm, metilasyon durumu vb.) hēzlē ve hassas 

ĸekilde tespit etmeye yarayan bir tekniktir (7). Temel prensip, PCR sērasēnda DNAôya baĵlanan 

­ift zincir boyalarēnēn (ºr. SYBR Green, LCGreen) kullanēlmasēdēr. PCR tamamlandēktan sonra 

ºrnek yavaĸ­a ēsētēlēr. Isē arttēk­a DNA, erime sēcaklēĵēna (Tm) ulaĸtēĵēnda ­ift zincir 

birbirinden ayrēlēr; bu sērada boya DNAôdan serbestleĸir ve floresan sinyali d¿ĸer (8). Elde 

edilen erime eĵrileri, DNA dizilimindeki k¿­¿k farklēlēklarē bile ortaya ­ēkarabilir. Bu nedenle 

HRM, SNP tespiti, mutasyon analizi, genetik ­eĸitlilik ­alēĸmalarē ve metilasyon durumu 

belirleme gibi alanlarda yaygēn olarak kullanēlēr (7,8). Avantajlarē arasēnda kapalē t¿p yºntemi 

ile ­alēĸēlmasē (kontaminasyon riskinin azalmasē), hēz, d¿ĸ¿k maliyet ve ek iĸlem gerektirmeden 

sonu­ elde edilmesi yer alēr (8). 

 

HRM analizi, aynē primer ­ifti kullanēlarak Darvishi ve ark. (2019) tarafēndan bildirilen 

protokole uygun ĸekilde ger­ekleĸtirildi. Analizler Rotor-Gene Q (Qiagen) cihazē ile y¿r¿t¿ld¿. 

Katēlēmcēlara ait genotipler, erime eĵrisi analizi ile (erime pikleri; Ins varyantē 84.6 ÁC ve Del 

varyantē 82.8 ÁC olmak ¿zere) belirlendi (9).  

 

HRM analizinin duyarlēlēĵēnē deĵerlendirmek amacēyla, kullanēlacak DNA miktarēnēn 

belirlenmesine yºnelik olarak, baĸlangē­ DNA konsantrasyonunun %50, %10 ve %1ôine kadar 

seyreltilmiĸ ºrnekler hazērlandē. Her ºrnek, aynē protokol izlenerek HRM yºntemiyle analiz 

edildi.  
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¢izelge 1. SOD1 geni 50 bp ins/del polimorfizmi reaksiyon karēĸēmlarē ve koĸullarē 

 

Yºntem Reaksiyon Karēĸēmē Reaksiyon Koĸullarē 

PCR 

ddH2O 

MgCl2 

dNTP 

F Primer 

R Primer 

Taq 

DNA 

94ÁC 5 dakika 

94ÁC 20 saniye 

54ÁC 30 saniye         35 dºng¿ 

68ÁC 40 saniye 

68ÁC 5 dakika 

 

HRM  

2X HRM premix (EvaGreen) 

ddH2O 

F Primer 

R Primer 

DNA 

95ÁC 15 dakika 

95ÁC 40 saniye 

59ÁC 35 saniye         40 dºng¿ 

72ÁC 60 saniye 

70ÁC ï 96ÁC (her 2 saniyede 0,1ÁC 

artēĸ) 

 

 

3. BULGULAR  

T¿m katēlēmcēlardan elde edilen sonu­lar karĸēlaĸtērēldēĵēnda, HRM analizi ile PCR ve agaroz 

jel elektroforezi ile belirlenen SOD1 geni 50 bp Ins/Del genotiplerinin birebir aynē olduĵu 

gºr¿lm¿ĸt¿r. 

 

¢izelge 2. SOD1 geni 50 bp ins/del genotip sonu­larē 

 

Genotip Birey Sayēsē  

Ins/Ins 31 (14 sigara baĵēmlēsē, 17 sigara i­meyen) 

Ins/Del 14 (6 sigara baĵēmlēsē, 8 sigara i­meyen) 

Del/Del 8 (6 sigara baĵēmlēsē, 2 sigara i­meyen) 

Toplam 53 (26 sigara baĵēmlēsē, 27 sigara i­meyen) 

 

Gºrsel 1. SOD1geni 50 bp Ins/Del PCR ve agaroz jel elektroforezi 

 

 
1: Belirte­ (50 b­), 5,7,9: Ins/Ins (297 b­), 3: Del/Del (247 b­), 2,4,6,8: Ins/Del (297, 247 b­). 
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Gºrsel 2. SOD geni 50 bp Ins/Del HRM analizi 

 

 

HRM analizinin duyarlēlēĵēnē deĵerlendirmek amacēyla hazērlanan %50, %10 ve %1 oranlarēndaki DNA 

dil¿syonlarē analiz edildiĵinde, %1 oranēnda DNA i­eren ºrnekte dahi genotip ayrēmēnēn yapēlabildiĵi 

saptandē. Bu bulgu, HRM analiz protokol¿n¿n d¿ĸ¿k DNA konsantrasyonlarēnda daki g¿venilir ĸekilde 

genotiplendirme yapēlmasēna olanak saĵladēĵēnē gºstermektedir.  

 

 

Gºrsel 3. SOD1 geni 50 bp ins/del HRM analizi duyarlēlēĵē 
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4. Y¥NTEMLERĶN KARķILAķTIRILMASI 

HRM analizi ile PCR ve agaroz jel elektroforezi yºntemleri, cihaz ve test baĸēna d¿ĸen maliyet 

a­ēsēndan farklēlēklar gºsterir. HRM analizi i­in gerekli olan HRM uyumlu real-time PCR 

cihazlarēnēn maliyetleri olduk­a y¿ksektir. Buna karĸēlēk, klasik PCR yºntemi i­in kullanēlan 

termal dºng¿ cihazē daha d¿ĸ¿k maliyetlidir, ancak ek olarak jel elektroforez sistemine (g¿­ 

kaynaĵē, elektroforez tankē, jel kalēplarē) ve gºr¿nt¿leme sistemine (UV gºr¿nt¿leme sistemi) 

ihtiya­ duyulmaktadēr. Yine de toplam ekipman maliyeti HRM cihazlarēna kēyasla d¿ĸ¿kt¿r. 

Test baĸēna d¿ĸen reaktif maliyetleri a­ēsēndan ise klasik PCR ve jel yºnteminin daha ekonomik 

olduĵu gºr¿lmektedir. Buradan yola ­ēkarak b¿t­esi kēsētlē ve kēsa vadeli ­alēĸacak olan 

laboratuvarlar i­in PCR ve agaroz jel elektroforezi daha uygun gºr¿nmektedir. HRM uyumlu 

real-time PCR cihazēna sahip laboratuvarlar a­ēsēndan bakēldēĵēnda ise HRM analizi, hēz, 

hassasiyet, analiz kolaylēĵē yºn¿nden ºnemli avantajlara sahiptir. 

 

 

¢izelge 3. Yaklaĸēk maliyet karĸēlaĸtērēlmasē  

 

Kalem HRM Analizi  PCR ve Agaroz Jel Elektroforezi 

Cihaz 

Maliyeti  

Real-time PCR cihazē: 50.000 ï 

150.000 USD 

PCR cihazē: 5.000 ï 15.000 USD  

Jel elektroforez ekipmanē: 1.000 ï 3.000 USD  

Gºr¿nt¿leme sistemi: 2.000 ï 5.000 USD 

Reaktif 

Maliyeti  

HRM Master Mix: ~3-5 USD/test  

Primerler: ~0.5 USD/test 

PCR Master Mix: ~1-2 USD/test  

Primerler: ~0.5 USD/test  

Agaroz + Boya: ~0.5 USD/test 

 

¢izelge 4. Avantaj ve dezavantajlar 

 

 

Kriter  
HRM Analizi  PCR ve Agaroz Jel Elektroforezi 

Hassasiyet 
Y¿ksek, k¿­¿k genetik 

varyasyonlarē ayērt edebilir 

Daha az hassas, ºzellikle k¿­¿k ins/del gibi 

varyantlarda ayrēm zor olabilir 

Zaman Hēzlē sonu­ Daha uzun protokol 

Kullanēm 

Kolaylēĵē 
Az manuel iĸlem Daha fazla manuel iĸlem 

 

5. SONU¢ VE DEĴERLENDĶRME 

Bu ­alēĸmada SOD1 geni 50 bp Ins/Del (rs36232792) varyant analizi i­in HRM ile PCR ve 

agaroz jel elektroforez yºntemleri karĸēlaĸtērēlmalē olarak deĵerlendirilmiĸtir. Bulgular, her iki 

yºntemle elde edilen genotipleme sonu­larēnēn tam uyumlu olduĵunu gºstermiĸtir. HRM, 

d¿ĸ¿k DNA konsantrasyonlarēnda sonu­ verebilen duyarlēlēĵē y¿ksek, daha hēzlē ve daha az iĸ 

g¿c¿ gerektiren bir yºntemdir. PCR ve agaroz jel elektroforez yºntemi ise maliyet a­ēsēndan 

avantajlē olmakla birlikte daha fazla iĸ g¿c¿ ve zaman gerektirir. Sonu­ olarak, laboratuvarēn 
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mevcut altyapēsē ve ­alēĸmanēn kapsamēna gºre her iki yºntem de ge­erli ve g¿venilir 

se­enekler olarak deĵerlendirilebilir. 
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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 compare the quantitative and 

qualitative indicators of cotton varieties introduced from other countries cultivated in cotton 

farms of Azerbaijan and find out which ones are preferred and apply them to farms. This study 

aimed to conduct a comparative analysis of yield and 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 Technical Plants Scientific Research Institute, Samukh district. Six cotton 

varieties were studied. These were Ganja-110 (local), BA-440 (T¿rkiye), Selekt (Greece), 

Akala Beret (Israel), S-6524 (Uzbekistan), and Tashauz-68 (Turkmenistan). Indicators such as 

yield, fiber output, boll mass, and fiber length were analyzed. The local Ganja-110 variety 

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

g), and fiber length (up to 35.2 mm). Among the introduced varieties, BA-440 and Selekt 

demonstrated the highest fiber yield (up to 41%). The Ganja-110 varietyôs high adaptability and 

economically value traits highlight its potential for widespread application in Azerbaijanôs 

cotton production. 

Keywords: varietal adaptability, 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 have used its fiber. Scientific research has determined 

that the economic importance of cotton was known to humans as early as 1,000ï2,000 years 

BC. Under the influence of external environmental factors over a long period, and later through 

artificial selection, the 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 began selecting and 

cultivating favorable forms. It is known that the main product of cotton is its fiber. Cotton fiber 
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is a primary and irreplaceable raw material for the textile industry. Additionally, today hundreds 

of different valuable products are obtained from cotton, which are widely used, demonstrating 

that cotton growing is a major sector of the national economy in agriculture. Therefore, in the 

leading cotton-producing countries of the world, the development of this sector receives as 

much attention as grain and fuel production. For these countries, cotton growing is valued not 

only for its economic potential but also as a strategic position and power (Seyidaliyev, 2019). 

Despite the increasing use of synthetic fibers in the textile industry, which is observed as a 

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 ever-growing demand for cotton fiber, the expansion 

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

In this regard, Azerbaijanôs economic-geographical location and soil-climatic conditions, as 

one of the worldôs cotton-producing countries, are suitable 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, including Azerbaijan, 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 of high-potential varieties resistant 

to stresses caused by adverse 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 required. 

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 area (Kochetov et al., 2012). 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 economic 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 negative traits. Hence, 

varieties must possess not only high yield potential but also the ability to quickly adapt to 

various soil and climatic conditions (Cabbarov and Valiyeva, 2006; Dadoboyeva, 2014). For 

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

Only such varieties can be spread to regions with different soil-climatic conditions and ensure 

high yields. The ecological plasticity of varieties, or their ability to adapt to various soil-climatic 

conditions, is an inherited 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 efficiency, 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 of high-yielding, stress-

resistant varieties adapted to specific 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 different origins, to evaluate the fiber yield 

and fiber length of the studied varieties, to identify the variety with the highest adaptability and 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΡΥ 
 

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 manually in a 60Ĭ20 cm planting scheme with four 

replicates. Observations included phenological development, raw cotton sampling, fiber yield, 

and boll mass evaluation. The research work was carried out in 2022-2024 in the experimental 

field of Plant Protection and Technical Plants Scientific-Research Institute in Samukh district. 

Analyzes were performed at the Department  of General Agriculture,  Genetics and Plant 

Breeding of Azerbaijan State Agricultural University. 

 

Figure 1. Samukh distircit in Azerbaijan 

 

Local Ganja-110 cotton variety, BA-440 (T¿rkiye), Selekt (Greece), Akala beret (Israel), S-

6524 (Uzbekistan), Tashauz-68 (Turkmenistan) cotton varieties introduced from cotton-

growing countries were used as research material. According to the systematics of Mauer 

(1954), the above-mentioned cotton varieties belong to the Gossypi-um genus, Eugossypium 

subgenus, G. hirsutum L. species and have 52 chromosomes in their somatic cells. 

During the vegetation period, field inspections were conducted 3-4 times at different 

development stages of plants. Phenological observation was recorded as the mass ripening date 

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 positions 1-2 of normally developed sympodial branches 2-5. 100 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 branches, etc.) (Jost and Cothren, 

2000; Bednarz et al., 2005). Ganja-110 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 of the 2022 research year, the yield of Ganja-110 cotton variety was 

43.0 c/ha (c = centner, 1 c =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 varieties was 

low: BA-440 variety (30.5 c/ha), Selekt variety (32.2 c/ha), Akala Beret variety (28.0 c/ha) and 

Tashauz-68 variety (31.0 c/ha). Among the geographically distant cotton varieties, the S-6524 

variety has the highest yield of 35.5 c/ha, while the Akala Beret variety is the least productive 

variety with 28.0 c/ha. Ganja-110 cotton variety exceeded geographically distant cotton 

varieties by 7.5-15.5 c/ha (Table 1). 

Fiber yield of cotton varieties is one of the main economic value traits. In the textile industry, 

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 high-quality fabrics. Due to the 

low fiber yield in a number of promising cotton varieties, they 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 with high 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; Kºken and Ilker, 2020). 

 

Table 1. Productivity indicators of different cotton varieties 

 

(*) c= centner, 1 c = 100 kg 

 

By 2022, the fiber yield of cotton varieties was 36.0-40.0%. Selekt and BA-440 cotton varieties 

had high fiber yield (39.5-40.0%). The fiber yield of local Ganja-110 cotton variety was 38.5%. 

On the contrary, 36.0% in introduced Akala Beret, S-6524 and Tashauz-68 cotton varieties; 

Fiber yields were low, being 36.0% and 37.0%. In 2023, the fiber yield of Ganja-110 cotton 

variety was 38.0%, BA-440 variety 39.0%, Selekt variety 40.0%, Akala Beret variety 35.8%, 

S-6524 variety 36.0%, and Tashauz-68 variety 36.5%. Based on two years of research, BA-440 

and Selekt, which are almost geographically distant cotton varieties, have higher fiber yield. In 

the 2024 research year, a similar situation was observed as a result of two years in terms of fiber 

Cotton  

varieties 

Yield 

(c/ha) (*) 

Fiber yield 

(%) 

The mass of raw 

cotton from one 

box (gr) 

Fiber length 

(mm) 

2022 2023 2024 2022 2023 2024 2022 
202

3 
2024 2022 2023 2024 

Ganja-110 43.0 41.5 47.0 38.5 38.0 38.2 6.3 6.1 6.4 35.0 34.8 35.2 

BA-440 305 32.0 36.5 40.0 39.0 41.0 5.4 5.2 5.5 32.5 33.0 33.3 

Select 32.2 34.5 37.0 39.5 40.0 40.0 5.1 5.3 5.3 33.0 33.5 33.8 

Akala Beret 28.0 31.0 34.0 36.0 35.8 36.0 5.5 5.7 5.8 32.0 32.5 32.7 

S-6524 35.5 36.0 37.0 36.0 36.0 37.0 6.1 6.0 6.0 34.2 33.8 34.0 

Tashauz-68 31.0 33.5 35.0 37.0 36.5 36.0 6.0 6.0 6.1 34.0 34.2 34.5 
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yield in the varieties 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 productivity. Although the indicator of this sign is variable, it is more stable 

compared to the yield.  BA-440, Selekt and Akala Beret cotton varieties introduced to our 

country have branching bushes belonging to the III or transition type and are considered late 

maturing varieties due to the vegetation period. Although their plants are multi-cone, 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 compared to local cotton 

varieties (Gºren and Tan, 2024; Zeynalova et al., 2024). So, although the mass of raw cotton 

obtained from one cone in Ganja-110 cotton variety is 6.3 g, in BA-440 variety, it is 5.4 g, in 

Selekt variety, it is 5.1 g, and in Akala Beret variety, it has a smaller mass, which is 5.5 g. The 

mass of raw cotton obtained from one cocoon was 6.1 g in the S-6524 variety imported from 

Uzbekistan, and 6.0 g in the Tashauz-68 variety from Turkmenistan. 

From the research conducted in 2022-2024, it can be concluded that the local Ganja-110 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 three-year figures of the studied 

geographically distant cotton varieties. The reason why the Ganja-110 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 country's soil and 

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 

quality. The length of the cotton fiber can 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 

characteristics. The 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 fiber length was studied in the samples taken from the cultivated 

plants, and the influence of geographically distant cotton varieties on the soil-climate 

conditions, cultivation agrotechnics, and the fiber length, which is a hereditary characteristic of 

cotton, was determined. 

According to the conducted study, it can be said that the fiber length index of the S-6524 and 

Tashauz-68 cotton varieties introduced from the Central Asian republics was close to the local 

Ganja-100 cotton variety. The fact that the mentioned varieties have II 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 

Ganja-110 cotton variety. 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 32.7-35.2 mm. 

Ganja-110 cotton variety had a longer 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 in BA-440 

variety, 33.8 mm in Selekt variety, 34.0 mm in S-6524 variety, and 34.2 mm in Tashauz-68 

cotton variety. S-6524 imported from Uzbekistan and Tashauz-68 imported from Turkmenistan 

were closer to the Ganja-110 cotton variety according to the economic value of the fiber length. 
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According to a three-year study, it was determined that the local Ganja-110 cotton variety 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 the results are shown in Table 2. 

 

 

Table 2. Fiber yield of cotton varieties (%) 

Cotton varieties 2022 2023 2024 

Ganja-110 16.5 Ñ0.70 15.8 Ñ0.84 17.9 Ñ0.91 

BA-440 12.2 Ñ0.72 12.5 Ñ0.67 15.0 Ñ0.75 

Select 12.7 Ñ0.85 13.8 Ñ0.76 14.8 Ñ0.51 

Akala Beret 10.1 Ñ0.81 11.1 Ñ0.77 12.2 Ñ0.82 

S-6524 12.8 Ñ0.81 13.0 Ñ0.95 13.7 Ñ0.67 

Tashauz-68 11.5 Ñ0.72 12.2 Ñ0.65 12.6 Ñ0.69 

 

In all cotton-growing regions of the world, the cotton plant is cultivated for its fiber yield. 

Cotton fiber is considered the main raw material 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 fiber yield of the variety, that is, as the fiber yield is high, the fiber yield also increases 

(Aslan et al., 2022). 

The local Ganja-110 cotton variety surpassed the studied other cotton varieties in terms of fiber 

yield. In the research year of 2022, the high 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 BA-440 variety, 12.7 c/ha in Selekt variety, 12.8 c/ha in Akala Beret variety, 12.8 c/ha 

in S-6524 variety, and 11.5 c/ha in Tashauz-68 variety. Thus, high fiber yield was observed in 

Ganja-110 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 other cotton varieties varied between 

11.1-15.8 c/ha. In the local Ganja-100 cotton variety, the fiber yield was 15.8 c/ha. The yield 

of imported cotton varieties was as follows: 12.5 c/ha in BA-440 variety, 13.8 c/ha in Selekt 

variety, 11.1 c/ha in Akala Beret variety, 13.0 c/ha in S-6524 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 12.2-17.9 c/ha. Fiber yield is determined depending on the biological 

characteristics of cotton varieties and fiber yield. Ganja-110 made it possible to better adapt to 

soil and climate conditions and have a high fiber yield (17.9 c/ha). BA-440 (41.0%) introduced 

from T¿rkiye and Selekt varieties imported from Greece (40.0%) had high fiber yields, which 

led to high fiber yields (15.0 and 14.8 c/ha, respectively).  

It should be noted that because the Ganja-110 cotton variety is better adapted to the soil and 

climate conditions of the country, the agricultural value characteristics of the variety were 

higher than the characteristics of geographically distant cotton varieties (Table 2). 

4. CONCLUSION  
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The Ganja-110 variety demonstrated the highest yield compared to introduced varieties. It 

recorded up to 47 c/ha, outperforming other varieties by 7.5ï15.5 c/ha. Fiber yield for Ganja-

110 reached 38.5ï38.2%, and the fiber length was the highest at 35.2 mm. Among the 

introduced varieties, BA-440 and Selekt showed the highest fiber output. The Ganja-110 variety 

demonstrated consistent performance 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 local variety. The BA-440 and Selekt varieties can be cultivated in regions with longer 

vegetation periods, whereas Ganja-110 is recommended for broad-scale application across 

Azerbaijan due to its stability and superior characteristics. This study provides essential insights 

for varietal selection and breeding programs aiming at creating high-yield, stress-tolerant cotton 

varieties adapted to Azerbaijanôs specific agroecological conditions. The local Ganja-110 

variety outperformed the introduced cotton varieties in yield, fiber yield, boll mass, and fiber 

length. BA-440 and Selekt varieties exhibit good fiber potential but require specific agronomic 

conditions. Ganja-110 is recommended for widespread cultivation in Azerbaijan. Further 

research on the adaptation of imported varieties to local conditions is needed. 
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ABSTRACT 

With the industrial revolution, which began in the mid-18th 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 numerous ecological 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 production-consumption 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 

stands 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 leads to resource 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, optimize 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 practices in the agricultural sector and 

assess their environmental, economic, and social impacts from the perspective of T¿rkiye. To this end, 

the concept of the circular economy is defined, the current status of circular economy practices in the 

agricultural sector in various countries is analyzed, and their contributions to sustainable development 

are explored. The study establishes a framework through literature review and analysis of sample 

applications. In this study, studies conducted on the subject in T¿rkiye and other countries was used. 

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 depletion of the worldôs 

resources, the increasing amount of waste generated each day has led to the transgression of the planetôs 

ecological boundaries in many respects. At this point, it has become evident that the current economic 

system is inadequate in meeting societal needs and in providing solutions to environmental problems. 

Therefore, the ñcircular economyò model, which aims to minimize waste generation and resource use, 

has gained significant importance over the past decade (Aydemir, 2025). Circular economy approaches 

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 Commission, 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 the mid-18th century Industrial 

Revolution, industrial activities have increased productivity 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 the depletion of reserves 

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, including the 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 production of goods but 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 achieving sustainable development 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 model. 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 also exacerbating environmental 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 objectives 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 approach has strong potential for increasing resource 

efficiency, reducing production costs, and minimizing environmental impacts in agricultural enterprises. 

Although T¿rkiye possesses rich agricultural diversity and a high production capacity, circular economy 

practices are still at the stage of becoming widespread. 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 not only to 

the countryôs environmental goals but also directly to its rural development strategies. 

2. PURPOSE AND METHODS 

The purpose of this study is to examine circular economy practices in the agricultural sector and to 

evaluate their environmental, economic, and social impacts from T¿rkiye perspective. Accordingly, the 

concept of the circular economy is defined, current practices in various countriesô agricultural sectors 

are analyzed, and their contributions to sustainable development are discussed. The study proposes a 

framework through a literature review and the examination of exemplary applications. In this context, 

study conducted both in T¿rkiye and in other countries has been utilized. 

3. RESULTS AND DISCUSSION 

3.1 Definition and Scope of the Circular Economy 

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 processes - from sourcing to production, from production to distribution, and 

from distribution to consumption - and by circulating system outputs within loops as new resource inputs 

in the same or different system processes, thereby preventing components from becoming waste 

(Esposito et al., 2018; Murray et al., 2017; Cavallo and Cencioni, 2017; WoŦniak and Pactwa, 2018; 
¥zsoy, 2018). 

The primary objective of neoclassical economics, which adopts the linear (non-circular) economy, is to 

make economic development continuous. While neoclassical 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 
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material and 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 this constrains economic expenditures, it creates 

resource-related 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 circular economy 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 end-of-consumption or production-related waste and ensuring resource efficiency (for 

example, one firmôs waste being used as another firmôs raw material). While the circular economy model 

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 economic actors (ķanlē, 2025). For instance, the support of environmentally 

friendly products, the promotion of waste management practices, and the internalization of 

environmental damages through taxes based on the ñpolluter paysò principle constitute the main 

contours of a tax structure aligned 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 British economists David 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 systematic critiques of the unsustainability of the linear economy model. Whereas the linear 

system is dominated by the ñtakeïmakeïdisposeò approach, in the circular system production, 

consumption, and waste processes are restructured so that resources are circulated within the system. 

Over time, this approach came to be characterized by the principles of ñreduceïreuseïrecycleò (3R) and 

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

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

but also by conceptual contributions from industrial ecology, biomimicry, nature-based solutions, 

natural capitalism, and the blue economy (Murray et al., 2017; Geissdoerfer et al., 2017). In particular, 

Walter Stahelôs 1976 proposition of ñproduct-life extensionò is considered one of the industrial 

foundations of the circular economy (Stahel, 2010). Likewise, Gunter Pauliôs ñBlue Economyò promotes 

adapting natureôs closed-loop systems to economic structures. In the early 2000s, with the contributions 

of the Ellen MacArthur Foundation, the concept gained global recognition. The Foundation defines the 

circular economy as ña model in which waste and pollution are designed out of production and 

consumption systems, products and materials are kept in use, and nature-based systems are regeneratedò 

(Ellen MacArthur Foundation, 2013). The circular economy is considered not only environmentally 

oriented but also a model that enhances economic resilience. In this context, the European Commission 

(2020) defines circular economy as a strategic tool that increases both resource security and economic 

competitiveness. Moreover, in the post-COVID-19 period, in the face of the fragility of global value 

chains, circular economy has gained 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 production, consumption, and 

value creation. The conceptôs multidisciplinary nature and the opportunities it offers for both developed 

and developing countries have made it one of the fundamental development strategies of the 21st 

century. 

3.3 Relationship Between the Circular 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 and the associated increase in human welfare. Preston emphasizes that the 

cradle-to-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 creating products that 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 already in use at all stages of a productôs life cycle 

from resource use to supply chain, to consumption, 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 within the concept of a circular closed-loop 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 recycled to create a closed-

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 more efficiently 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 which waste is 

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 production - as well as disposal - 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 principles. Instead 

of the ñtake-make-disposeò logic of the linear economy, this model proposes systematic strategies such 

as ñkeep in circulation, reuse, and retain valueò (Geissdoerfer et al., 2017; Murray et al., 2017). 

According to the Ellen MacArthur Foundation (2019), the circular economy rests on three main 

principles: 

¶ Preserve and enhance natural capital: Minimize the use of non-renewable resources while 

ensuring the balanced and efficient circulation of renewable resources within the system; 

¶ Keep products, parts, and materials in use: Maintain resources within the economic loop for as 

long as possible to enhance value creation; 

¶ Optimize system design: Prevent 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 system-level redesign (Korhonen et al., 2018). The success of circularity requires a systematic 

transformation beginning at the design stage of products and encompassing the entire continuum of 

production, distribution, consumption, and ultimately end-of-life processes. 

From 3R to 10R: Strategic Implementation Steps of the Circular Economy: To increase the 

applicability of the circular economy, the 3R strategies (Reduce - Reuse - 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 (Potting et al., 2017). 

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 as follows (Ay T¿rkmen and Kēlē­, 2020; Hunger et al., 

2024; Aydemir, 2025): 

Refuse (R0): 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 again directly without repair. 

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

Refurbish (R5): Restore old or second-hand products to a usable condition. 

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

Repurpose (R7): Use a productôs components for a different purpose. 
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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 design stage with ñenvironmental 

impactò and ñclosable loopsò in mind. In this context, concepts such as ñecodesign,ò ñmodularity,ò and 

ñrepairabilityò have become integral parts of the circular economy (Bocken et al., 2016). 

Policy Background and Global Implementation Trends: The circular economy model gained a more 

institutional and binding character with the European Unionôs 2020 New Circular Economy Action Plan. 

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, and urban transformation (Su et al., 

2013). In countries like the United States and the United Kingdom, the circular economy is spreading 

within the frameworks of private-sector entrepreneurship, eco-innovation, and green finance. 

In the T¿rkiye context, the circular economy approach has become more 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 compliance with foreign trade and 

sustainable development goals (ķanlē, 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 entire world. 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: 

Å Attaining opportunities for economic growth; 

Å Reducing cost items and increasing operational efficiency for businesses; 

Å Increasing business profitability; 

Å Contributing to the emergence of innovative business models; 

Å Providing competitive advantages for firms transitioning to circular economy compared to those 

remaining in linear models; 

Å Enabling the utilization of by-products or parts in addition to the primary products of enterprises; 

Å Ensuring the healthy transfer of resources to the future without eliminating future generationsô access 

to them; 

Å Reducing environmental pollution and minimizing carbon dioxide emissions through successful 

implementation by countries; 

Å Preventing the emergence of various diseases by transitioning to the circular economy model; 

Å Ensuring the correct and long-term use of renewable energy resources; 

Å Enabling the long-term and sound use of water resources; 

Å Encouraging enterprises to operate holistically and establish circular inter-firm linkages; 

Å Promoting the use of waste by enterprises, thereby encouraging the emergence of new sectors and 

increasing employment levels; 

Å Raising societal welfare levels. 

3.6 Circular Economy Practices in the Agricultural Sector 

Today, the rapid depletion of natural resources, climate 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 especially in the 

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

impacts. In agriculture, instead of the ñproduce-consume-discardò chain, the circular economy is based 

on the ñproduce-consume-valorize-reproduceò loop. Plant and 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 value-added products are obtained from agricultural by-

products.  

In T¿rkiye in recent years, projects aligned with this direction offer noteworthy examples. 

Municipalities, agricultural cooperatives, private-sector 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 the fruit-juice industry 

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

model adopted in T¿rkiye creates substantial economic, social, and ecological vulnerabilities (Kavaz, 

2021). Beyond the finiteness of natural resources, these vulnerabilities are evident especially in countries 

where consumption outweighs production. Considering T¿rkiyeôs external dependence in many sectors 

such as energy and food, adopting the circular economy model across all sectoral levels has become a 

necessity today (Sarēca, 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 overlaps with circular economy principles such as efficient use of resources, waste 

reduction, and the protection of ecosystem services (Ellen MacArthur Foundation, 2019; FAO, 2021). 

Achieving circularity in agricultural production is critically important for maintaining 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 in agricultural 

production. For example, compost produced from organic waste reduces dependence on synthetic 

fertilizers while improving long-term soil fertility. The ñCircular Agricultureò strategy implemented in 

the Netherlands has achieved significant success in areas such as using food waste as feed, on-farm 

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, 

circular agricultural practices under the ñEco-Agricultureò policy are supported by innovative water 

management techniques aimed at reducing methane emissions from rice production (Su et al., 2013; Liu 

et al., 2017). 

In T¿rkiye, the first steps toward circular agriculture have also been taken. Especially in provinces such 

as Izmir, Aydēn, and Eskiĸehir, municipality-supported compost facilities are being established; some 

agricultural cooperatives are investing in biogas. However, for these practices to become widespread, 

institutional support mechanisms and incentive systems need to be strengthened (Balbay et al., 2021; 

ķanlē, 2025). 

The transition to circular agriculture requires not only technical but also institutional and managerial 

transformation. In this context, the European Green Deal (EGD) aims to reduce the use of chemical 

pesticides in agriculture by 50% by 2030 and to move toward carbon-neutral production. FAOôs Circular 

Bioeconomy Strategy recommends managing biological systems such as agriculture, forestry, and 

fisheries within a framework of circularity (FAO, 2021). T¿rkiyeôs National Food Systems Roadmap 

(2022) outlines the direction of this transformation with headings such as reducing food waste, 

developing circular supply chains, and promoting biological 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 must be evaluated together. 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 enterprises. Composting organic waste resulting from agricultural activities and returning it 
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to agriculture both reduces waste volume and lowers the use of chemical fertilizers (¥zsoy, 2018). 

Composting also strengthens soil microbial structure and contributes to carbon 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, animal manure 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 Reuse 

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 the conservation 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 footprint and achieving energy independence. In T¿rkiye, 

agricultural by-products such as olive pomace, hazelnut shells, 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 

circular energy applications (ķanlē, 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 transformation of residues into valuable 

by-products. Policies such as the EUôs ñsecond life for foodò can also serve as examples for T¿rkiye 

(Murray et al., 2017). 

3.6.3 Examples of Circular Economy Applications in the World and in T¿rkiye 

The circular economy is increasingly adopted globally and implemented by countries through various 

practices across sectors. Countries such as China, the Netherlands, Denmark, and Sweden - especially 

EU member states - have developed pioneering policies and practices. The agricultural sector has 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 

implemented the ñNew Circular Economy Action Planò in 2020. This plan targets sectors such as the 

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 Action Plan 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 activities, and biomass), 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 for packaging 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 

introduced in 2020 to sustain progress. The 2020 plan, ñA new Circular Economy Action Plan for a 

cleaner and more competitive Europe,ò is explained as follows: This Circular Economy Action Plan 

provides a forward-looking agenda to achieve a cleaner and more competitive Europe 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 the European 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 cannot 

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 Europe a climate-neutral 

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 raising the EUôs welfare level. To achieve these goals, a set of policies has been introduced 

covering many sectors from construction to agriculture and energy. Key areas include protecting 

biodiversity, eliminating pollution, renovating buildings, transitioning to a circular economy, creating 

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 this, the share 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 integrated, 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 circular economy target by 2050. Under the ñClosing the Loopò strategy, the 

country has developed bio-based systems that convert agricultural waste into energy and organic 

fertilizers. The use of food residues as animal feed has been popularized, and industrial symbiosis 

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 

the worldôs best-known industrial symbiosis practices. Agricultural enterprises there benefit 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, 2007). 

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

through the ñEco-Agriculture Parksò project. In these systems, livestock, crop production, and 

aquaculture are integrated, and wastes are continuously recovered; 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 of the leading countries in 

biogas production. Animal waste from the agricultural sector, by-products from the food industry, and 

municipal organic waste are processed in biogas plants, and the residues are used as fertilizers in 

agriculture. This closed-loop model developed by Sweden serves as an example for rural development 

and energy independence (Bºrjesson and Berglund, 2006). 

The concept of the circular economy has long been integrated into the agricultural sectors of many 

developed countries, particularly within the European Union. However, this approach is not limited to 

developed countries alone. In T¿rkiye, numerous successful applications based on circular economy 

principles environmentally friendly and centered on resource efficiency have been implemented. 

Practices such as converting food waste into feed or fertilizer, generating energy from animal waste, 

reusing treated water for irrigation, and valorizing olive and fruit-processing waste are carried out by a 

variety of institutions, cooperatives, municipalities, and agricultural enterprises across different regions 

of T¿rkiye. These practices not only reduce environmental impacts but also provide economic benefits 

to farmers, support energy production, and contribute to local development. The examples below present 
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concrete initiatives illustrating how circular economy principles are put into practice in Turkish 

agricultural enterprises: 

1. Izmir Metropolitan Municipality - ñFrom Soil Back to Soilò Project 

2. Konya Plain Project (KOP) - Agricultural Irrigation with Treated Wastewater 

3. Aksaray Biogas Plant - Energy and Fertilizer Production from Animal Waste 

4. Conversion of Agricultural Residues into Biomass Energy in Karaman and Manisa 

5. Aegean Agricultural Research Institute - Circular Agriculture Applications (R&D) 

6. Field School Projects (examples from Izmir, Bursa, Eskiĸehir) 

7. Circular Projects of Agricultural Cooperatives (IzTarēm, TARIķ, etc.) 

8. Burdur Lake Basin Biogas Project 

9. Balēkesir - Use of Olive Pomace and ñPrinaò 

10. ¢orum - Animal Feed Production Using Agricultural Waste 

11. Antalya - Composting of Plant Waste from Greenhouses 

12. GAP Region - Drip Irrigation and Graywater Use Projects 

13. TARIķ - Production of Value-Added Products from Waste (Cosmetics from Olive Pits) 

14. K¿tahya - Animal Feed and Compost Production Using Fruit-Juice Factory Residues 

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

Agriculture 

16. IzTarēm - Animal Feed Production from Food Waste (Izmir) 

17. Mersin - Biogas and Fertilizer Production from Citrus-Processing 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 agricultural 

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 agricultural enterprises 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 possible (European 

Commission, 2014; Esposito et al., 2018). Particularly in countries such as T¿rkiye, where agricultural 

production is high and environmental pressures are intensifying, this approach is not a choice but a 

necessity (¥zsoy, 2018). 

Studies conducted in T¿rkiye demonstrate that practices such as composting, biogas production, 

wastewater use, and biomass energy provide both environmental and economic benefits for agricultural 

enterprises (Frosch and Gallopoulos, 1989; Aydemir, 2025). Findings indicate that agricultural 

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 into the agricultural 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 to 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 ñZero Wasteò policy should be integrated into agricultural production, and 

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 take an active role, 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 

(¥zsoy, 2018). 

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 as a strategic priority for the future of T¿rkiyeôs agriculture. In this 

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 as a promising 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 ultimately, 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 in-depth review of the basic principles 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 holds enormous 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 1-100 nm (Barlow et al.,2009). This technology offers many 

advantages and uses, such as the ability to release active substances in a controlled way, 

being effective at lower amounts, having low toxicity to non-target 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 

(Rathnayake 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 nanoparticles enhance product output 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, copper, titanium dioxide, zinc oxide, copper oxide, iron oxide, 

selenium, silicon, and carbon-based nanoparticles are among the most commonly utilized 

varieties in this context, each contributing significantly to plant production through 

various processes. The diverse advantages of these nanoparticles, including stress 

management, antibacterial properties, enhanced antioxidant activity, and modulation of 

physiological processes, garner interest regarding agricultural sustainability. 

The production of nanoparticles is conducted by three primary methods: physical, 

chemical, and biological, which are founded on two fundamental approaches: "top-down" 

and "bottom-up" (de Oliveira et al., 2020). The top-down technique breaks down larger 

materials into nanoscale pieces, while the bottom-up 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 costs, the utilization of hazardous substances, and environmental hazards, 

biological methods, particularly green synthesis, emerge as an eco-friendly and cost-

effective alternative (Vetchinkina et al., 2018). The green synthesis approach generates 

particles in a non-toxic 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 metal ions into 

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

2. NANOPARTICLES AND AGRICULTURE  

Nano-derived compounds have substantial benefits in enhancing plant growth and 

productivity in agriculture. Their diminutive dimensions, user-friendliness, extended 

shelf life, and non-toxicity 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). Currently, around 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 40-50 nm facilitate successful penetration and transportation within plants 

(Sabo-Attwood 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 al., 2012), 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 transport mechanisms. 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 of 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 growing 

The application of nanoparticles in fruit cultivation has surged due to their cost-

effectiveness and outstanding efficacy. In horticulture, nanoparticles facilitate the 

regulated release of agrochemicals and enhance plant resilience (nanopesticide), serve as 

semi-essential 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, and heavy metal 

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 chemical 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 affect beneficial 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 sustained 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 

sustainable and cost-effective 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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organisms to pesticides (Roy et al. 2014). Citrus trifoliata essential oil (CTEO)-loaded 

nanocubosomes, which are self-assembled cubic liquid crystal nanoparticles, 

demonstrated efficacy against insects, including Spodoptera littoralis (Abdel-Kawy et al., 

2021). 

Nanomaterial-based 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 developed for effective 

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 agrochemical 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 18-20% (nitrogen), 30-35% (phosphorus), and 35-40% (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 problems and 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 advantages over 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. Holds significant potential, particularly for the more efficient 

utilization of nutrients like nitrogen, phosphate, and potassium. Nanofertilizers are 

possibilities for sustainable agriculture and ecologically friendly solutions (El-Saadony 

et al., 2022). The distinctive 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. Nanobiosensors 

Nano biosensors expedite speedy and accurate detection while facilitating real-time signal 

monitoring using portable devices. Furthermore, they are employed to identify analytes 

that could potentially endanger flora and fauna (Otles and Yalcin, 2010). 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 agriculture, nanobiosensors 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. Nanoparticles 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 in reduced 

volumes. Low-dose 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 mitigating 

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 the likelihood 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 

vesca 

FeO 

ZnO 

Significant increase in fruit number and 

yield. 

(Kumar  et al., 

2017) 

Mangifera 

indica  Nano B 

Increase in fruit number, fruit weight, 

total yield, fruit content, total sugar, and 

ascorbic acid content. 

(Abdelaziz et al., 

2019) 

Fragaria 

vesca 
ZnO 

Increase in vegetative growth 

characteristics and earliest flowering. 
(Saini et al., 2021) 

Malus 

domestica 
Se 

Increase in fruit yield, sugar, and 

ascorbic acid content. 

(Monta¶o-Herrera 

et al., 2022) 

Pyrus 

communis 

Cu 

Fe 

Increase in total phenol, flavonoid, and 

ascorbic acid content of fruits. 

(Hern§ndez-

Fuentes et al, 2023) 

3.2. Role of nanoparticles in enhancing abiotic stress tolerance 

Nanoparticles can augment crop yields in sustainable agriculture by improving plant 

resilience to abiotic stressors, thereby tackling present and future production issues 

(Kandhol et al., 2022; Al-Khayri et al., 2023). This can be accomplished by stimulating 

specific enzymes, enhancing chlorophyll concentration and photosynthetic efficiency, 

and managing plant diseases (El-Saadony et al., 2022). Numerous research studies have 

established the impact of nanoparticles in fruit cultivation and their role in enhancing 

tolerance to abiotic stress (Table 2). 
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Table 2. Nanoparticles used in fruit growing and their effects on increasing tolerance to 

abiotic stress 

Plant type Nanofertilizer  Abiotic Stress Effect Reference 

Fragaria 

vesca 
SiO2 

 

 

 

Salinity 

Chlorophyll can mitigate 

the detrimental effects of 

salinity stress on 

strawberry plants by 

helping maintain relative 

water content. 

Avestan et al., 

(2019) 

Fragaria 

vesca 
Se/ SiO2 

        

     Drought 

Improvement in 

chlorophyll contents and 

physiological parameters 

Zahedi et al., 

2020 

Musa 

paradisiaca 
Cs 

 

         Heat 

Chitosan-NP application 

in banana plants reduced 

the negative effects of 

chilling stress. 

Wang et al., 

2021 

Citrus 

sinensis 
SiO2 

 

 

 

Salinity 

Root growth and 

chlorophyll content were 

increased and osmotic 

effects were alleviated in 

all NaCl-treated 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 to 

stress. 

Tejada-

Alvarado et 

al., (2023) 

3.3. Role of nanoparticles in the synthesis of secondary metabolites 

Elicitors are substances that induce stress in plants, resulting in the synthesis and 

accumulation of secondary metabolites or the stimulation of novel secondary metabolite 

production (Juarez-Maldonado, 2019). Numerous researchers have shown that 

nanoparticle-induced oxidative stress can enhance the formation of important secondary 

metabolites in both in vivo and in vitro conditions (Table 3). 
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Table 3. Effects of some nanoparticles on secondary metabolite contents in fruit growing 

Plant 

type 
Nanoparticle 

Effective 

Concentration 

Application 

Method 
Effect Reference 

Corylus 

avellana 
Ag 5 and 10 ppm 

S
p

ra
y 

 

Increased total 

phenol content 

Jamshidi 

et al., 

2017 

Citrus 

reticulata 
CuO 30 ppm 

Increased total 

phenolic and 

flavonoid content, 

as well as increased 

antioxidant capacity 

Hussain et 

al., 2017 

Citrus 

reticulata 
Ag 30 ppm 

Increased total 

phenolics and 

flavonoids; 

increased 

antioxidant capacity 

Hussain et 

al., 2018 

3.4. Storage period and postharvest quality of fruits 

Food preservation relies on the notion of prolonging shelf life by regulating 

physicochemical alterations and oxidation-reduction 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 and Abdou, 2013). Gelatin-based 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 gelatin-based films restrict their application as packaging 

materials in the food sector. Research indicates that the mechanical, barrier, and 

thermodynamic characteristics of gelatin composite films can be enhanced through the 

incorporation of nanoparticles such as Ag (Kumar et al., 2017), TiO  (Nassiri and 

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 nanoparticles in vitro 

Recent research 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 

hormone-like capabilities and antioxidant activities (Gohari et al., 2020). Mature embryos 

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 mature embryos facilitates their 

application with nanoparticles, particularly in in vitro culture (Yu et al., 2008). 

Table 4. In vitro application of nanoparticles in fruit growing 

Plant type Nanoparticle 
Effective 

Concentration 
Effect 

Referenc

e 

Phoenix 

dactylifera 
ZnO 150 ppm 

Prevention of microbial 

contamination and 

vitrification, increased 

carbohydrate, protein, 

and amino acid 

accumulation, 

Awad et 

al., 2017 

Fragaria vesca FE3O4 0,8 ppm 

Increased tolerance to 

drought stress 

Mozaferi 

et al., 

2018 

Fragaria vesca Ag 200 ppm 

Successful explant 

disinfection, reduced 

ethylene gas 

accumulation 

Tung et 

al., 2021 

Olea europaea ZnO 6-18 ppm 

Increased plant growth 

parameters, including 

chlorophyll a and b 

content and soluble 

protein 

Regni et 

al., 2022 

Passiflora edulis  Ag 5 ppm 
Increased in vitro 

flowering 

Phong et 

al., 2022 

Rubus ursinus x 

idaeus 
Ag 0,1 ppm  

Significantly reduced the 

negative effects of 

drought stress, increased 

plant growth parameters 

ķener et 

al., 2023 

Ananas comosus Ag 0,025 ppm 

Under aluminum metal 

stress, higher 

concentrations of 

photosynthetic pigments 

and carotenoids, 

improved shoot 

formation, improve 

chlorophyll a/b and 

total/carotenoid ratios, as 

well as improved proline 

biosynthesis in response 

to stress 

Tejada et 

al., 2023  
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4. FUTURE PERSPECTĶVE AND CONCLUSION 

Nanoparticles have emerged as a promising instrument to enhance fruit yield and quality. 

They provide numerous advantages, including enhanced nutrient absorption, 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 nanoparticle 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 fruit cultivation could transform the 

methods of growing and harvesting fruit, offering sustainable ways to satisfy the rising 

need for high-quality and nutritious food. The application of nanoparticles in fruit 

cultivation poses numerous obstacles that must be resolved 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 nanoparticles to fruits, owing to their heterogeneity in size, shape, and 

surface chemistry. The expense associated with large-scale nanoparticle production is a 

significant constraint on their extensive application in fruit agriculture. Notwithstanding 

these limitations, 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 

diminishing reliance 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. 

Nanoparticles 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 and presents 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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ABSTRACT 

The family Cactaceae represents a unique group of plants that have evolved exceptional 

morphological and physiological characteristics enabling survival under arid and semi-

arid environments. Their succulent stems act as water reservoirs, leaves are modified into 

spines to reduce transpiration, and their root systems are highly specialized for effective 

water uptake. These adaptive mechanisms make cacti exemplary models of drought 

tolerance. Beyond their ecological significance, cacti provide significant economic value 

through their applications, such as ornamental plants, food and fodder resources, 

medicinal materials, biofuel feedstock, and tools for ecological restoration. 

In recent years, cactus cultivation has expanded considerably, driven by increasing 

interest in ornamental horticulture and landscape design. Opuntia species are widely 

utilized as alternative food and fodder crops in drought-prone regions, while the 

Gymnocalycium and Astrophytum genera are prized in ornamental markets for their 

striking morphological forms. Gymnocalycium species are typically characterized by 

globular stems and symmetrical spination, yet many are presently under threat due to 

habitat degradation, urbanization, and climate change. Conservation approaches such as 

micropropagation, sustainable cultivation methods, and ex situ strategies are therefore of 

critical importance. Similarly, Astrophytum species, with their distinctive star-shaped 

stems and white trichomes, hold both scientific and commercial significance. Among 

them, Astrophytum asterias is one of the most popular ornamental species worldwide; 

however, it is endangered in its natural habitat, emphasizing the importance of 

conservation research. 

The adaptive features of Cactaceae not only expand our taxonomic and ecological 

understanding but also offer significant potential in addressing global problems such as 

climate change, water scarcity, and biodiversity loss. Focused research on genera such as 

Gymnocalycium and Astrophytum will support both sustainable utilization and long-term 

conservation of these unique desert plants. 

Keywords: Astrophytum, Cactaceae, Gymnocalycium, drought adaptation, ornamental 

plants,  
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1. INTRODUCTION 

1.1. History 

Cacti are natureôs verdant response to barren lands. Known as the thorned stars of the 

succulent world, these remarkable plants are masters of survival in regions deprived of 

water (Anderson, 2001). They store moisture within their thick, fleshy stems and 

transform their leaves into spines to minimize evaporation (Nobel, 2002). Native to 

Central and South America, cacti have also managed to thrive across the red soils of 

Africa and the vast plains of Australia (Figure 1.) They stand as living works of art, 

proving that life can persist even where drought reigns supreme (Anderson, 2001). Cacti 

are typically leafless and possess thick, fleshy stems that enable them to retain water. Each 

species, with its unique form, color, and growth habit, stands as a natural sculpture 

admired by botanists for generations not only for its resilience but also for its aesthetic 

appeal. Specialized cells within their stems facilitate water storage, allowing them to 

endure prolonged periods of drought. Furthermore, the presence of spines prevents water 

loss and protects the plants from local herbivores .Some species utilize the CAM 

(Crassulacean Acid Metabolism) photosynthetic mechanism, taking in carbon dioxide at 

night and performing photosynthesis during the day to minimize water loss  (Nobel, 

2002). The Cactaceae family comprises approximately 175 genera and more than 2,000 

species, displaying a wide range of sizes, shapes, and vividly colored flowers (Nee, 1987). 

 

F gure 1. Areas Where Cact  are Located 

1.2. Cactus Cultivation 

In recent years, the economic value of species belonging to the Cactaceae family as 

ornamental plants has increased significantly. Across the world particularly in countries 
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such as Japan, the Netherlands, South Korea, and Turkey the production, export, and trade 

of species cultivated for collection purposes have gained considerable momentum 

(Coqueiro et al., 2024). 

In Turkey, interest in this family has grown notably in hobby gardening and landscape 

design in recent years; subjects such as seedling production, micropropagation, and 

species adaptation have become major focuses of research (Lema-RumiŒska & Kulus, 

2014). Success in Cactaceae cultivation depends on a thorough understanding of the 

ecological requirements of the species (light, temperature, water, soil structure) and the 

adaptation of production methods to meet these needs. In seedling production, 

propagation techniques such as seed propagation, grafting, and vegetative propagation 

are widely employed (Lema-RumiŒska & Kulus, 2014). However, many species exhibit 

slow growth, low germination rates, and sensitivity during the early seedling stage, which 

creates certain limitations in cultivation. Moreover, the illegal trade of some endemic and 

rare species has placed their natural populations under threat (Lema-RumiŒska & Kulus, 

2014). Therefore, sustainable cultivation practices are essential not only for the 

commercial production of these species but also for ex situ (off-site) conservation 

strategies. Seed banks, botanical gardens, and micropropagation techniques play a critical 

role in enhancing production capacity while preserving genetic diversity(Lema-RumiŒska 

& Kulus, 2014). 

2. USAGE AREAS OF THE CACTACEAE FAMILY 

The Cactaceae family attracts attention not only for its aesthetic value but also for its 

versatile potential in food, medicine, energy, ecology, and industry. Especially in the 

context of global problems such as climate change and the reduction of water resources, 

the adaptive characteristics of this family are of great importance for developing 

sustainable solutions (Nobel, 2002). 

2.1. Use as Ornamental and Landscape Plants 

Species belonging to the Cactaceae family are widely used in landscape architecture due 

to their aesthetically appealing morphology and low maintenance requirements. They are 

commonly employed in arid and semi-arid landscape designs, desert gardens, and rock 

gardens. Moreover, they are becoming increasingly popular as indoor plants. This 

popularity has gained momentum since the 1990s, with the rising trend of miniature plants 

in Western Europe and Asia. Among the most preferred species for ornamental production 

are Mammillaria elongata, Astrophytum myriostigma, Gymnocalycium mihanovichii, and 

Rebutia species. In particular, the production of colorful chlorophyll-deficient mutants 

(such as red or yellow G. mihanovichii) through grafting has contributed new varieties to 

the commercial market (Anderson, 2001; Espinosa-Garc²a & Villase¶or, 2017). 

2.2. Use in Food and Agriculture 
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Species of the Opuntia genus within the Cactaceae family are an important source of food 

and forage for both humans and animals. Opuntia ficus-indica has been consumed for 

centuries as a staple food in Mexico and Central America. The fresh stem segments 

(nopalitos) and fruits (tuna) are rich in vitamin C, fiber, and antioxidants. Moreover, 

Opuntia species are used as an alternative feed source for cattle and sheep in arid regions. 

The stem segments, which have high water retention capacity, provide water and energy 

for animals during drought periods. A report published by FAO in 2001 encouraged the 

use of Opuntia as forage in regions suffering from water scarcity, such as Africa, India, 

and Latin America(Mondrag·n-Jacobo & P®rez-Gonz§lez, 2001; Stintzing & Carle, 

2005). 

2.3. Medicinal and Pharmaceutical Use 

The phytochemical contents of Cactaceae species allow them to be used for various 

purposes in traditional and modern medicine. Studies on Opuntia ficus-indica in 

particular have revealed that this species has hypoglycemic (blood sugar-lowering), 

hypolipidemic (blood lipid-lowering), and antioxidant effects.In addition, Echinopsis 

pachanoi (San Pedro cactus) and Lophophora williamsii (peyote) are used for 

psychoactive purposes in traditional shamanic practices due to their mescaline alkaloid 

content. Although some of these species are legally restricted, they are of ethnobotanical 

importance (Frati-Munari, Gordillo, Altamirano, & Ariza, 1988). 

2.4. Biofuel and Industrial Use 

Opuntia species, which have the ability to produce high biomass in arid environments, 

are promising for biofuel production. Although the stem of O. ficus-indica contains up to 

90% water, it can be used in biogas and biofuel production due to its cellulose and lignin 

content. Studies have reported that up to 65% yield of biogas can be obtained from 

Opuntia biomass. In addition, its extracts containing plant gels and mucopolysaccharides 

are utilized in industrial applications such as cosmetics and bioplastic production 

(Kr¿mpel, George, Gasston, Francis, & Lemmer, 2020; Pimienta-Barrios & del Castillo, 

2002).  

2.5. Erosion Control and Ecological Restoration 

The Cactaceae family, particularly Opuntia and Cylindropuntia species, is used in the 

restoration of degraded lands and the prevention of soil erosion. Thanks to their deep root 

systems, they stabilize the soil and improve soil health by supporting microbial activity 

in arid environments. Moreover, Cactaceae species play an important role in maintaining 

biodiversity. For instance, species such as Carnegiea gigantea (Saguaro) provide 

important habitats for birds and insects in desert ecosystems(Valiente-Banuet & Ezcurra, 

1991). 
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3. SOME COMMON CACTUS SPECIES 

Commonly cultivated and scientifically recognized cactus genera include Cereus 

(Column Cactus), Ferocactus (Barrel Cactus), Melocactus, Astrophytum (Star Cactus), 

Mammillaria (Hedgehog Cactus), Echinopsis (Ball Cactus), Euphorbia, Opuntia (Prickly 

Pear), and Gymnocalycium (commonly known as Naked Callum). These genera represent 

some of the most widespread and morphologically diverse members of the Cactaceae 

family, exhibiting significant variation in growth forms, adaptation strategies, and 

ecological distribution. 

3.1. Gymnocalycium Genus 

The genus Gymnocalycium, in the family Cactaceae, is known for its compact structure 

and aesthetically striking succulent species. Its natural distribution is confined to certain 

regions of South America, especially in ecological niches of Argentina, Uruguay, and 

parts of Brazil (Figure 2.) The species typically prefer permeable soils composed of sand, 

rock, or limestone, with low organic matter content. Each species has adapted to 

microhabitats specific to its geographic region and developed its own environmental 

tolerances (Anderson, 2001). 

 

Figure 2. Distribution Areas of the Genus Gymnocalycium 
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Gymnocalycium species are fundamentally suited to arid and semi-arid climatic 

conditions. Their natural habitats are often located in plateaus and mountainous zones 

with low precipitation regimes. These plants show high tolerance toward water scarcity 

thanks to their capacity to maintain moisture in their stem tissues for prolonged periods. 

With this trait, they are among the resilient plant groups capable of sustaining life even 

under extreme environmental conditions (Anderson, 2001; Nobel, 2002). 

Botanically considered, the genus Gymnocalycium was scientifically described in the 

mid 19th century. The genus name derives from the Greek words ñgymnosò (naked) and 

ñkalyxò (calyx), referring to the conspicuous nakedness at the base of the flower 

(Anderson, 2001). 

The genusô characteristic morphology is typically defined by a globular or mildly 

cylindrical stem structure, surrounded by distinct, symmetrical spine formations. Its 

visual diversity and climatic adaptation capabilities make this genus appealing for both 

scientific studies and ornamental plant cultivation. Although Gymnocalycium species 

have adapted to different ecological zones, they are most often found in semi arid, rocky, 

and gravelly soils with low organic matter content (Anderson, 2001; Demaio, Barfuss, 

Kiesling, Till, & Chiapella, 2011). 

In recent years, many species of this genus face shrinking habitats due to threats such as 

habitat destruction, agricultural activities, urbanization, and climate change. For example, 

Gymnocalycium ragonesei was listed as ñCritically Endangeredò (CR) by the IUCN in 

2013. Similarly, G. spegazzinii and G. anisitsii are among the species affected by habitat 

loss. From the perspective of reproductive biology, though most Gymnocalycium species 

are generally self-compatible, some species continue to depend on external pollinators. 

In this context, ecological, morphological, and genetic level studies on the 

Gymnocalycium genus will not only enrich taxonomic knowledge but also help in 

formulating strategies for the sustainable conservation of these species(Demaio et al., 

2011; Goettsch et al., 2015). 

3.2. Astrophytum Genus 

This genus consists of five different species: Astrophytum asterias, Astrophytum 

capricorne, Astrophytum caput-medusae, Astrophytum myriostigma, and Astrophytum 

ornatum (Hunt, Taylor, Charles, & International, 2006). These species display a wide 

color range, from green to brown, depending on environmental conditions. Astrophytum 

asterias bodies are greenish-brown and may appear speckled with white 

scales/trichomes(Terry, 2007). 

Belonging to the Cactaceae family, the genus Astrophytum is morphologically 

distinguished by its star-like stem structures and the presence of white trichomes or fine 

scales that coat the surface of many species (Matias-Palafox, Jim®nez-Sierra, Golubov, & 

Mandujano, 2017). 
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During humid or favorable moisture periods, Astrophytum individuals tend to retain a 

greener hue; however, during drought or prolonged dry spells, their bodies may adopt 

more brownish tones. The flowers are typically yellow (sometimes with red or orange 

bases), funnel-shaped, and borne at the stem apex (Montanucci & Kleszewski, 2020). 

In natural habitats, Astrophytum species are often found at relatively low elevations, 

among shrubs, grasses, or open scrublands. This ecological niche aligns with the hot, 

semi-arid to subtropical grassland climates in regions such as northern Mexico and 

southern Texas.(figure 3.)  

 

Figure 3. Distribution Areas of the Genus Astrophytum 

Among these, Astrophytum asterias (the ñstar cactusò) is one of the most sought after by 

growers and collectors worldwide. It is also one of the most endangered cacti in its native 

habitat. In the U.S., it is federally listed as endangered; it is also listed on CITES Appendix 

I, meaning international trade of wild-collected specimens is prohibited .Accurate 

ecological, morphological, and genetic studies on the genus Astrophytum are crucial not 

only to advance taxonomic and systematic knowledge but also to guide conservation 

strategies to maintain viable wild populations (Matias-Palafox et al., 2017). 

4. CONCLUSION 

The Cactaceae family embodies remarkable adaptations to arid environments, 

characterized by succulent stems, spines, and CAM photosynthesis. These features not 

only ensure survival under water-limited conditions but also highlight their ecological 

and evolutionary significance. Beyond their biological interest, many generaðsuch as 

Opuntia, Astrophytum, and Gymnocalyciumðpossess notable economic value in 
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ornamental horticulture, agriculture, and industry. However, habitat degradation and 

climate change threaten numerous species, emphasizing the urgency of conservation-

oriented research. Sustainable cultivation, micropropagation, and ex situ conservation 

strategies will play key roles in preserving both the genetic diversity and the ecological 

functions of this unique plant family. 
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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. Antimicrobial drugs cause direct damage to the function of many organs and 

tissues. Any medication may be associated with allergic reactions and immune-related 

diseases. Immunotoxic drugs may cause autoimmune or allergic diseases. Genetic 

differences in the metabolism 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 drugs in patients. The problems associated with long-term use of antibacterial 

drugs are bacterial resistance and possible changes in the gastrointestinal flora. Most 

antibacterial drugs cause pseudomembranous colitis due to the overgrowth of Clostridium 

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. 

Keywords: Antibiotic, toxicity, adverse effects 
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¥ZET 

¢eĸitli ama­lar i­in kullanēlan kimyasallar, insan ve hayvanlarēn baĵēĸēklēk sistemi 

¿zerine istenilmeyen etkilere neden olabilir. Bu durum enfeksiyona karĸē diren­te azalma, 

baĵēĸēklēk d¿zensizliĵi ile sonu­lanabilir, dolayēsēyla alerji ve otoimm¿n yanētē teĸvik 

eder. Antimikrobiyal ila­lar bir­ok organ ve dokunun fonksiyonu ¿zerine doĵrudan hasar 

oluĸturur. Herhangi bir ila­, alerjik reaksiyonlar ve imm¿n nedenli hastalēklarla iliĸkili 

olabilir. Ķmm¿n toksik ila­lar; otoimm¿n ya da alerjik hastalēklara neden olabilir. 

Farmasºtiklerin metabolizmasēndaki genetik farklēlēk; imm¿n toksik metabolitlerin 

oluĸmasēnē ve uzaklaĸtērēlmasēnē belirlediĵi i­in ºnemlidir. Antibiyotiklerin toksik 

imm¿nolojik etkileri (nºtrofil sayēsēnda azalma, alerji, yangē vs.) bu ila­larēn hastalarda 

kullanēlmasēnē etkiler. Uzun s¿reli antibakteriyel ila­ kullanēlmasēyla ilgili sorunlar 

bakteriyel diren­ ve mide-baĵērsak florasēnda muhtemel deĵiĸikliklerdir. ¢oĵu 

antibakteriyel ila­, kolonda Clostiridium difficileôin aĸērē ­oĵalmasēna baĵlē olarak 

psºdomembranlē kolitise neden olur. Ayrēca bu ­alēĸma kapsamēnda son yēllara ait 

bilimsel kaynaklar geniĸ ĸekilde irdelenerek saĵaltēmda kullanēlan antibiyotiklerin 

toksisite ve istenilmeyen etkileri ayrēntēlē ĸekilde ele alēndē.  

Anahtar keli meler: Antibiyotik, toksisite, yan etkiler 
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Giriĸ 

¢eĸitli ama­lar i­in kullanēlan kimyasallar, insan ve hayvanlarēn baĵēĸēklēk sistemi 

¿zerine istenilmeyen etkilere neden olabilir. Bu durum enfeksiyona karĸē diren­te azalma, 

baĵēĸēklēk d¿zensizliĵi ile sonu­lanabilir, dolayēsēyla alerji ve otoimm¿n yanētē teĸvik 

eder. Sitokin salēnma sendromu denilen imm¿n toksisitenin son zamanlarda bilinen 

gºr¿n¿m¿ akut klinik duruma neden olabilir. Ķlaca baĵlē aĸērē duyarlēlēk reaksiyonlarē ve 

otoimm¿n bozukluklar ºnemli bir sorundur ve sēklēkla ila­larēn pazardan geri ­ekilme 

nedenidir (Pieters ve ark., 2019). 

 Ķstenilmeyen ila­ reaksiyonu, bir ilacēn profilaksi ya da saĵaltēm i­in kullanēlan 

dozlarda ama­lanmayan yanētē olarak tanēmlanēr. Antimikrobiyal ila­larēn se­ici 

toksisitesi deĵiĸkendir (Weese ve Dowling, 2025). 

 Ķmm¿n toksik ila­lar; otoimm¿n ya da alerjik hastalēklara neden olabilir. B¿t¿n 

istenilmeyen ila­ reaksiyonlarēnēn %6-10ôluk kēsmē imm¿n aracēlēdēr (Adkinson ve ark., 

2002). Th2 imm¿n yanētē oluĸturma eĵilimi olan atopik bireyler; Th1 yanēt verenlere gºre 

kimyasal haptenlere IgE yanētēyla tetiklenen anaflaksiye daha ­ok duyarlēdēr (Pieters ve 

ark., 2019).  

 Antibiyotiklerin Ķstenilmeyen Etkileri 

Antibiyotiklerin toksik imm¿nolojik etkileri (nºtrofil sayēsēnda azalma, alerji, 

yangē vs.) bu ila­larēn hastalarda kullanēlmasēnē etkiler. Uzun s¿reli antibakteriyel ila­ 

kullanēlmasēyla ilgili sorunlar bakteriyel diren­ ve mide-baĵērsak florasēnda muhtemel 

deĵiĸiklikler ĸeklindedir (Bosnar ve ark., 2019). 

 Sucul ortamda antibiyotiklerin bulunmasē; sucul yaĸam ve insanlarēn bu 

bileĸiklere maruz kalmalarēna neden olur (Singh ve ark., 2019; Cheng ve ark., 2020). 

¢alēĸmalar, antibiyotiklerin sucul mikroorganizmalar, alg ve balēklarēn enzim aktivitesi 

¿zerine toksik etkileri olduĵunu gºstermiĸtir (Brandt ve ark., 2015; Valitalo ve ark., 

2017). 

Antibiyotiklerin toksisitesi; yoĵunluk, maruziyet s¿resi, sucul t¿rler ve diĵer 

antibiyotikler ve/veya diĵer kontaminantlarēn birlikte ortaya ­ēkēĸēndan etkilenebilir (Yan 

ve ark., 2013; Du ve ark., 2017; Magdaleno ve ark., 2015; Cheng ve ark., 2020). Su 

ortamēnda d¿ĸ¿k dozlarda antibiyotiklere uzun s¿reli maruziyet; antibiyotiĵe diren­li 
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bakterilerin ve antibiyotiĵe diren­li genlerin geliĸmesine katkē saĵlar (Huang ve ark., 

2015). 

 Penisilinlerin istenilmeyen etkilerinden akut anaflaksi, kollaps, aĸērē duyarlēlēk 

reaksiyonlarē (¿rtiker, ateĸ, anjiyonºrotik ºdem) yaygēn ĸekilde gºr¿l¿r (Hardefeldt ve 

Prescott, 2025a). 

Potasyum penisilin G uygulamalarēnda potasyum kaynaklē toksisite geliĸebileceĵi 

i­in dikkatli olmak gerekir (Hardefeldt ve Prescott, 2025a). 

Kanamaya neden olan protrombin yoĵunluĵunda azalma, trombosit bozukluklarē 

yeni jenerasyon sefolosporinlerin kullanēlmasēnda dikkat ­ekmiĸtir (Hardefeldt ve 

Prescott, 2025b).  

Klavulanik asit, sulbaktam ve tazobaktamēn toksisite ve yan etkileri hasta 

insanlarēn %10ôunda mide-baĵērsakla ilgili mide bulantēsē, kusma ve ishaldir (Prescott ve 

Hardefeldt, 2025).  

Polimiksinler b¿y¿k ºl­¿de bºbrek dokusu ¿zerine toksik etkilidir. Bºbrek t¿b¿l 

epitel h¿crelerinde hasar oluĸturur (Dowling, 2025a).  

Vankomisinin y¿ksek dozlarda kullanēlmasē ve eĸ zamanlē bºbreklere toksik etkili 

ila­larla alēnmasē halinde ĸiddetli d¿zeyde bºbrek toksisitesi geliĸir (Dowling, 2025a).  

Linkozamitler; insanlar, atlar, tavĸanlar ve diĵer ot­ul hayvanlarda ĸiddetli ve 

ºld¿r¿c¿ ishale neden olur (Maboni ve Gressler, 2025; Plenderleith, 1988). 

Kedilere klindamisin kas i­i uyguladēktan sonra anaflaktik ĸok bildirilmiĸtir 

(Maboni ve Gressler, 2025).  

Makrolit antibiyotiklerin istenilmeyen etkileri; mide bulantēsē, QT s¿resinde 

uzama (Cramer ve ark., 2017) ve sindirim sisteminde C. difficileônin aĸērē ­oĵalmasēyla 

ishal geliĸmesi ĸeklindedir (Bosnar ve ark., 2019). 

Tetrasiklinler; idrarēn yoĵunlaĸtērēlma fonksiyonunu bozabilir. Parenteral 

kullanēlmasē baĵērsak mikrobiyotasēnē bozar ve sindirim sistemi ve karaciĵer 

bozukluklarēyla iliĸkilendirilmiĸtir (Chapuis ve Smith, 2025).  

Florfenikole y¿ksek d¿zeyde maruziyet farklē hayvan t¿rlerinde karaciĵer, ¿riner, 

genital, baĵēĸēklēk sistemi ¿zerine toksik etkiler oluĸturmaktadēr (Guo ve ark., 2024).  
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S¿lfonamitler; doza baĵlē (tip A) ve idiyosinkratik (tip B) reaksiyonlarē 

gºsterebilir (Reinhart ve Prescott, 2025).  

Florokinolonlarēn ºzellikle yavru kºpekler, tavĸanlar, kobaylar, kuzular ve 

taylarda eklem hasarēna yol a­ar. Retinal hasar kedilerde bildirilmiĸtir (Dowling, 2025b). 
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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 is a disease that can be controlled 

with a constant and careful effort by the veterinarian and the animal owner together. Type-

1 diabetes mellitus is an auto-immune disease caused by insulin deficiency and 

characterized by the loss of pancreatic beta cells mediated by T lymphocytes and auto-

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. In this study, 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 treatment. 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 mellitus, treatment 
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¥ZET 

Diyabetes mellitus yetersiz ins¿lin salgēlanmasē, yetersiz ins¿lin etkisi veya her ikisinden 

kaynaklanan hiperglisemi ile karakterize, birden fazla nedeni olan heterojen bir hastalēk 

grubu olarak tanēmlanmēĸtēr. Diyabetes mellitus, veteriner hekim ve hayvan sahibinin 

birlikte y¿r¿tt¿ĵ¿ s¿rekli ve dikkatli bir ­aba ile kontrol altēna alēnabilen bir hastalēktēr. 

Tip-1 diyabetes mellitus; ins¿lin eksikliĵi kaynaklē oluĸan ve T lenfosit ve oto-

antikorlarēn aracēlēk ettiĵi pankreas beta h¿crelerinin kaybēyla karakterize oto-imm¿n bir 

hastalēktēr. Dolayēsēyla beta h¿crelerinin yēkēmē sonrasēnda programlē h¿cre ºl¿m¿ 

ger­ekleĸir. Tedavide baĸarē, g¿ncel bilimsel bilgilerin doĵru yorumlanmasē ve etkin 

klinik deĵerlendirmeyle m¿mk¿nd¿r. Bu ­alēĸmada kºpeklerde diyabetes mellitusun 

etiyoloji, klinik bulgular, tanē ve saĵaltēmē ele alēndē. Son yēllara ait bilimsel kaynaklar 

incelenerek saĵaltēmda en ­ok kullanēlan ila­lara yºnelik saĵaltēm se­enekleri hakkēnda 

geniĸ ĸekilde bilgiler verildi. Ayrēca klinisyen veteriner hekimlere uygulama yºn¿nden 

kolaylēk saĵlamasē bakēmēndan, kºpeklerde diyabete yºnelik bilimsel kaynaklardaki 

bildirimler geniĸ ĸekilde aktarēlarak farklē saĵaltēm se­enekleri hakkēnda bilgiler sunuldu. 

Anahtar sºzc¿kler: Kºpek, diyabetes mellitus, saĵaltēm 

  

mailto:abilgili61@gmail.com
mailto:burakdogan.bd55@gmail.com


LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΜΥ 
 

Giriĸ 

Diyabetes mellitus (DM) yetersiz ins¿lin salgēlanmasē, yetersiz ins¿lin etkisi veya 

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

bir hastalēk grubu olarak tanēmlanmēĸtēr (OôKell & Davison, 2023). 

Yakēn dºnemde, Avrupa Veteriner Endokrinoloji Derneĵi (European Society of 

Veterinary Endocrinology (ESVE)) veteriner endokrin hastalēklarēnda kullanēlan ortak 

terminoloji ve tanēmlarē netleĸtirmek i­in veteriner endokrinolojide ortak dil projesini 

(ALIVE (Agreeing Language in Veterinary Endocrinology Project) ger­ekleĸtirmiĸtir 

(Niessen ve ark., 2022).  

Bu proje kapsamēnda yapēlan tanēmda DM, yetersiz ins¿lin salgēlanmasē, yetersiz 

ins¿lin etkisi veya her ikisinden kaynaklanan hiperglisemi ile karakterize ­oklu 

etiyolojiye sahip heterojen bir hastalēk ĸeklinde tanēmlanmēĸtēr (Niessen ve ark., 2022).  

Etiyoloji  

Diyabetin etiyolojik sēnēflandērmasē zaman i­erisinde deĵiĸmiĸ olup veteriner 

hekimlikteki sēnēflandērmasēnēn geliĸimi beĸeri hekimlikteki etiyolojik sēnēflandērma gibi 

ĸekil almēĸtēr. Beĸeri hekimlikte ins¿line baĵēmlē DM, ins¿line baĵēmlē olmayan DM ve 

diĵer ĸeklinde baĸlayan sēnēflandērma zamanla Tip-1 DM, Tip-2 DM ĸeklinde deĵiĸmiĸ 

ve 2013 yēlēnda Amerikan Diyabet Birliĵi (American Diabetes Association) tarafēndan 

etiyolojik bazlē en geliĸmiĸ formuna kavuĸmuĸtur. Veteriner hekimlikte de etiyolojik 

bazlē sēnēflandērma ALIVE projesi kapsamēnda yapēlmēĸtēr (Gilor ve ark., 2016; Niessen 

ve ark., 2022).  

Kºpeklerde tip 1 diyabetin etiyolojisi ­ok faktºrl¿d¿r ve muhtemelen genetik 

faktºrler, beta h¿cresi hasarē ve yangēyē tetikleyen ­evresel faktºrleri i­erir (Rand, 2020; 

Rojas ve ark., 2018). 

Kºpeklerde DM ve pankreas yangēsē arasēnda karmaĸēk bir neden-sonu­ iliĸkisi 

vardēr, bazen baĸka bir nedene baĵlē ºnceden var olan DM akut pankreatitise zemin 

hazērlēyor gibi gºr¿n¿rken, diĵer olgularda DM son evre kronik pankreas yangēsēnda 

pankreatik adacēk h¿crelerinin kaybēnēn bir sonucu olarak ortaya ­ēkar (Watson, 2012). 
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Kºpeklerde Diyabetin Patofizyolojisi 

Diyabetik bireylerde h¿cre i­i glikoz kullanēmēnēn yetersiz olmasē, organizmanēn 

enerji a­ēĵē yaĸadēĵē bir durumu simgeler ve bu durum v¿cut aĵērlēĵēnda azalma ile 

sonu­lanēr. Glikozun h¿crelere giriĸi ins¿lin aracēlēĵēyla ger­ekleĸtiĵinden, ins¿lin 

eksikliĵi durumunda yeterli glikoz alēmē saĵlanamaz. Bu yetersizlik, beslenme 

merkezinin baskēlanmasēnē engeller ve sonu­ olarak, y¿ksek kan glikoz d¿zeylerine 

raĵmen hastalarda iĸtah artēĸē (polifaji) meydana gelir (Nelson, 2015).  

Klinik Bulgular  

Diyabetin klinik bulgularē persiste hiperglisemi ve glikoz¿ri varlēĵēnda gºr¿l¿r, 

fakat glikoz seviyesi referans limitin ¿st sēnērēna yakēnken ve renal eĸik deĵeri 

aĸēlmamēĸken gºr¿lmez. Referans limit kºpeklerde ise 200 mg/dL ĸeklindedir yani bu 

limitlerin aĸēlmasē durumunda glikoz¿ri gºr¿l¿ (Behrend ve ark., 2018). 

Teĸhis 

Kºpeklerde DMônin geleneksel teĸhisi persiste a­lēk hiperglisemisi ve 

glikoz¿rinin birlikte gºr¿lmesine dayanēr bu y¿zden diyabetin teĸhisini yaparken hem 

persiste hiperglisemi hem de glikoz¿rinin varlēĵēnēn belirlenmesi ºnemlidir (Nelson, 

2015; Sidhu & Randhawa, 2019).  

Avrupa Veteriner Endokrinoloji Derneĵiônin Ortak Dil Projeôsine gºre (ALIVE 

Project); kºpeklerde kan glikoz seviyesi a­lēk veya tokluk durumu fark etmeksizin 200 

mg/dl veya 11.1 mmol/lônin ¿st¿ndeyse ve hipergliseminin klinik belirtileri veya 

hiperglisemik krizin gºr¿lmesi durumunda diyabetin teĸhisi yapēlmalēdēr. Ayrēca serum 

fruktozamin, glikozile hemoglobin gibi alternatif yºntemler diyabetin teĸhisinde 

kullanēlabilir (Niessen ve ark., 2022). 

Kºpeklerde Diyabetes Mellitusun Saĵaltēmē 

Kºpeklerde ins¿lin uygulamasē yapēlērken endojen ins¿lin sekresyonunun taklit 

edilmesi asēl istenendir, buna bazal-bolus pattern denir (Tardo ve ark., 2024). Bazal bolus 

terapi ĸeklinde, uzun etkili ins¿lin ve hēzlē etkili ins¿lin kombinasyon halinde kullanēlēr 

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

DMôyi saĵaltmada tescilli preparatlar baĸarēlē olmazsa rekombinant ins¿lin 

analoglarē kºpeklerde baĸarēlē ĸekilde kullanēlmēĸtēr (Gilor ve Fleeman, 2022). 
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Besleme 

Diyabetli kºpekler i­in ticari yemler bulunmaktadēr. Gēdanēn lezzetli, besin 

yºn¿nden dengeli ve sindirilebilir olmasē gerekir (Davison, 2023). 
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X¦LASᴄ 

      Oĵuz dillᴅri t¿rk dillᴅrinin cᴅnub-qᴅrb qoluna daxildir. Bu qrupa Azᴅrbaycan, 

T¿rkiyᴅ, T¿rkmᴅn, Qaqauz, Krēm t¿rkcᴅsi vᴅ bir sēra digᴅr dialektlᴅr aiddir. Bu dillᴅr 

fonetik, morfoloji vᴅ leksik cᴅhᴅtdᴅn bir-birinᴅ ­ox yaxēn olub, ¿mumi qᴅdim oĵuz 

bazasēnda formalaĸēb.  

      T¿rk dillᴅri ailᴅsinin Oĵuz qrupu hᴅm struktur, hᴅm dᴅ funksional x¿susiyyᴅtlᴅrinᴅ 

gºrᴅ dil­ilikdᴅ geniĸ tᴅdqiq olunan istiqamᴅtlᴅrdᴅndir.   

Bu qrupa daxil olan Azᴅrbaycan, T¿rkiyᴅ, T¿rkmᴅn vᴅ Qaqauz dillᴅrindᴅ ᴅvᴅzlik 

kateqoriyasē m¿vafiq ĸᴅkildᴅ inkiĸaf etmiĸ, zamanla fᴅrqli istiqamᴅtlᴅrdᴅ formalaĸmēĸdēr. 

Oĵuz dillᴅrindᴅ ᴅvᴅzlik sistemi hᴅm leksik, hᴅm dᴅ sintaktik baxēmdan m¿h¿m yer tutur. 

ᴄvᴅzliklᴅr kommunikativ funksiyalarē yerinᴅ yetirmᴅklᴅ yanaĸē, nitqdᴅ ixtisar vᴅ qᴅnaᴅt 

funksiyasē da daĸēyēr. 

Bu mᴅqalᴅdᴅ Oĵuz qrupu t¿rk dillᴅrinᴅ daxil olan Azᴅrbaycan, T¿rkiyᴅ, T¿rkmᴅn 

vᴅ Qaraqalpaq dillᴅrindᴅ ᴅvᴅzliklᴅrin struktur, semantik vᴅ funksional x¿susiyyᴅtlᴅri 

m¿qayisᴅli ĸᴅkildᴅ tᴅhlil olunur. ᴄvᴅzliklᴅrin leksik vᴅ qrammatik x¿susiyyᴅtlᴅri arasēnda 

m¿ᴅyyᴅn oxĸarlēqlar olsa da, fᴅrqli formalar vᴅ istifadᴅyᴅ dair mᴅqamlar da mºvcuddur. 

ķᴅxs, iĸarᴅ vᴅ sual ᴅvᴅzliklᴅrinin m¿xtᴅlif dill ᴅrdᴅ hallanma sistemi, fonetik formasē, sºz 

sērasēndakē mºvqeyi vᴅ vurĵulanmasē dᴅyiĸir. Tᴅdqiqatda hᴅm­inin bu fᴅrqlᴅrin tarixi-

mᴅdᴅni vᴅ sosial-linqvistik sᴅbᴅblᴅri izah olunur. Nᴅticᴅdᴅ, Oĵuz dillᴅri arasēnda 

ᴅvᴅzliklᴅrin fᴅrqlᴅri dil tipologiyasē baxēmēndan maraqlē nᴅticᴅlᴅr ortaya qoyur.  

A­ar sºzlᴅr: dil, mᴅnĸᴅ, ᴅvᴅzlik, funksiya, oxĸarlēq, Oĵuz qrupu, m¿qayisᴅli tᴅhlil, 

dil fᴅrqlᴅri, t¿rk dillᴅri 
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                                                  SUMMARY  

The Oghuz languages belong to the southwestern branch of the Turkic languages. 

This group includes Azerbaijani, Turkish, Turkmen, Gagauz, Crimean Turkish and a 

number of other dialects. These languages are very close to each other in phonetic, 

morphological and lexical terms, and were formed on a common ancient Oghuz base. 

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 languages included 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 takes an important 

place both lexically and syntactically. In addition to performing 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 Azerbaijani, Turkish, 

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 terms of case endings, 

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 Oghuz languages.  

Keywords: language, origin, pronoun, function, similarity, Oghuz group, 

comparative analysis, language differences, Turkic languages 
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                                             ¥ZET 

Oĵuz dilleri T¿rk dillerinin g¿neybatē koluna aittir. Bu grupta Azerbaycan, T¿rkiye 

T¿rk­esi, T¿rkmence, Gagavuz, Kērēm T¿rk­esi ve bir dizi baĸka leh­e yer alēr. Bu diller 

fonetik, morfolojik ve leksik a­ēdan birbirine ­ok yakēndēr ve ortak bir eski Oĵuz temeli 

¿zerinde oluĸmuĸtur. 

T¿rk dil ailesinin Oĵuz grubu, hem yapēsal hem de iĸlevsel ºzellikleri nedeniyle 

dilbilimde yaygēn olarak incelenen yºnlerden biridir. 

Bu gruba dahil olan Azerbaycan, T¿rkiye T¿rk­esi, T¿rkmence ve Gagavuz 

dillerinde zamir kategorisi buna gºre geliĸmiĸ ve zaman i­inde farklē yºnlerde 

oluĸmuĸtur. Oĵuz dillerindeki zamir sistemi hem leksik hem de sºzdizimsel olarak ºnemli 

bir yer tutar. Zamirler iletiĸimsel iĸlevleri yerine getirmenin yanē sēra konuĸmada kēsaltma 

ve kēsaltma iĸlevine de sahiptir. 

Bu makalede, Oĵuz Grubu T¿rk dillerinden Azerbaycan T¿rk­esi, T¿rkiye 

T¿rk­esi, T¿rkmence ve Karakalpak­aôda zamirlerin yapēsal, anlamsal ve iĸlevsel 

ºzellikleri karĸēlaĸtērmalē olarak incelenmiĸtir. Zamirlerin dil yapēlarē arasēnda 

benzerlikler olduĵu kadar, kullanēmlarē a­ēsēndan ºnemli farklar da tespit edilmiĸtir. 

ķahēs, iĸaret ve soru zamirlerinin h©l ekleri, fonetik bi­imleri, c¿mledeki konumu ve 

vurgusu dilden dile deĵiĸmektedir. Makalede bu farklēlēklarēn tarih´, k¿lt¿rel ve 

sosyolinguistik nedenleri de ele alēnmaktadēr. Sonu­lar, Oĵuz dilleri arasēndaki zamir 

kullanēmē farklēlēklarēnēn dil tipolojisi a­ēsēndan dikkatᴅ ĸayan olduĵunu ortaya 

koymaktadēr.  

Anahtar sºzc¿kler: dil, kºken, zamir, iĸlev, benzerlik, Oĵuz grubu, karĸēlaĸtērmalē 

analiz, dil farklarē, T¿rk dilleri 

 

       Giriĸ: Ϸvϸzlik anlayēĸē vϸ funksional tϸsnif  

      ᴄvᴅzlik ð isim, sifᴅt, say vᴅ zᴅrf kimi sºz nºvlᴅrinin yerinᴅ iĸlᴅnᴅrᴅk onlarē ᴅvᴅz 

edᴅn, sintaktik m¿nasibᴅtlᴅrdᴅ iĸtirak edᴅn m¿stᴅqil nitq hissᴅsidir. 

ᴄvᴅzliklᴅrin ¿mumi tᴅsnifi-Oĵuz dillᴅrindᴅ ᴅvᴅzliklᴅr aĸaĵēdakē kimi 

qruplaĸdērēlēr:  

- ķᴅxs ᴅvᴅzliklᴅri: mᴅn/ben/men  

- Ķĸarᴅ ᴅvᴅzliklᴅri: bu, o, ĸu  

- Sual ᴅvᴅzliklᴅri: kim, nᴅ, nᴅ­ᴅ  

- Qeyri-m¿ᴅyyᴅn ᴅvᴅzliklᴅr: biri, kimsᴅ, he­ kim  

- Ķnkar ᴅvᴅzliklᴅri: he­ kim, he­ nᴅ 

    Fonetik vᴅ morfoloji f ᴅrqlᴅr 

ᴄvᴅzlik Azᴅrbaycan d. T¿rk d. T¿rkmᴅn d. Qaqauz d. 
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Mᴅn Mᴅn ben men ben 

Sᴅn sen sen sen sen 

O  o o ol o 

Biz  biz biz biz biz 

     

 

    Bu n¿munᴅlᴅr ᴅvᴅzliklᴅrin ortaq kºkdᴅn gᴅldiyini  gºstᴅrsᴅ dᴅ, fonetik uyĵunlaĸma 

regional sᴅciyyᴅ daĸēyēr. 

- Azᴅrb.: Mᴅni gºrd¿  

- T¿rkiyᴅ: Beni gºrd¿  

- T¿rkmᴅn: Meni gºrd¿  

Gºr¿nd¿y¿ kimi, fᴅrq, ᴅsasᴅn, sait dᴅyiĸmᴅlᴅrindᴅ vᴅ fonetik adaptasiyadadēr. 

Qrammatik hallanma  

ᴄvᴅzliklᴅr Oĵuz dillᴅrindᴅ hallanēr vᴅ bu zaman x¿susi morfoloji fᴅrqlᴅr m¿ĸahidᴅ edilir. 

- Azᴅrbaycan t¿rkcᴅsi:  

  Mᴅn Ÿ mᴅni (tᴅsirlik), mᴅnᴅ (yºnl¿k), mᴅndᴅ (yerlik)  

- T¿rkiyᴅ t¿rkcᴅsi:  

  Ben Ÿ beni, bana, bende  

- T¿rkmᴅn t¿rkcᴅsi:  

  Men Ÿ meni, maŔa, mende  

Bu hallanma formalarēnēn ĸᴅkil­ilᴅrindᴅki fᴅrqlᴅr sintetik strukturun inkiĸaf fᴅrqlᴅrindᴅn 

qaynaqlanēr. 

Sintaktik funksiyalar vϸ oxĸarlēqlar  

ᴄvᴅzliklᴅr c¿mlᴅdᴅ aĸaĵēdakē sintaktik funksiyalarda ­ēxēĸ edir: 

- M¿btᴅda: Mᴅn gᴅldim / Ben geldim. / Men geldim. 

- Tamamlēq: Sᴅni ­aĵērdēm / Seni ­aĵērdēm. 

- Tᴅyin: Onun kitabē / Onun kitabē. 

ᴄvᴅzliklᴅr hᴅr dildᴅ m¿btᴅda, tamamlēq, zᴅrflik kimi ­ēxēĸ edᴅ bilᴅr: 

- Azᴅrb.: Mᴅn sᴅni ­aĵērdēm.  

- T¿rkiyᴅ: Ben seni ­aĵērdēm.  

- T¿rkmᴅn: Men seni ­agērdēm.  

- Qaqauz: Ben seni ­aĵērdēm. 

  ¦slubi vϸ sintaktik fϸrqlϸr:   

T¿rk dilindᴅ ĸᴅxsi ᴅvᴅzliklᴅr ­ox vaxt buraxēla bilᴅr:  

- Gidiyorum (Ben sºz¿ yoxdur, amma mᴅn anlamē verilir).  

Azᴅrbaycan dilindᴅ isᴅ bu buraxēlma daha mᴅhduddur:  

- Gedirᴅm ï aydēn olur, amma rᴅsmi ¿slubda Mᴅn gedirᴅm ¿st¿nl¿k tᴅĸkil edir. 

1.Sual ϸvϸzliklϸrinin iĸlϸnmϸsi 

- Kim gᴅldi? / Kim geldi? / Kim geldi? / Kim geldi? ï formaca eyni, bᴅzᴅn intonasiya 

fᴅrqlidir. 

2.Ķĸarϸ ϸvϸzliklϸrindϸ fϸrq  

- T¿rkiyᴅ t¿rkcᴅsindᴅ ñĸuò ᴅvᴅzliyi geniĸ iĸlᴅnir: *ķu ­ocuk kimdir?*  
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- Azᴅrbaycan dilindᴅ qarĸēlēĵē *bu* vᴅ ya *o* olur: *O uĸaq kimdir?*  

Bu, iĸarᴅnin yaxēnlēq mᴅsafᴅsinᴅ gºrᴅ fᴅrqli ifadᴅsidir. 

Qrammatik hallarda ϸvϸzlik  

- Azᴅrb.: Mᴅnim kitabēm  

- T¿rkiyᴅ: Benim kitabēm  

- T¿rkmᴅn: MeniǼ kitabēm 

T¿rkmᴅn dilindᴅ hallanma sistemi fonetik cᴅhᴅtdᴅn fᴅrqlᴅnir: -iǼ ĸᴅkil­isi ilᴅ formalaĸēr. 

Qrammatik hallanma  

ᴄvᴅzliklᴅr Oĵuz dillᴅrindᴅ hallanēr vᴅ bu zaman x¿susi morfoloji fᴅrqlᴅr m¿ĸahidᴅ edilir. 

- Azᴅrbaycan t¿rkcᴅsi:  

  Mᴅn Ÿ mᴅni (tᴅsirlik), mᴅnᴅ (yºnl¿k), mᴅndᴅ (yerlik)  

- T¿rkiyᴅ t¿rkcᴅsi:  

  Ben Ÿ beni, bana, bende  

- T¿rkmᴅn t¿rkcᴅsi:  

  Men Ÿ meni, maǼa, mende  

Bu hallanma formalarēnēn ĸᴅkil­ilᴅrindᴅki fᴅrqlᴅr sintetik strukturun inkiĸaf 

fᴅrqlᴅrindᴅn qaynaqlanēr. 

Sintaktik funksiyalarē: 

  ᴄvᴅzliklᴅr c¿mlᴅdᴅ m¿xtᴅlif sintaktik funksiyalarda ­ēxēĸ edir: 

-M¿btᴅda Mᴅn gᴅldim. / Ben geldim. / Men geldim. 

- Tamamlēq: Sᴅni ­aĵērdēm. / Seni ­aĵērdēm. 

- Tᴅyin: Onun kitabē. / Onun kitabē. 

Bu struktur vᴅ funksiyalar oxĸar olsa da, istifadᴅdᴅ ¿slubi fᴅrqlᴅr ola bilᴅr. 

 ¦slubi vϸ semantik fϸrqlϸr  

T¿rkiyᴅ t¿rkcᴅsindᴅ ĸᴅxs ᴅvᴅzliklᴅri ­ox vaxt buraxēla bilᴅr:  

- Geliyorum ð "Ben" buraxēlēb, lakin mᴅnsubiyyᴅt kontekstdᴅn aydēn olur.  

Azᴅrbaycan dilindᴅ bu hallar nadirdir vᴅ daha ­ox qeyri-rᴅsmi ¿sluba aiddir. 

Sual vϸ iĸarϸ ϸvϸzliklϸri  

Sual ᴅvᴅzliklᴅri: 

- Kim, nᴅ, nᴅ zaman, necᴅ Ÿ b¿t¿n Oĵuz dillᴅrindᴅ bu ᴅvᴅzliklᴅr oxĸar formalarda iĸlᴅnir, 

fᴅrqlᴅr sintaktik yerdᴅyiĸmᴅlᴅrdᴅ vᴅ intonasiyada olur. 

Ķĸarᴅ ᴅvᴅzliklᴅri: 

- T¿rkiyᴅ t¿rkcᴅsindᴅ: bu, ĸu, o  

- Azᴅrbaycan dilindᴅ: bu, o  

"ĸu" ᴅvᴅzliyi Azᴅrbaycan dilindᴅ yoxdur, qarĸēlēĵē "bu" vᴅ ya "o" ilᴅ ifadᴅ olunur. 

Qeyri-m¿ϸyyϸn vϸ inkar ϸvϸzliklϸrinin iĸlϸnmϸsi  

- He­ kim, kimsᴅ, birisi, he­ nᴅ kimi formalar hᴅr dildᴅ var.  

T¿rkmᴅn dilindᴅ hi­ kimse, hi­ zat kimi formalar iĸlᴅnir. 

      ᴄvᴅzliklᴅrin diaxron inkiĸafē  

ᴄvᴅzliklᴅrin bᴅzi formalarē qᴅdim oĵuz vᴅ ¿mumt¿rk formalarēna gedib ­ēxēr. Mᴅsᴅlᴅn, 

"ol" formasē t¿rkmᴅn dilindᴅ qorunub saxlanēlēb, digᴅr dillᴅrdᴅ "o" ĸᴅklindᴅ 

sadᴅlᴅĸmiĸdir. 
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    Praktik t ᴅtbiqlᴅr vᴅ m¿qayisᴅli tᴅhlil  

  Mᴅsᴅlᴅn; Azϸrbaycan dili: Mᴅn sᴅni ­ox yaxĸē tanēyēram. O da sᴅni ­ox istᴅyir.  

 T¿rkiyϸ t¿rkcϸsi: Ben seni ­ok iyi tanēyorum. O da seni ­ok seviyor.  

 T¿rkmϸn t¿rkcϸsi: Men seni gowy tanaĨaryn. Ol hem seni gowy gºrĨªr. 

        Bu c¿mlᴅlᴅrdᴅ ᴅvᴅzliklᴅrin hᴅm fonetik, hᴅm sintaktik, hᴅm dᴅ ¿slubi fᴅrqlᴅri 

gºr¿n¿r. 

ᴄvᴅzliklᴅrin diaxron inkiĸafē: tarixi-etimoloji baxēĸ 

ᴄvᴅzliklᴅrin ᴅksᴅriyyᴅti qᴅdim t¿rk dillᴅrindᴅ dᴅ eyni vᴅ ya oxĸar formalarda mºvcud 

olmuĸdur. Orxon-Yenisey abidᴅlᴅrindᴅ vᴅ "Dᴅdᴅ Qorqud" dastanlarēnda iĸlᴅnmiĸ 

ᴅvᴅzliklᴅr bug¿nk¿ Oĵuz dillᴅrindᴅ ºz formasēnē qismᴅn qoruyub saxlamēĸdēr. 

         Tarixi m¿qayisᴅli cᴅdvᴅli:  

ᴅvᴅzlik Orxon-

Yenisey 

Kitabi-dᴅdᴅ 

Qorqud 

Azᴅrbaycan 

d. 

T¿rk d. T¿rkmᴅn d. 

Mᴅn men Mᴅn Mᴅn ben men 

Sᴅn sen Sᴅn Sᴅn sen sen 

o ol o o o ol 

biz biz biz biz biz biz 

siz siz siz siz siz siz 

 

  Burada "ol" formasēnēn m¿asir t¿rkmᴅn dilindᴅ qorunmasē arxaik x¿susiyyᴅtin 

daĸēyēcēsē kimi diqqᴅti ­ᴅkir. 

ᴄvᴅzliklᴅrin tarixi m ᴅnĸᴅyi vᴅ dᴅyiĸmᴅlᴅri. ᴄvᴅzliklᴅr ᴅn sabit leksik-semantik 

kateqoriyalardan biridir. Onlar ­ox vaxt arxaik kºk formalarda qorunub saxlanēr. Bᴅzi 

formalar isᴅ zamanla qēsalaĸmēĸ, analitik konstruksiyalardan sintetik formaya ke­miĸdir: 

- Qᴅdim t¿rk dilindᴅ: men, sen (I ĸᴅxs tᴅk)  

- Orxon-Yenisey yazēlarēnda: men, sen, ol  

- M¿asir oĵuz dillᴅrindᴅ bu formalar, ᴅsasᴅn, qorunmuĸdur:  

  - Azᴅrbaycan dilindᴅ: mᴅn, sᴅn, o 

  - T¿rkmᴅn dilindᴅ: men, sen, ol  

  - T¿rkiyᴅ t¿rkcᴅsindᴅ: ben, sen, o 

         Qᴅdim t¿rk dilindᴅ "ol" ĸᴅxs ᴅvᴅzliyi hᴅm "o", hᴅm dᴅ "o adam" mᴅnasēnda 

iĸlᴅnmiĸdir. Bu ­oxluq vᴅ tᴅkliyin konkret kontekstdᴅ m¿ᴅyyᴅnlᴅĸdirilmᴅsinᴅ sᴅbᴅb 

olmuĸdur. M¿asir dillᴅrdᴅ "o" yalnēz ¿­¿nc¿ ĸᴅxsin ᴅvᴅzliyi kimi sabitlᴅĸmiĸdir. 

      Semantik-funksional cᴅhᴅtlᴅr. ᴄvᴅzliklᴅrin semantikasē kontekstualdēr. Onlar ºz 

mᴅnasēnē digᴅr leksik vahidlᴅrdᴅn fᴅrqli olaraq yalnēz c¿mlᴅdᴅ qazanēr. Mᴅsᴅlᴅn: Mᴅn 

onu tanēyēram - Burada ñoò ĸᴅxs konkret olaraq kontekstdᴅn asēlēdēr. 

        ᴄvᴅzliklᴅr c¿mlᴅdᴅ yalnēz obyektiv sintaktik funksiya daĸēmēr, hᴅm dᴅ mᴅna y¿k¿, 

konkretlik dᴅrᴅcᴅsi, emosional vurĵu ilᴅ se­ilir. Mᴅsᴅlᴅn; bᴅdii mᴅtn: 

- ñMᴅn sᴅndᴅn baĸqa he­ kᴅsᴅ inanmadēmò(M.Cᴅlal),- burada ñmᴅnò ĸᴅxsiyyᴅtin 

vurĵusunu artērēr, emosional dᴅyᴅr daĸēyēr. 
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  T¿rk dilindᴅ: ñBen sadece sana inandēmò, ï ñbenò vurĵulu kontekstdᴅ iĸlᴅnmᴅsᴅ, 

buraxēla bilᴅr. 

        M¿xtᴅlif janrlarda ᴅvᴅzliklᴅrin funksional rolu da m¿xtᴅlif olur. 

 

Janr                                      ᴄvᴅzliyin funksiyalarē 

Elmi ¿slub Minimal, obyektiv, 3-c¿ ĸᴅxs ¿st¿nl¿k tᴅĸkil edir 

Bᴅdii ¿slub ķᴅxs ᴅvᴅzliklᴅri ­ox iĸlᴅnir, vurĵulu, emosional olur 

Publisistika Biz, siz, o- ᴅvᴅzliklᴅri ictimai ­aĵērēĸ n¿munᴅsi daĸēyēcēsē 

olur. 

Danēĸēq dilindᴅ Mᴅn, sᴅn, o- ᴅvᴅzliklᴅri g¿ndᴅlik ¿nsiyyᴅtin daĸēyēcēsēna 

­evrilir 

 

       ᴄvᴅzliklᴅr haqqēnda Doĵan Aksan yazēr: ñT¿rk dillᴅrindᴅ ᴅvᴅzliklᴅr sadᴅ quruluĸda 

olsa da, dilin mᴅntiqi sistemindᴅ m¿rᴅkkᴅb funksional struktura malikdirò (Aksan, 

2001, s. 122). 

     M.Aĵakayev isᴅ Azᴅrbaycan vᴅ T¿rkiyᴅ t¿rkcᴅsinin m¿qayisᴅsindᴅ qeyd 

edir: "ᴄvᴅzliklᴅrdᴅ fonetik fᴅrqlᴅr olsa da, sintaktik funksiya vᴅ hallanma sistemi tᴅmᴅl 

olaraq ortaqdēr" (Aĵakayev, 2004, s. 95). 

     Onun fikri maraqlēdēr. ð ñOnunò bu halda tᴅyin ᴅvᴅzliyidir vᴅ semantik olaraq 

m¿lkiyyᴅti bildirir.  

      Bu baxēmdan, ᴅvᴅzliklᴅrin funksiyasē yalnēz morfoloji deyil, hᴅm dᴅ semantik vᴅ 

pragmatik sᴅviyyᴅdᴅ m¿ᴅyyᴅn olunur. 

     Sintaktik tipologiya vᴅ transformasiyalar mᴅsᴅlᴅsinᴅ gᴅlincᴅ, ᴅvᴅzliklᴅrin digᴅr nitq 

hissᴅlᴅri ilᴅ ᴅlaqᴅsinᴅ ᴅsaslanaraq aĸaĵēdakē transformasiya modellᴅri qura bilᴅrik: 

1. Ķsimlᴅĸmiĸ ᴅvᴅzlik: - Mᴅn m¿ᴅllimᴅm. - Bu mᴅnimdir.  

  Burada ᴅvᴅzlik ismin yerinᴅ ke­ir, predikativ vᴅ ya m¿btᴅda funksiyasēnē yerinᴅ yetirir 

2. Sifᴅtᴅ ­evrilmᴅ: ñOnunò ï sifᴅt funksiyasēnda iĸlᴅnᴅn tᴅyin ᴅvᴅzliyidir. 

3. ᴄdatlarla kombinasiyasē:  - He­ kim, bir kᴅs, nᴅ isᴅ kimi birlᴅĸmᴅlᴅrdᴅ ᴅvᴅzlik mᴅna 

baxēmēndan qeyri-m¿ᴅyyᴅnlik bildirir.  

     ¦slubi cᴅhᴅtdᴅn ᴅvᴅzliklᴅr m¿xtᴅlif  funksional y¿kᴅ malik nitq hissᴅsidir. ᴄvᴅzliklᴅr 

¿slubi vasitᴅ kimi emosional-ifadᴅli mᴅtnlᴅrdᴅ tez-tez istifadᴅ olunur. X¿susilᴅ bᴅdii vᴅ 

publisistik ¿slubda ᴅvᴅzliklᴅr ĸᴅxsiliyi vᴅ subyektivliyi g¿clᴅndirir. Mᴅsᴅlᴅn; Mᴅn bu 

ĸᴅhᴅri tᴅrk edᴅrkᴅn, i­imdᴅ bir boĸluq vardē,-burada "mᴅn" ĸᴅxsi ᴅvᴅzlik birinci ĸᴅxsin 

duyĵusal halēnē vurĵulayēr. (M. Cᴅlal):  

Publisistik ¿slubda: Biz birlikdᴅ g¿cl¿y¿k! ðc¿mlᴅsindᴅ kollektiv ­aĵērēĸ vᴅ 

emosional y¿k daĸēyēr. 

          NᴄTĶCᴄ 

 Oĵuz qrupu t¿rk dillᴅrindᴅ ᴅvᴅzlik sistemi ¿mumt¿rk dil birliyinin daĸēyēcēsē kimi 

ortaq struktura malikdir. Lakin hᴅr bir dilin fonetik, morfoloji vᴅ ¿slubi ºzᴅllikl ᴅri bu 

sistemin fᴅrqli cizgilᴅr almasēna sᴅbᴅb olmuĸdur. Bu sahᴅnin tᴅdqiqi yalnēz m¿qayisᴅli 
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dil­ilik ¿­¿n deyil, hᴅm dᴅ tᴅrc¿mᴅ, pedaqoji dil­ilik vᴅ ¿slubi tᴅhlil ¿­¿n vacib 

ᴅhᴅmiyyᴅt kᴅsb edir.  

Oĵuz dillᴅrindᴅ ᴅvᴅzlik sistemi ¿mumt¿rk irsinin qoruyucu sahᴅlᴅrindᴅn biridir. 

Fonetik, morfoloji vᴅ sintaktik fᴅrqlᴅr regional inkiĸafla baĵlēdēr. ᴄvᴅzliklᴅrin semantik 

kontekstᴅ baĵlēlēĵē onlarēn dinamik vᴅ ­evik iĸlᴅnmᴅsini tᴅmin edir. Bu sahᴅnin tᴅdqiqi 

funksional sintaksis, ¿slubi tᴅhlil vᴅ m¿qayisᴅli dil­ilik baxēmēndan x¿susi ᴅhᴅmiyyᴅt 

kᴅsb edir. 
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¥zet 

Bu ­alēĸmada ¿nl¿ sosyolog ve filozof George Simmelôin modern dºnemde ºnemi 

gittik­e artan paraya iliĸkin analizlerine ve gºr¿ĸlerine yer verilmiĸtir. Simmel modern 

dºnem analizleri ile ilkel toplumlardan g¿n¿m¿ze karmaĸēklaĸmēĸ olan kent yaĸamēnē, 

kent yaĸamēnē dizayn eden rasyonel iliĸkileri ve ºzellikle paranēn satēn alma g¿c¿n¿ 

incelemiĸtir. Paranēn sadece deĵiĸim deĵeri ¿zerinden sembolik g¿c¿yle ilgilenmemiĸ, 

zaman ve mekandan baĵēmsēz ĸekilde b¿y¿yen bir g¿­ haline gelmesi konusunu 

irdelemiĸtir. Para sistemi modern ekonomik dºng¿de en b¿y¿k g¿­ haline gelirken bunun 

insan psikolojisindeki karĸēlēĵē Simmelôin ilgilendiĵi bir diĵer ºnemli husustur. 

Simmelôin sosyolojisi makro ancak ºzellikle mikro ºl­ekteki analizleri i­erir. Araĸtērma 

alanlarē kadēn, kent, moda, para ekonomisi gibi bir ­ok temayē kapsar. Ancak ­alēĸmalarē 

i­inde en ºnemli analizler modern dºnemin deĵer anlayēĸēnē yansētmasē itibariyle para 

¿zerine olanladēr. Simmelôin y¿kselen bir g¿­ olarak para ¿zerine olan analizleri modern 

insanēn duygu d¿nyasēnda ve psikolojindeki deĵiĸimleri de ortaya koymaktadēr. Bu 

­alēĸmada kēsaca para ve paranēn sembolik deĵeri ile modern dºnemde artan g¿c¿ ¿zerine 

olan gºr¿ĸlerine yer verilmiĸtir.  

Anahtar Sºzc¿kler: George Simmel, Para, Modern Ekonomi, Paranēn Sembolik Deĵeri 
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GEORGE SIMMEL'S ñPHILOSOPHY OF MONEYò and MONEY AS A 

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 important in the modern 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 power of money. 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 modern economic 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, money economy. 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 modern man. 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 kurucusu, eleĸtirmen, teorisyen ve 

filozoftur. Onun tutumu ºzellikle birey toplum iliĸkisini anlamak ve bu ikisi arasēndaki 

baĵlarla ­atēĸmayē a­ēklamaya ­alēĸmaktēr. Aĵērlēklē olarak modern toplum analizleri 

bulunsa da Simmel ºzellikle modern dºnem ºncesi Orta­aĵ epistemesi ve yaĸam anlayēĸē 

ile modern ­aĵ arasēndaki benzerlik ve farklēlēklara deĵinmiĸtir. Simmelôin analizleri 

modern ­aĵ, g¿ndelik hayat, din, para, para ekonomisi, kadēn, moda, metropol, modern 

k¿lt¿r gibi bir ­ok alana yayēlan bir temayē kapsar. ñĶ­inde doĵduĵu Berlin kentinin 

kozmopolit metropol yapēsēnēn Simmelôin kiĸilik ºzelliklerinin ve d¿ĸ¿ncelerinin 

oluĸumunda ºnemli bir rol oynadēĵēna ­oĵunlukla deĵinilmektedir (Birkan, 2009: 12). 

Keskin ve ¢elikelôe (2023, s. 445) gºre Simmel, modern Berlin kentinde etnik ve dini 
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kºkeni nedeniyle ayrēĸtērēlan bir gruba mensuptur. Buradan hareketle Simmelôin hem 

toplumun i­inde hem de dēĸēnda olduĵu sºylenebilir. Bu durum onun sosyolojik bakēĸ 

a­ēsēnē da etkilemiĸtir. Dºneminde ­aĵdaĸlarēnēn makro sosyoloji tartēĸmalarēnēn aksine 

Simmel etkileĸim, formlar ve geometriyi teorisine eklemiĸ; metropol, moda, para ve 

gizlilik gibi kimsenin incelemeye deĵer gºrmediĵi konularē ele almēĸtērò (G¿rhan ve 

¢etin, 2025: 602). 

Simmelôin yaklaĸēmē, ºzellikle ĸehir halkē baĵlamēnda bireysel gºr¿nt¿ ve 

olaylarda modern hayatēn izini s¿rmekten ibaret olmuĸtur. Bu ­er­evede 

moderniteyi a­ēklamak i­in, ­ok sayēda sosyolojik, felsefi, k¿lt¿rel ve estetik 

makale ve kitap yazmēĸtēr. Tek tek olaylarēn, gºr¿nt¿lerin ve deneyimlerin 

arkasēndaki unsurlara dikkatlice bakēldēĵēnda modern toplumlara ºzg¿ ortak bir 

yaĸam tarzēnēn ortaya ­ēkmēĸ olduĵunu gºrmek m¿mk¿nd¿r. Simmel, 

modernliĵin kendine has ºzelliklerini aĵērlēklē olarak ĸehir sakinleri ¿zerinden 

b¿y¿k ĸehir hayatēnēn ºzellikleri, nevrastani ve para iliĸkileri olmak ¿zere ¿­ olgu 

¿zerinden ele almaktadēr (Seyyar ve Aysoy, 2023: 269).  

George Simmel i­in kent yaĸamē ve buradaki insanēn yaĸam pratikleri ºnemliydi. 

¥zellikle modern ­aĵ insanēnēn yarattēĵē bir yaĸam alanē olan kent onun temel araĸtērma 

alanlarēndan birini oluĸturmaktaydē. Simmel buradaki yaĸam ºr¿nt¿lerini meydana 

getiren modern insanēn duygu durumlarēnē da inceleme alanē i­ine almēĸtēr. Dolayēsēyla 

rasyonel bir dºnemde irrasyonel yºnelimler onun analizleri i­inde yer almaktaydē. 

ñGeorg Simmel ºzellikle kent ¿zerine yaptēĵē ­alēĸmalarēnda dºneminde rasyonalitenin 

karĸēsēna konumlanmēĸ ve inceleme alanēnēn dēĸēnda tutulmuĸ duygularē da analizlerine 

dahil etmiĸ ve kentli insanēn duygusal deĵiĸimini incelemiĸtirò (G¿rhan ve ¢etin, 2025: 

600).  

George Simmelôin ñParanēn Felsefesiò adlē eseri, orta­aĵdan g¿n¿m¿ze kadar paranēn 

deĵiĸen anlamē ve g¿n¿m¿zde y¿kselen bir deĵer haline gelmesi konusunu ele alēr. Eserin 

yarēsē paranēn bir deĵiĸim deĵeri olarak insan psikolojisindeki etkisi ¿zerine analizlere 

dayanērken, diĵer yarēsē bu deĵiĸim deĵerinin alēĸveriĸ ekonomisindeki g¿c¿n¿ ve 

modern dºnemde y¿kselen bir deĵer haline geliĸini anlatmaktadēr. Simmel, ºzellikle 

deĵiĸim ve takas ekonomisine baĵlē daha ilkel sosyal yapēlarda paranēn temsili deĵerinin 

tam olarak yapēlamadēĵēnē aktarēr. Zira ona gºre paranēn ger­ek g¿c¿n¿ ve temsil deĵerini 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΞΟ 
 

dengeleyebilmek i­in ­ok karmaĸēk bir zihinsel g¿ce ve tasarēma ihtiya­ vardēr. Ķlkel 

sosyal yapēlar ve karmaĸēk olmayan ekonomilerde bunun i­in gerekli alt yapē yoktur. 

Ķnsan zihni de buradaki ekonomik dºng¿de bu karmaĸēklēĵa ulaĸmēĸ deĵildir. Zaten bºyle 

karmaĸēk bir ekonomik dºng¿ye de gerek yoktur.  

En alt evre New Britain adasēndan bildirilen bir vakayla ºrneklendirilebilir. 

Burada yaĸayan yerliler deniz kabuklarēnē birbirine baĵlayarak, buna dewarra, 

yani para derler. Bu para lineer bir ºl­¿ye (mesela bir kol boyuna) gºre satēn 

almalarda kullanēlēr; balēk genellikle uzunluĵuna eĸit dewerraôyla ºdenir. Ķki 

metanēn eĸit ºl­¿lerinin eĸit deĵer olarak gºr¿ld¿ĵ¿ bir satēn alma bi­imi de tespit 

edilmiĸtir. Bºylece bir tahēl ºl­¿s¿ eĸit bir deniz kabuĵu deĵerindedir. Meta ile 

fiyatēn doĵrudan eĸitliĵi burada en tam ve yalēn ifadesini bulmuĸtur. Aralarēnda 

hi­bir niceliksel uyumun olmadēĵē deĵerlerin kēyaslanmasē daha geliĸmiĸ bir 

zihinsel s¿reci temsil eder (Simmel, 2014: 116). 

Simmelôe gºre paranēn bir sembolik deĵer olarak soyutlaĸmasē ve y¿kselen bir 

deĵer olarak kabul gºrmesi rasyonel akēl ­aĵēnēn baĸlamasē ile ger­ekleĸmiĸtir. Yaĸamēn 

kuĸatēcē ve kontrol edici g¿c¿ zeka ile ºzdeĸleĸtik­e para da bu dºng¿n¿n ekonomik 

belirleyicisi ve d¿zenleyicisi haline gelmiĸtir. Dolayēsēyla para ekonomisinin takas 

ekonomisinin ¿st¿ne ­ēkmasē, sosyal sistemlerde zekayla artan bir karmaĸēklaĸmayla 

birlikte geliĸmiĸtir. ñHayatēn esasēnda zekayē temel aldēĵē ve zekanēn pratik hayatēn i­inde 

zihinsel enerjilerimizin en deĵerlisi olarak kabul edildiĵi d¿ĸ¿ncesi, é bir para 

ekonomisinin b¿y¿mesiyle el ele gider. Zeka aynē zamanda, ticaret ve ºzellikle mali 

iĸlemler alanēnda da kuĸkuya yer bērakmayacak ºl­¿de egemendir. Entelekt¿el 

yeteneklerin ve soyut d¿ĸ¿ncenin geliĸmesi paranēn giderek tam bir sembol ve kendi i­kin 

deĵeri bakēmēndan ºnemsiz hale geldiĵi ­aĵē nitelerò (Simmel, 2014: 124). 

Y¿kselen akēl ­aĵē ile birlikte takas ekonomisi deĵiĸmiĸ paranēn sembolik 

deĵerinin insan zihnindeki anlamē da bir dºn¿ĸ¿me uĵramēĸtēr. Para baĸtaki ĸekliyle yani 

daha ilkel sosyal ve ekonomik yapēlanmalarda  taĸēdēĵē sembolik deĵerin ­ok daha soyut 

bir bi­imine modern akēl ­aĵēnda ulaĸmēĸtēr. Bu dºnemde de para sembolik bir deĵere 

sahiptir ancak karĸēlēk geldiĵi nesneler ­ok daha fazla artmēĸ gºstermiĸtir. Aynē zamanda 

modern akēl ­aĵēnda yeni bir insan tipi ortaya ­ēkmēĸtēr. Bu insan tipi her ĸeyi aklēyla 

ºl­en yeni modern insandēr. Bu ­aĵēn ekonomik dºng¿s¿nde her ĸeyin soyut bir deĵer 
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olan para karĸēsēnda eĸitlenmesi paranēn metal veya kaĵēt para olarak da anlamēnēn 

deĵiĸmesine neden olmuĸtur.  

Ger­ek d¿nyanēn ¿zerinde u­uĸan ve ĸ¿phesiz o d¿nyayē yºneten deĵerler d¿nyasē 

gºr¿n¿ĸte baĵlantēsēz olmakla birlikte, para tarafēndan ñsaf formòunda temsil 

ediliré Diĵer deĵer t¿rlerinin hi­biri bu bakēmdan ekonomik deĵerlerden daha 

elveriĸli bi­imde yerleĸmemiĸtir. Dini deĵerler rahiplerde ve kiliselerde, etik-

sosyal deĵerler yºnetimlerde ve devlet g¿c¿n¿n gºr¿lebilir kurumlarēnda, bilginin 

deĵerleri ise mantēk normlarēnda cisimleĸtirilir; fakat bunlarēn hi­biri ekonomik 

deĵerlerin somut olarak deĵerli nesnelerden ya da s¿re­lerden ayrēldēĵē kadar 

birbirinden ayrēlmaz; hi­biri somut olarak deĵerli nesnelerden ya da s¿re­lerden 

ekonomik deĵerlerden daha fazla ayrēlmaz; hi­biri deĵerin somut taĸēyēcēsēndan 

daha b¿t¿nl¿kl¿ deĵildir; hi­biri b¿t¿n deĵerler d¿nyasēnē bºylesine sadēk 

bi­imde yansētmaz (Simmel, 2014: 130, 131). 

D¿nyanēn modern dºnemdeki para dºng¿s¿ ve para ekonomisi takas ekonomisinden 

sonra paranēn diĵer nesnelerle denk ĸekilde gºr¿lmesiyle m¿mk¿n olabilmiĸtir. Karmaĸēk 

modern ekonomide m¿badele ara­larē diĵer dºnemlere kēyasla ­ok daha ºnemli bir 

ihtiya­ halinde gelmiĸtir. Dolayēsēyla paranēn bu ekonomik sistemdeki yaygēn kullanēmē 

onun sembol olarak b¿t¿n mallar ve deĵerler arasēndaki eĸitleme sembol¿ haline 

gelmesine neden olmuĸtur. Bu sembolik deĵer zamanla satēn alma g¿c¿n¿n ºnemi ile 

birlikte, m¿badele deĵerinin de ¿st¿nde baĸlē baĸēna bir deĵer haline gelmiĸtir. Para bir 

deĵiĸim aracē olarak nesneleri eĸitleyen ve ekonomik dºng¿ i­inde dengeleyen somut bir 

deĵer haline gelmiĸtir.  

Paranēn geliĸimi asla ulaĸēlamayan saf bir ekonomik deĵer sembol¿ idealine doĵru 

bir ­abalamadēr. En baĸta, hatērlamak durumunda olduĵumuz gibi, para b¿t¿n 

diĵer deĵer nesneleriyle aynē serilere aittir ve onun somut maddi deĵeri bunlarla 

dengelenir. M¿badele ara­larēna ve deĵer standartlarēna ihtiya­ duyulmasēyla 

birlikte, giderek deĵer eĸlikleri arasēndaki baĵlantē bu eĸitlikleri ifade eden bir 

sembole dºn¿ĸ¿r ve bºylece kendi m¿badelesinin deĵerinden daha da baĵēmsēz 

hale gelir. Gene de para, maddi ve ºze iliĸkin bir deĵer kalēntēsēnē baĸēndan 

atamaz. Bunu yapēsēnda olan nedenlerden ºt¿r¿ deĵil, ekonomik tekniĵin bazē 
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eksiklikleri nedeniyle yapamaz. Bunlarda biri parayla bir deĵiĸim aracē oluĸturma 

zorunluluĵudur (Simmel, 2014: 131).  

Simmelôe gºre para yaĸam akēĸē i­inde kullandēĵēmēz t¿m metalarla deĵiĸtirilebilir 

ve onlarla sembolik olarak eĸitlenebilir bir nesne olmasē itibariyle deĵerli ve ºnemlidir. 

Para soyut bir deĵiĸim aracē olarak toplumsal alanda herhangi bir zaman diliminde diĵer 

metalarēn deĵiĸim deĵerini temsil ettiĵinden kullanēm deĵeri itibariyle zamanēn ¿st¿nde 

bir ºneme sahiptir. Dolayēsēyla metalara bi­ilen roller ve onlarēn deĵeri ile artan veya 

azabilen onlarēn karĸēlēĵē bir sembol iken zamanla onlarēn ¿st¿nde bir deĵer haline gelir. 

Elimizde tutabildiĵimiz her zaman arzu edilen metalarēn karĸēlēĵēnē tanēmlayan ancak 

kullanmak zorunda kalmadēĵēmēz bir zenginlik, g¿vence kaynaĵē olarak metalarēn 

deĵerinin ¿st¿ne ­ēkar. Para bu yºn¿yle soyuttur, zamandan baĵēmsēz ĸekilde dolaĸēmda 

olan arz ¿r¿nlerinden daha deĵerlidir.  

B¿t¿n bu geniĸ metalar serisi ancak deĵerle, yani paraya m¿badele edilebiliré 

Paranēn soyut bir ara­ olarak saĵladēĵē se­me fērsatē sadece herhangi bir zamanda 

sunulan mallara deĵil, onun kullanēlabileceĵi tarihe de uygulanēr. Bir metanēn 

deĵeri, basit­e kullanēm momentindeki pratik ºnemiyle belirlenmez. Kullanēm 

zamanēnē se­me konusunda gºreli ºzg¿rl¿k, metaya bi­ilen deĵeri ºnemli ºl­¿de 

arttērabilen ya da azaltabilen bir faktºrd¿r. Bu tercih imkanlarēnēn birincisi farklē 

kullanēmlarēn bir arada var olmasēndan, ikincisi alternatif kullanēmlarēn zaman 

i­inde varoluĸundan kaynaklanēr. Diĵer her ĸey sabit kaldēĵēnda, doĵrudan 

kullanabileceĵim ama kullanmak zorunda olmadēĵēm meta daha deĵerlidir 

(Simmel, 2014: 191). Metal paranēn yerini giderek kaĵēt paranēn almasē ve ­eĸitli 

kredi formlarē ka­ēnēlmaz bi­imde paranēn karakterini etkiler. Bu durum kabaca 

kiĸisel iliĸkilerde birinin baĸkasē tarafēndan temsil edilmeye izin vermesi ve 

kiĸinin temsil edilen kadar itibarlē olmasēnē andērēr. Paranēn fonksiyonel deĵeri 

onun bir tºz olarak sahip olduĵu deĵeri aĸtēk­a paranēn yerine getirdiĵi gºrevler 

daha kapsamlē hale gelir, ­eĸitlenir ve paranēn dolaĸēm hēzē artar (Simmel, 2014: 

115).  

Simmelôe gºre modern ekonomide paranēn y¿kselen bir deĵer haline metalardan 

daha soyut, ­ok daha kapsamlē bir temsiliyet g¿c¿ne sahip olmasēdēr. Bir insanda paranēn 

varlēĵē sadece metalara ulaĸma g¿c¿n¿ ifade etmez. Bu metalara her an, her yerde ulaĸma 
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g¿c¿n¿n ¿st¿nde farklē bir ­ok hizmeti ve gºrevi yaptērabilme g¿c¿n¿ de temsil eder. Bu 

anlamda para sadece meta ile eĸitlenmiĸ bir deĵeri deĵil, her an ve her ĸekilde satēn alma 

g¿c¿n¿ temsil ettiĵinden bir zenginlik sembol¿d¿r. Ve bu onun t¿m nesne ve deĵerler 

¿st¿nde bir g¿­ haline gelmesine neden olmuĸtur.  

ñParanēn, belirli bir kategorinin bir ºrneĵini kolaylēkla tedarik edebilme imkanē, 

bu kez nesneyi para karĸēsēnda deĵersizleĸtirir, para nesnenin ¿zerinde hakim bir 

g¿­ olarak ortaya ­ēkar; buna karĸē bir b¿t¿n olarak nesne sēnēfēnēn ºnemi parayla 

ºl­¿lemez ve paraya nazaran o, tek bir ºrneĵin kolayca elde edilebileceĵi, ­oĵu 

kez dikkatimizden ka­an baĵēmsēz bir deĵere sahiptir. Ne var ki, pratik ekonomik 

­ēkarlarēmēz neredeyse sadece tekil birimlerde ya da sēnērlē sayēda birimde kaldēĵē 

i­in, nesneler karĸēsēnda diĵer duygumuz ºl­¿s¿n¿ parada bulmaya meyyaldir. 

Ama bu, belirgin bi­imde, elde metalarē bulundurmaktansa para bulundurma 

hususundaki aĵērlēklē menfaatle karĸēlēklē etkileĸim i­indedir (Simmel, 2014: 195). 

Modern ­aĵda karmaĸēklaĸmēĸ bir ekonomik sistemde paranēn soyut, zamandan baĵēmsēz 

ve evrensel olan bu temsiliyeti en b¿y¿k g¿­ haline gelmiĸtir. Bu ­er­evede para sadece 

metalara ulaĸma aracē deĵil, her daim her hizmeti ve ¿r¿n¿ alabilme g¿c¿, zamandan 

baĵēmsēz bir satēn alma imkanē ile bir prestij nesnesi haline de gelmiĸtir. Dolayēsēyla 

zaman ve mekandan baĵēmsēz ĸekilde paranēn varlēĵē zaten en baĸta bir potansiyel olarak 

en b¿y¿k g¿­ ve prestij gºstergesidir. Bu yºn¿yle de modern ­aĵda para y¿kselen 

deĵerlerin bir­oĵunun ¿st¿ne ­ēkmēĸtēr. ñSaf bir enstr¿man olarak para spesifik bir 

kullanēm i­in hi­bir spesifik niteliĵe sahip olmadēĵē, sadece bir somut deĵerler elde etme 

aracē olduĵu ve parayē kullanma fērsatē herhangi bir zamanda herhangi bir nesne i­in sºz 

konusu olan kadar b¿y¿k olduĵu i­in, onlarēn m¿mk¿n en y¿ksek sentezini temsil ederò 

(Simmel, 2014: 192). 

Deĵiĸen  deĵer anlayēĸē i­inde modern dºnemde paranēn nasēl y¿kselen bir 

g¿­ haline geldiĵini ve deĵerler skalasē i­inde en y¿kseĵe ­ēktēĵēnē gºsteren en 

­arpēcē araĸtērmalardan biri psikolog Jean Twengeôin gen­ler ¿zerine yaptēĵē 

nesiller araĸtērmasēdēr. Twenge yaptēĵē araĸtērmada modern ­aĵda paranēn 

Amerikan gen­liĵinin deĵer anlayēĸēnda neredeyse zirvedeki rakipsiz tek g¿­ 

olduĵunu ortaya koymaktadēr. ñ1976ôda lise son sēnēf ºĵrencilerinin %16ôsē ñ­ok 

paraya sahip olmakò ifadesi i­in ñson derece ºnemlidirò se­eneĵini iĸaretlemiĸti. 
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Bu oran 2006ôda %26ôya ulaĸtē. Lise ºĵrencileri ñiyi maaĸlē bir iĸe sahip olmakò 

ifadesinin ñahlaklē ve onurlu olmakò ifadesinden daha ºnemli olduĵunu 

sºylediler. Pew Araĸtērma Merkezi kēsa bir s¿re ºnce 18-25 yaĸ arasēndakilere 

kuĸaklarēnēn en ºnemli hedeflerini sorduĵunda %81ôi ñzengin olmakò dedi. Bu 

oran ñihtiyacē olanlara yardēm etmekò diyenlerin iki katēndan fazla ñbir toplulukta 

lider olmakò diyenlerin dºrt katē ve ñdaha ­ok manevi deĵerlere sahip olmakò 

diyenlerinse sekiz katēydē. 1967ôde ¿niversite birinci sēnēf ºĵrencilerinin %45ôi 

ñmaddi olarak iyi duruma gelmekò ºnemlidir demiĸken bu sayē 2006ôda %75ôe 

y¿kseldié 90ôlē yēllarēn sonlarēnda Amerikalēlar ayakkabēlara m¿cevhere ve 

saatlere (80 milyar dolar) y¿ksek eĵitimden (65 miyar dolar) daha fazla para 

harcadēlar. 20 yaĸ altē kēzlar %98 gibi inanēlmaz bir oranda en sevdikleri faaliyetin 

alēĸveriĸ yapmak olduĵunu sºyl¿yor (Twenge, 2010: 231). 

 

 

 

Kaynak: 

Aydēn, ¥, D, (2014), ñParanēn Felsefesiò, ¢eviri: Yavuz Alogan, ¥yk¿ Didem Aydēn, 

Ķthaki Yayēnlarē, Ķstanbul 

G¿rhan, N, ¢etin, A, (2025), ñ¥zg¿rl¿kten Bēkkēnlēĵa: George Simmelôin Sosyolojik 

Perspektifinde Kent ve Duygu Ķliĸkisiò, Gaziantep University Journal Of Social 

Science, Volume: 24, Issue: 2 

Seyyar, A, Aysoy, M, (2023), ñGeorge Simmelôin ķehir Sosyolojisi Baĵlamēnda 

Modern Topluma Yºnelik D¿ĸ¿nceleriò, HakĶĸ Uluslar arasē Emek ve Toplum Dergisi, 

Cilt: 12, Yēl: 12, Sayē: 33 

Simmel, G, (2014),  Paranēn Felsefesiò, ¢eviri: Y. Alogan, ¥. D. Aydēn, Ķthaki Yayēnlarē, 

Ķstanbul 

Twenge, J, C, (2010), ñAsrēn Vebasē Narsisizm Ķlletiò, ¢eviri: ¥z. Korkmaz, Kakn¿s 

Yayēnlarē, Ķstanbul 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΞΥ 
 

MᴄKTᴄBĶN ĶDARᴄ OLUNMASINDA ¥Z¦N¦AUDĶTĶN ROLU 

 

THE ROLE OF SELF-AUDITION IN SCHOOL MANAGEMENT 

Nazile Abdullazade 

associate professor 

Azerbaijan State Pedagogical University 

pedaqogika ¿zrᴅ fᴅlsᴅfᴅ doktoru, dosent 

Azᴅrbaycan Dºvlᴅt Pedaqoji Universiteti 

http://ORCĶD.org/0000-0002-1829-7178 

nazile.s.m.d@mail.ru 

 

¥ZET 

Audit bir tᴅĸkilatēn (bu halda mᴅktᴅbin) fᴅaliyyᴅtinin m¿ᴅyyᴅn edilmiĸ meyarlara, 

qanunvericiliyᴅ vᴅ ya daxili qaydalara nᴅ dᴅrᴅcᴅdᴅ uyĵun olduĵunu m¿stᴅqil ĸᴅkildᴅ 

yoxlamaq vᴅ qiymᴅtlᴅndirmᴅk prosesidir. Mᴅktᴅb kontekstindᴅ audit maliyyᴅ auditi ī  

mᴅktᴅbin maliyyᴅ sᴅnᴅdlᴅrinin, xᴅrclᴅrinin vᴅ gᴅlirlᴅrinin d¿zg¿nl¿y¿n¿n yoxlanēlmasē, 

inzibati audit ī idarᴅetmᴅ proseslᴅrinin, sᴅnᴅd dºvriyyᴅsinin vᴅ kadr siyasᴅtinin 

effektivliyinin qiymᴅtlᴅndirilmᴅsi, tᴅhsil auditi ī tᴅlim-tᴅrbiyᴅ prosesinin keyfiyyᴅtinin, 

nᴅticᴅlᴅrinin, kurikulumun tᴅtbiqinin vᴅ m¿ᴅllim heyᴅtinin iĸinin qiymᴅtlᴅndirilmᴅsini 

ehtiva edir.   

¥z¿n¿audit isᴅ mᴅktᴅbin ºz daxili heyᴅti tᴅrᴅfindᴅn hᴅyata ke­irilᴅn, ºz fᴅaliyyᴅtinin 

g¿cl¿ vᴅ zᴅif tᴅrᴅflᴅrini m¿ᴅyyᴅn etmᴅk ¿­¿n aparēlan sistemli tᴅhlil vᴅ qiymᴅtlᴅndirmᴅ 

prosesidir. ¥z¿n¿audit mᴅktᴅbin ºz ehtiyaclarēnē vᴅ inkiĸaf sahᴅlᴅrini aĸkar etmᴅsinᴅ 

kºmᴅk edir, xarici auditᴅ daha yaxĸē hazērlaĸmaĵa imkan verir, tᴅhsil prosesinin vᴅ 

idarᴅetmᴅnin keyfiyyᴅtini davamlē olaraq yoxlamaĵa vᴅ yaxĸēlaĸdērmaĵa ĸᴅrait yaradēr. 

¥z¿n¿audit adᴅtᴅn daha ­evik olur vᴅ mᴅktᴅbin inkiĸaf planēnēn hazērlanmasēnda ᴅsas rol 

oynayēr. 

¦mumtᴅhsil mᴅktᴅblᴅrindᴅ ºz¿n¿adit sistemi qanunvericilikdᴅ q¿vvᴅdᴅ olan nºrmativ-

h¿quqi sᴅnᴅdlᴅr ᴅsasēnda tᴅĸkil olunur vᴅ aparēlēr. ¥z¿n¿audit qurumunun yaradēlmasē 

m¿mk¿nl¿y¿ q¿vvᴅdᴅ olan hᴅm qlobal, hᴅm dᴅ ºlkᴅmiqyaslē normativ-h¿quqi sᴅnᴅdlᴅr, 

o c¿mlᴅdᴅn standartlar ᴅsasēnda tᴅĸkil edilmᴅsi vᴅ aparēlmasēnē diqqᴅt mᴅrkᴅzindᴅ olur. 

ñ¥z¿n¿audit mᴅktᴅbdaxili nᴅzarᴅti g¿clᴅndirmᴅk, mºvcud q¿vvᴅlᴅri sᴅfᴅrbᴅr etmᴅklᴅ 

tᴅhsildᴅ keyfiyyᴅtin tᴅminatēna nail olmaq ¿­¿n: ĸᴅrtlᴅrᴅ vᴅ standartlara uyĵunluq; 

tᴅlᴅblᴅrin ºdᴅnilmᴅsi; mᴅqsᴅdlᴅrᴅ uyĵunluq; davamlē uĵur; inkiĸaf etdirilᴅn proqram; 

nᴅzᴅrdᴅ tutulan mᴅsᴅlᴅlᴅri nºqsansēz yerinᴅ yetirmᴅ; ºl­¿lᴅ bilᴅn standart; istifadᴅyᴅ 

uyĵunluq kimi bir sēra ºhdᴅliklᴅri hᴅdᴅflᴅyir. ¥z¿n¿audit ¿mumtᴅhsil mᴅktᴅblᴅrinin idarᴅ 

olunmasēnēn keyfiyyᴅt gºstᴅricisi, tᴅhsilin keyfiyyᴅtinin y¿ksᴅldilmᴅsi vasitᴅlᴅrindᴅn 

biridirò.  
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Azᴅrbaycan tᴅhsil sistemindᴅ ºz¿n¿audit tᴅcr¿bᴅsi T¿rkiyᴅ vᴅ Rusiya tᴅcr¿bᴅsi ᴅsasēnda  

m¿qayisᴅ edilᴅrᴅk tᴅkmillᴅĸdirilir. Xarici ºlkᴅlᴅrdᴅ ºz¿n¿audit modellᴅri ilᴅ tanēĸlēq ºzᴅl 

mᴅktᴅblᴅrdᴅ bu prosesin tᴅĸkili vᴅ hᴅyata ke­irilmᴅsinᴅ imkan verir. Bu mᴅnada ºzᴅl 

mᴅktᴅblᴅrdᴅ ºz¿n¿audit tᴅhsilin keyfiyyᴅtinin y¿ksᴅlmᴅsinᴅ daha ciddi tᴅsir edir vᴅ 

valideynlᴅrin uĸaqlarēnēn ºzᴅl mᴅktᴅblᴅrdᴅ oxumalarēna ¿st¿nl¿k vermᴅlᴅri sᴅbᴅbi dᴅ 

bununla baĵlēdēr.  

¥z¿n¿audit mᴅktᴅbin idarᴅdilmᴅsindᴅ tᴅhsilin vᴅ tᴅrbiyᴅnin keyfiyyᴅtinᴅ tᴅsir etmᴅklᴅ 

yanaĸē, bu prosesdᴅ ­atēĸmazlēqlar da ºz¿n¿ gºstᴅrir. Belᴅ ki: 

ī  audit vᴅ ºz¿n¿audit sistemindᴅ ᴅzarᴅtin real tᴅhsil prosesinin keyfiyyᴅtinᴅ vᴅ 

ĸagirdlᴅrin bilik sᴅviyyᴅsinin dᴅrinliyinᴅ deyil, sᴅnᴅdyºn¿ml¿l¿y¿ᴅ kºklᴅndiyi  

mᴅlumdur; 

ī  m¿ᴅllimlᴅr vᴅ rᴅhbᴅr ĸᴅxslᴅr  ºz¿n¿audit prosesinᴅ cᴅlb olunduqda tᴅdrisdᴅn yayēnma 

hallarē baĸ verir; 

ī  auditin nᴅticᴅlᴅri ᴅsasēnda irᴅli s¿r¿lᴅn tºvsiyᴅlᴅrin tᴅtbiqi ¿­¿n adekvat mexanizmlᴅrin 

olmamasē; 

ī  bᴅzᴅn audit nᴅticᴅlᴅrindᴅn nºqsanlarē d¿zᴅltmᴅk, inkiĸafa tᴅkan vermᴅk ᴅvᴅzinᴅ, cᴅza 

vasitᴅsi kimi istifadᴅ olunur vᴅ s 

A­ar sºzlᴅr: mᴅktᴅb, audit, ºz¿n¿audit, prinsiplᴅr, tᴅhsil, tᴅrbiyᴅ, keyfiyyᴅt.  
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¥ZET 

Bu ­alēĸma, edebiyat turizmi olgusunu Ahmet ¦mitôin romanlarēndaki Ķstanbul tasvirleri 

¿zerinden ele almakta ve bu tasvirlerin turizm geliĸimi a­ēsēndan taĸēdēĵē potansiyeli 

ortaya koymayē ama­lamaktadēr. Edebiyat turizmi, yazarlara, kurgusal karakterlere veya 

edebi eserlere konu olan mek©nlarēn ziyaret edilmesi olarak tanēmlanmakta ve k¿lt¿rel 

miras turizminin alt dallarēndan biri olarak deĵerlendirilmektedir. Uluslararasē literat¿rde 

bu kavram; yazar odaklē turizm, kurgu odaklē turizm, festival ve etkinlik temelli turizm 

gibi ­eĸitli tipolojilerle sēnēflandērēlmaktadēr. Bu ­alēĸma, sºz konusu tipolojilerden 

ºzellikle kurgu ve yazar odaklē turizm boyutuna odaklanmaktadēr. ¢alēĸmada, Ahmet 

¦mitôin Ķstanbul Hatērasē, Beyoĵlu Rapsodisi ve diĵer eserlerinde ge­en mek©nlarēn 

tematik ve mek©nsal iĸlevleri analiz edilmiĸtir. ¦mitôin eserlerinde Ķstanbul yalnēzca bir 

arka plan deĵil, anlatēnēn adeta bir karakteri olarak kurgulanmakta; tarihi yarēmadadan 

Beyoĵluôna, surlardan mezarlēklara kadar uzanan ­ok sayēda mek©n olay ºrg¿s¿n¿n 

akēĸēnē belirleyen ana unsurlar h©line gelmektedir. Bu anlatēlarēn, edebiyatseverler i­in 

bir ñedebi rotaò oluĸturduĵu ve okurun mek©nla kurduĵu duygusal baĵē g¿­lendirdiĵi 

gºr¿lmektedir. ¢alēĸma, bu mek©nlarēn edebiyat turizmi kapsamēnda deĵerlendirilerek 

turistik ¿r¿nlere dºn¿ĸt¿r¿lmesinin Ķstanbulôun destinasyon markalaĸmasēna katkē 

sunabileceĵini tartēĸmaktadēr. Edebi y¿r¿y¿ĸ rotalarē, dijital haritalar, sesli rehberler ve 

tematik turlar gibi uygulamalarēn geliĸtirilmesinin k¿lt¿rel turizm ­eĸitliliĵini 

zenginleĸtireceĵi vurgulanmaktadēr. Ayrēca, bu t¿r bir geliĸimin yalnēzca turizm 

gelirlerini artērmakla kalmayēp, kentin k¿lt¿rel mirasēnēn korunmasēna da katkē 

saĵlayabileceĵi ºne s¿r¿lmektedir. Sonu­ta, yerel yºnetimler, turizm iĸletmeleri ve 

k¿lt¿rel kurumlar arasēnda kurulacak iĸ birliĵinin s¿rd¿r¿lebilir turizm politikalarēyla 
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uyumlu olmasē gerektiĵi savunulmakta; Ķstanbulôun hem edebiyatseverler hem de genel 

ziyaret­iler i­in daha anlamlē ve deneyim odaklē bir destinasyona dºn¿ĸmesi 

hedeflenmektedir. 

Anahtar Kelimeler :  Edebiyat Turizmi, Ahmet ¦mit, Ķstanbul, Mekansal Kurgu 
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ABSTRACT 

This research looks at the literary depiction of Istanbul in the novels of Ahmet ¦mit and 

attempts to illustrate the opportunities these representations offer for developing tourism. 

In the international 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 tourism, 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 spatial aspects of places in ¦mit's works, such as 

Ķstanbul Hatērasē and Beyoĵlu Rapsodisi. These novels present a very different inclusion 

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 story, with the historic 

peninsula, Beyoĵlu, the city walls and even the mosaics of the city tombs forming the 

bones of the narrative. Such visions of a city create for the reader a form of óliterary 

journeyô, a stimulation of the mind that arises from a deep emotional connection to the 

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 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΟΞ 
 

proposal suggests developing literary walking routes, digital 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. Finally, the 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 non-literary tourists, with an experience-rich destination. 

Keywords: Literary Tourism, Ahmet ¦mit, Istanbul, Spatial Narrative 
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¥ZET 

Bir zamanlar hayvancēlēk, tarēm ve mevsimlik gº­lerle s¿rd¿r¿len kendi kendine yeterli 

bir yaĸam bi­iminin temsili olan yayla k¿lt¿r¿, g¿­l¿ toplumsal baĵlar ve kºkl¿ bir tarih 

bilinciyle desteklenmekteydi. Bu ­alēĸma, geleneksel yayla k¿lt¿r¿n¿n son yēllarda 

turistik destinasyonlara dºn¿ĸ¿m s¿reciyle birlikte ¿retim ve yaĸam odaklē iĸlevini 

yitirmesini irdelemekte ve agroturizmin bu k¿lt¿r¿n canlandērēlmasēndaki potansiyel 

rol¿n¿ incelemeyi ama­lamaktadēr. Yayla k¿lt¿r¿ ge­miĸte hayvancēlēk, tarēm ve 

mevsimlik gº­ pratikleri etrafēnda ĸekillenen, g¿­l¿ toplumsal dayanēĸma ve k¿lt¿rel 

hafēza barēndēran bir yaĸam bi­imiydi. Ancak yaylalarēn turizm baskēsē altēnda rekreasyon 

ve kēsa s¿reli ziyaret alanlarēna dºn¿ĸmesi, k¿lt¿rel mirasēn aktarēmēnda kesintilere yol 

a­maktadēr. ¢alēĸmada nitel bir yaklaĸēm benimsenmiĸ; ºncelikle agroturizm kavramē ve 

literat¿rdeki tanēmlarē incelenmiĸ, ardēndan agroturizmin yaylalarda uygulanabilecek 

etkinlikler ¿zerinden yerel topluluklara saĵlayacaĵē ekonomik ve sosyo-k¿lt¿rel katkēlar 

deĵerlendirilmiĸtir. Bulgular, agroturizmin yalnēzca turistik bir ¿r¿n deĵil, aynē zamanda 

k¿lt¿rel mirasēn korunmasē ve kērsal kalkēnmanēn desteklenmesi i­in ºnemli bir ara­ 

olduĵunu gºstermektedir. Bu doĵrultuda, agroturizm uygulamalarē yaylalarēn yalnēzca 

turistik cazibe merkezleri olmaktan ­ēkēp yaĸayan k¿lt¿rel mekanlar olarak varlēĵēnē 

s¿rd¿rmesine katkēda bulunabilir. Sonu­ olarak, planlama s¿re­lerinde paydaĸ iĸ birliĵi, 

ekolojik denge ve taĸēma kapasitesi dikkate alēnarak s¿rd¿r¿lebilir turizm politikalarēnēn 

geliĸtirilmesi ºnerilmektedir. 

Anahtar Kelimeler :  Agroturizm, Yayla K¿lt¿r¿, Kērsal Turizm, K¿lt¿rel Miras 
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ABSTRACT 

The remaining cultural highlands of the world used to embody a holistic, self-sufficient 

cycle of life formed around pastoralism, agricultere, seasonal movements, strong social 

relations, and a vivid memory of their past. This particular work focuses on the loss of 

the productive and sustenance-generating dimensions of traditional highland culture, 

which has increasingly become touristic destinations 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 shallow short-therm tourism, erode the transmission of 

other peopleôs cultural legacies. This study utilized qualitative methods; initially 

analyzing agritourism and its associated concepts in available literature, then gauging 

possible economic and socio-cultural 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 changing 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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¥ZET 

Anadoluônun en eski uygarlēklarēndan biri olan Hititler, sosyal ve k¿lt¿rel yaĸamda 

bēraktēklarē izlerle g¿n¿m¿z Anadolu k¿lt¿r¿n¿n oluĸumuna ºnemli katkēlar saĵlamēĸtēr. 

Hititlerden sonra Anadolu farklē uygarlēklarēn etkisi altēna girmiĸ olsa da, Hitit k¿lt¿r¿ne 

ait bazē gelenekler halk tarafēndan i­selleĸtirilmiĸ, kuĸaktan kuĸaĵa aktarēlmēĸ ve 

g¿n¿m¿ze kadar varlēĵēnē korumuĸtur. Bu ­alēĸmanēn amacē, Hititlerin evlilik 

geleneklerini g¿n¿m¿z Anadolu k¿lt¿r¿yle karĸēlaĸtērmalē olarak incelemek ve rit¿el 

ºĵelerin estetik bir boyut kazanarak s¿reklilik gºsterdiĵini ortaya koymaktēr. Araĸtērmada 

etnografik yºntemlerden tarihsel yºntem kullanēlmēĸtēr. Tarihsel yºntem; ge­miĸte 

meydana gelen olay, olgu ve durumlarēn eleĸtirel bir bakēĸla incelenmesini, 

yorumlanmasēnē ve sentezlenmesini saĵlayarak bilgi ¿retmeyi hedefler. Bu baĵlamda 

Hitit dºnemine ait evlilik rit¿elleri yazēlē belgeler, arkeolojik bulgular ve ikonografik 

veriler ¿zerinden deĵerlendirilmiĸ; g¿n¿m¿z Anadolu d¿ĵ¿n gelenekleriyle 

karĸēlaĸtērēlmēĸtēr. Elde edilen bulgular, Hititlerden g¿n¿m¿ze uzanan belirli geleneklerin 

s¿rekliliĵini gºstermektedir. Gelinin baba evinden davul ve zurna eĸliĵinde uĵurlanmasē, 

evlilik tºrenlerinde ko­ ya da boĵa adama geleneĵi, ñbeĸik kertmesiò uygulamasē, kēz 

isteme ve niĸan merasimi, ñi­ g¿veysiò olarak adlandērēlan damadēn kēz ailesinin yanēnda 

yaĸamasē, baĸlēk parasē, d¿ĵ¿n gecesinde geline takē ve gerdanlēk takēlmasē gibi unsurlar 

dikkat ­ekmektedir. Bu rit¿eller, Anadolu toplumunda hem sosyal iliĸkileri d¿zenleyen 

hem de sanatsal ve estetik boyut kazanan k¿lt¿rel pratikler olarak karĸēmēza ­ēkmaktadēr. 

Sonu­ olarak, Hititlerden g¿n¿m¿ze aktarēlan evlilik gelenekleri, Anadolu coĵrafyasēnda 

k¿lt¿rel belleĵin s¿rekliliĵini gºstermektedir. Bu ­alēĸma, evlilik rit¿ellerinin yalnēzca 

toplumsal bir kurum olarak deĵil, aynē zamanda estetik ve sanatsal bir ifade bi­imi olarak 

da deĵerlendirilmesi gerektiĵini ortaya koymaktadēr. 

Anahtar Kelimeler:  Hititler, Anadolu K¿lt¿r¿, Evlilik Gelenekleri, Rit¿el, Estetik.  
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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 RussiaïIran cooperation through the lens of energy 

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 architecture 

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 government reports 

from Russian and Iranian sources. Secondary data is drawn from peer-reviewed journal 

articles, expert policy analyses, and energy market databases. The study is theoretically 

underpinned by the concepts of neo-realism and resource geopolitics, providing 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 infrastructure development. 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. dominance in the region, 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 RussiaïIran geopolitical strategy in the Middle East. Their collaboration 

represents a convergence of strategic autonomy, anti-Western alignment, and shared 

interests in shaping a multipolar regional order. The study concludes that this partnership 

is likely to endure and expand, particularly as global energy competition intensifies and 

traditional alliances continue to fragment in the wake of shifting geopolitical currents. 

Keywords 

RussiaïIran Relations; Energy Diplomacy; Geopolitical Strategy; Middle East Security; 

Neo-Realism
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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 activities 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 determine participantsô motivations for participating in 

recreational activities, the "Recreational Activity Motivation Scale (RAMS)" was used, 

while the "Recreational Awareness Scale (RAS)" was employed to assess their level of 

recreational awareness. The study population consisted of students at Sel­uk University, 

and the sample included students who regularly participated in recreational activities 

during the 2025ï2026 academic year. A total of 412 individuals participated in the 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 across variables, t-tests 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 tools, and that 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 also lead 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 decisions regarding identity, career, social relationships, and 

lifestyle. The habits acquired during this period form the foundation for behavioral 

patterns that may persist throughout oneôs life. The time young adults spend in a 

university setting is viewed as a crucial context in shaping these patterns. In particular, 

leisure time usage and the recreational activities carried out during this time significantly 

influence individualsô psychological well-being, level of social interaction, and overall 

life satisfaction (Arnett, 2000; Caldwell, 2005; Mannell & Kleiber, 1997). 

Given the considerable impact of recreational activities on young individualsô 

development, it is essential to examine the forms of participation and the psychological 

variables that drive such participation. 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 amotivation. 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; 

Vallerand, 1997). Understanding the type of motivation that drives young adultsô 

engagement in activities 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 of these concepts on quality of 

life (Ekinci & ¥zdilek, 2019). Awareness is not limited to merely participating in an 

activity; it also includes recognizing the social, psychological, and physical benefits of 

the activity and the ability to integrate these benefits into oneôs daily life. A high level of 

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). Therefore, a mutually reinforcing relationship between 

awareness and motivation levels is noteworthy.  

In this context, identifying the relationship between university studentsô motivation to 

participate in recreational activities and their level of awareness regarding these 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 recreational activities. In line 

with the purpose of the study, the following research questions were addressed:  

¶ Do participantsô demographic variables lead to significant differences in the 

measurement tools?  
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¶ Is there a significant relationship between the measurement tools?  

 

 

2. METHOD  

2.1.Research 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 design was employed. The correlational 

survey model is commonly used to identify the fundamental relationship between two or 

more variables (B¿y¿kºzt¿rk, 2014). 

2.2.Population and Sample 

The population of the study consisted of university students enrolled at Sel­uk University 

during the 2025ï2026 academic year. In that academic year, Sel­uk University had a total 

of 69,178 actively enrolled students. To represent the population with 95% confidence 

and a 5% margin of error, the minimum required sample size was calculated 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 participants. A convenience 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 % 

Gender 
Female 217 52,6 

Male 195 47,4 

Type of Participation in Recreational Activities 
Active 188 45,7 

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. 

2.3.Data Collection Instruments 

In the study, a personal information form developed by the researchers included the 

variables of gender and type of participation in recreational activities (activeïpassive). 

To assess participantsô recreational awareness levels, the Recreational Awareness Scale 

(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 developed by Ekinci and ¥zdilek (2019) 

and consists of three subdimensions: Self-Development, Social-Success, and Pleasure-

Fun. The scale includes 41 items and follows a 5-point Likert-type structure ranging from 
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ñ1 = Strongly Agreeò to ñ5 = Strongly Disagree.ò In this study, the Cronbach's alpha 

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. (2024) and includes 38 items across four subdimensions: Intrinsic Motivation, 

Benefit, Amotivation, and Extrinsic Motivation. The scale also uses a 5-point Likert 

format ranging from ñ1 = Strongly Disagreeò to ñ5 = Strongly Agree.ò The Cronbach's 

alpha coefficients for this scale ranged from .75 to .89. 

2.4.Data 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 values ranged between +1.5 and -1.5, 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 independent samples t-test was applied. Additionally, the relationship 

between the two measurement tools was examined using Pearson correlation analysis. 

3. FINDINGS  

Table 2. Independent Samples t-Test Results by Gender Variable 

Measurement Instruments Gender n x Ss t p 

RAS ï Pleasure and Fun 
Female 217 3,45 0,52 

1,14 0,001* 
Male 195 3,08 0,70 

RAS ï Social and Success 
Female 217 3,35 0,82 

0,84 0,003* 
Male 195 3,03 0,94 

RAS ï Self-Development 
Female 217 3,69 0,60 

-0,24 0,000* 
Male 195 3,36 0,48 

RAPMS ï Intrinsic Motivation 
Female 217 3,59 0,67 

1,86 0,003* 
Male 195 3,34 0,79 

RAPMS ï Benefit 
Female 217 3,16 0,86 

-0,66 0,002* 
Male 195 3,01 0,99 

RAPMS ï Amotivation 
Female 217 3,24 0,83 

0,71 0,054 
Male 195 3,03 0,91 

RAPMS ï Extrinsic 

Motivation 

Female 217 3,46 0,74 
-0,46 0,002* 

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 Scale (p<0.05). Regarding the subdimensions of the 

Recreational Activity Participation Motivation Scale, no significant difference was found 

in the ñAmotivationò subdimension (p>0.05), whereas significant differences were 

identified in the other subdimensions (p<0.05). 

 

 

Table 3. T-Test Results Based on Type of Participation in Recreational Activities 

Measurement 

Instruments 

Type of Participation in Recreational 

Activities 
n x Ss t p 

RAS ï Pleasure and Fun 

Active 
18

8 

3,6

5 

0,5

5 
1,23 

0,009

*  
Passive 

22

4 

3,2

1 

0,7

2 

RAS ï Social and 

Success 

Active 
18

8 

3,2

4 

0,8

3 
1,24 

0,001

*  
Passive 

22

4 

3,0

9 

0,9

1 

RAS ï Self-Development 

Active 
18

8 

3,6

7 

0,6

2 
0,87 

0,000

*  
Passive 

22

4 

3,4

8 

0,7

9 

RAPMS ï Intrinsic 

Motivation 

Active 
18

8 

3,7

7 

0,6

8 
0,86 

0,002

*  
Passive 

22

4 

3,4

1 

0,8

0 

RAPMS ï Benefit 

Active 
18

8 

3,3

7 

0,8

8 -

0,49 

0,003

*  
Passive 

22

4 

3,2

4 

0,9

5 

RAPMS ï Amotivation 

Active 
18

8 

3,4

2 

0,7

5 -

0,20 
0,066 

Passive 
22

4 

3,3

6 

0,9

0 

RAPMS ï Extrinsic 

Motivation 

Active 
18

8 

3,4

5 

0,6

0 
1,68 

0,001

*  
Passive 

22

4 

3,1

2 

0,7

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 Scale (RAPMS), 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 

RAS ï Pleasure and Fun 
R 1             

P               

RAS ï Social and Success 
R .421 1           

P .001**             

RAS ï Self-Development 
R 0,424 .601 1         

P .000** .004**           

RAPMS ï Intrinsic 

Motivation 

R .316 .647 .562 1       

P .000** .001* .000**         

RAPMS ï Benefit 
R .318 .663 .603 .615 1     

P .000** .003* .000** .000**       

RAPMS ï Amotivation 
R .455 .628 .675 .512 .482 1   

P .000** .000* .000* .000* .000*     

RAPMS ï Extrinsic 

Motivation 

R .466 .671 .710 .482 .671 .663 1 

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 engage in recreational 

activities, significant differences were found in all subdimensions of the Recreation 

Awareness Scale (RAS) and the Recreation Activity Participation Motivation Scale 

(RAPMS)ðexcept for the ñAmotivationò subdimensionðbased on the gender variable 

(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 women have a higher level 

of awareness regarding the outcomes of participating in recreational activities than men. 

In a study conducted by Satēlmēĸ et al. (2022), a significant difference was found between 

gender and recreation awareness, with female participants showing higher awareness than 

males. Similarly, Cºhce et al. (2022) found that female participants scored higher in the 

subdimensions of self-development, social-success, and pleasure-fun compared to male 

participants. On the contrary, there are also studies in the literature reporting no 

significant differences between gender and recreation awareness (Ayyēldēz Durhan et al., 

2022; B¿lb¿l et al., 2021). In another study by Karakaya and Akg¿l (2025), which 

investigated the effect of recreational activity motivation 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 findings, Demir and ¢etin (2023), in a study examining the motivation 
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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 participation 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 

ñAmotivationò subdimension (Table 3). According to the study findings, young adults 

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 fact that 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 determine adolescents' 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 correlation results 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 characteristicsðparticularly gender and type of participation 

in recreational activitiesðshowed significant differences in terms of the measurement 

instruments. It was found that female participants and those who actively engaged in 

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 particular, strong 

correlations were observed between the subdimensions of ñPleasureïFun,ò ñSocialï

Achievement,ò and ñSelf-Developmentò and the subdimensions of ñIntrinsic Motivationò 

and ñExtrinsic Motivation.ò  

In conclusion, as recreation awareness increases, motivation to participate 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 diversified to enhance 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 students, volunteer-

based and club-based 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 experiences among young individuals with gambling disorder and the role of 

recreational activities in the recovery process within the framework of Self-Determination 

Theory. The study employed a phenomenological design, conducting semi-structured 

interviews with 9 participants (aged 18-35) recruited through snowball sampling. Data 

were analyzed using Braun and Clarke's six-phase thematic analysis approach within the 

MaxQDA software. The analysis yielded five themes: "Leisure Richness," "Digital Drift," 

"Social Disconnection," "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 characterized 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 activities were identified. The Recreational Recovery Model in Gambling 

Addiction (RRMGA) developed as a result of this research suggests that Self-

Determination Theory-based recreational interventions can be utilized in gambling 

disorder treatment. 

Keywords: Recreation, Leisure, Self-Determination Theory, Recreational Recovery 

Model in Gambling Addiction, Young adults 
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Kumar Baĵēmlēlēĵē S¿recinde Rekreasyon ve Serbest Zaman Deneyimlerinin 

Deĵiĸimi: Fenomolojik Bir Araĸtērma 

¥ZET 

Kumar baĵēmlēlēĵē g¿n¿m¿zde hēzla artan bir halk saĵlēĵē sorunu olup, gen­ yetiĸkinleri 

ºzellikle etkilemektedir. Bu araĸtērma, kumar baĵēmlēsē gen­ bireylerin serbest zaman 

deneyimlerindeki deĵiĸimleri ve rekreasyonel aktivitelerin iyileĸme s¿recindeki rol¿n¿ 

¥z-Belirlenim Kuramē ­er­evesinde incelemeyi ama­lamēĸtēr. Fenomenolojik desende 

y¿r¿t¿len ­alēĸmada, kartopu ºrnekleme yºntemiyle 9 katēlēmcē (18-35 yaĸ) ile yarē-

yapēlandērēlmēĸ gºr¿ĸmeler ger­ekleĸtirilmiĸtir. Veriler Braun ve Clarke'ēn altē aĸamalē 

tematik analiz yºntemiyle MaxQDA programēnda analiz edilmiĸtir. Analiz sonucunda beĸ 

tema belirlenmiĸtir: "Serbest Zaman Zenginliĵi", "Dijital Kayēĸ", "Sosyal Kopuĸ", 

"Arayēĸ ¢abalarē" ve "Yeniden Keĸif". Bulgular, kumar baĵēmlēlēĵē s¿recinde ºzerklik, 

yeterlik ve iliĸkililik ihtiya­larēnēn sistematik olarak bozulduĵunu gºstermektedir. Kumar 

ºncesi dºnemde y¿ksek i­sel motivasyon ve ­eĸitli rekreasyonel aktiviteler gºzlenirken, 

baĵēmlēlēk s¿recinde dijital ortamlara yoĵun odaklanma, sosyal izolasyon ve kontrol 

kaybē yaĸanmēĸtēr. Ķyileĸme s¿recinde ise rekreasyonel aktivitelerin terapºtik etkisi 

belirlenmiĸtir. Araĸtērma sonucunda geliĸtirilen Kumar Baĵēmlēlēĵēnda Rekreasyonel 

Ķyileĸme Modeli (KRIM), ¥z-Belirlenim Kuramē temelli rekreasyonel m¿dahalelerin 

kumar baĵēmlēlēĵē tedavisinde kullanēlabileceĵini ºnermektedir.  

Anahtar Kelimeler:  Rekreasyon, Serbest Zaman, ¥z-belirlenim kuramē, Kumar 

Baĵēmlēlēĵēnda Rekreasyonel Ķyileĸme Modeli, Gen­ yetiĸkinler 

 

1. INTRODUCTION  

Gambling disorder has emerged as a rapidly 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 this topic 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 lifetime, with 29.33% of 

these individuals continuing to gamble regularly during the data collection period (Altēntaĸ et al., 

2024). 

Gambling disorder is a multidimensional problem that extends beyond mere financial losses, 

profoundly affecting individuals' psychological health, social relationships, family life, and 

overall quality of life (Hodgins & el-Guebaly, 2004). According to DSM-5 diagnostic criteria, 

gambling disorder is characterized by loss of control over gambling behavior, prioritization of 

gambling over daily life activities, and continuation of gambling behavior despite negative 

consequences (American Psychiatric Association, 2013). Notably, gambling disorder rates 

among young adults are known to be 2-3 times higher than those among adults (Shaffer et al., 

1997). This phenomenon is attributed to factors such as developmental characteristics of the 

youth period, risk-taking tendencies, and easy access to technology (Derevensky & Gupta, 

2004). Furthermore, it is considered that the effects of gambling disorder on leisure 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 represents a critical 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 developing holistic treatment 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 Turkey. 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 the lived 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 an in-depth understanding of the changes 

experienced 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 in Self-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 individuals' 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 desired outcomes (White, 1959). Relatedness encompasses 

the need to connect with others, to belong, and to be cared for (Baumeister & Leary, 

1995). 

Within the Self-Determination Theory framework, motivation is evaluated on a 

continuum extending from amotivation 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 behaviors performed 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, Self-Determination 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 activities while experiencing 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 autonomy, intrinsic motivation, and 

optimal experience (Iso-Ahola, 1980). According to Flow Theory developed by 

Csikszentmihalyi (1990), optimal experiences where individuals become completely 

focused on an activity, experience altered time perception, and feel a sense of 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 social environments 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 situation may contribute to 
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the perpetuation of addiction. In the recovery process, as predicted by Self-Determination 

Theory, the integration of recreational activities that support basic psychological needs 

into the treatment process is of critical importance. These activities 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 young individuals with gambling disorder change in terms of the 

fundamental principles of Self-Determination Theory and the meaning of this change in 

the recovery process. 

2. METHOD 

2.1. Research Design 

This study was conducted using a phenomenological design from qualitative research 

methods to gain an in-depth understanding of the lived experiences of individuals with 

gambling disorder regarding recreational activities and leisure management. The 

phenomenological approach aims to discover the essence and meaning of individuals' 

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 phenomenological perspective. 

2.2. Participants and Sampling 

The population of the study consists of young individuals aged 18-35 who have 

experienced or are experiencing gambling disorder in Turkey. Snowball sampling 

technique, one of the purposive sampling methods, was employed for sample selection. 

This technique is particularly preferred for accessing hard-to-reach and sensitive 

populations (Patton, 2015). 

Inclusion Criteria 

¶ Having gambling experience for at least one year 

¶ Having acknowledged and recognized gambling disorder 

¶ Being between 18-35 years of age 

¶ Having sufficient Turkish communication skills 

¶ Providing voluntary participation in the research 

¶ Being willing to share experiences 

Exclusion Criteria 

¶ Being in an acute psychiatric crisis period 

¶ Having severe cognitive impairment 

¶ Being in a physical or mental condition that would prevent sustaining the 

interview 

¶ 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 according to the principle 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 23-26 age group, and 1 participant in the 27-35 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 began with 1 participant 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 1-2 people with similar experiences from each participant, and the 

process continued until maximum diversity was achieved. The snowball chain was 

completed with 4 branches. 

2.3. Data Collection Instruments 

Semi-Structured Interview Form: A semi-structured 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: Pre-gambling 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: 

¶ How did you spend your leisure time before you started gambling? 

¶ How did your relationship with other activities change after you started gambling? 

¶ What do you feel during moments of free time? 

¶ Which activities did you notice were beneficial 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 

questions and data collection potential were assessed, and the form was finalized. 

2.3. Data Collection Process 

Interviews were conducted between June and August 2025. Each interview lasted 35-50 

minutes and was conducted in safe locations preferred by participants (treatment centers 

or quiet caf® areas). All interviews were recorded with a digital recording device with 

participants' permission. 

Interview Protocol 

¶ Signing of informed consent form before the interview 
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¶ Building rapport and establishing trust relationship (5-10 minutes) 

¶ Asking main questions and probe questions 

¶ Post-interview gratitude and sharing of contact information 

Field Notes 

Observation notes were taken during each interview, and details regarding participants' 

nonverbal communication characteristics, emotional reactions, and interview 

environment were recorded. 

Data Analysis 

Data analysis was conducted using Braun and Clarke's (2006) six-phase thematic analysis 

method with MaxQDA 2020 software: 

1. Familiarizing with the Data: Repeated reading of all interviews after transcription 

2. Generating Initial Codes: Systematic coding of data in MaxQDA 

3. Searching for Themes: Grouping codes into categories 

4. Reviewing Themes: Evaluating themes for consistency and coherence 

5. Defining and Naming Themes: Determining the essence of each 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 in-vivo 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 reliability 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 minutes 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 processes, 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 researcher 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 at 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 explained that 

they could withdraw at any time. To protect participant identities, all names were changed 

and coded (P1-P9), personal information was anonymized, and data were stored in a 

secure environment. Due to the sensitive nature of gambling disorder, it was 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 researcher holds a doctoral-level 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 were recorded 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 18-22 age group (66.7%), 2 were in the 23-26 age group 

(22.2%), and 1 was in the 27-35 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 Self-Determination Theory. 

3.1. Leisure Richness 

When participants were asked "How did you spend your leisure time before you started 

gambling?", 88.9% of participants (n=8) indicated that they engaged in various 

recreational activities during the pre-gambling period. High autonomy and intrinsic 

motivation were observed during this period. 

P1 described leisure activities as follows: "I was very active during my high school years. 

I 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 something with my friends. We would go to 

the cinema, hang out at caf®s. When I started university, I participated in club activities. 

I was very social." P7 focused on hobby activities: "I was into photography, I loved it 

very much. I shared on Instagram, I was very happy when I got likes. I 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 loss of autonomy 

and transition to extrinsic motivation. P2 described the change process as follows: "After 

gambling, I didn't want to do anything else. I couldn't hold anything other than my phone. 

I was constantly checking if there were any matches." 

P5 described the change in time perception: "Hours flew by in front of the phone. I would 

start at 10 in the morning and realize it at 8 in the evening. I didn't even know what I ate 

in between." P9 expressed loss of control as follows: "I couldn't stop anymore. When I 

lost, I would bet more, and when I won, I would continue. It's like I'm a robot, I 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 for relatedness. 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. I say 'I'll come in a bit,' then I forget. They don't even call anymore." P6 

described the tension in family relationships as follows: "We constantly argue with my 

family. Because I'm on the phone, because I ask for money. I just sit alone in my room 

now." P8 shared social anxieties: "I have friends from whom I borrowed money. I don't 

know how to face them. I'm ashamed, I avoid them." 

3.4. Quest Endeavors 
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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 efforts to re-meet 

the need for competence. 

P1 described the experience of returning to former activities: "I tried to return to 

basketball but I struggled a lot. My condition was very poor, and my friends were much 

ahead. Still, I forced myself." P3 described new pursuits as follows: "I started doing yoga. 

I do breathing exercises. It seemed very silly at first, but it calms my mind." P7 described 

the orientation toward creative activities: "I returned to photography but this time not to 

make money. I just take photos, I 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 the re-satisfaction of basic psychological needs. 55.6% 

of participants (n=5) indicated that they experienced the healing effects of certain 

activities. 

P5 shared the mental relief experience: "I started reading books. When I read, gambling 

doesn't come to mind. I dive into different worlds, that stress passes in a different way." 

P6 described the sense of achievement experience: "I started cooking. It was very bad at 

first, but then I started making good things. My family likes it too, I become very happy." 

P9 described the process of re-establishing social connections: "I started going to the gym. 

There are people I met there. I told them I 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 gambling addiction process within the framework 

of Self-Determination 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, and failure 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 resource in gambling addiction treatment as predicted 

by Self-Determination Theory. 

4. DISCUSSION 

This study examined changes in leisure experiences among young individuals with 

gambling disorder through a phenomenological approach within the framework of Self-

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 role in re-meeting 

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 the Self-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 pre-gambling period, while 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 contribution to the 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 entered an almost 

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 transformation of gambling 

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 by Self-Determination 

Theory. 

The findings emerging from the "Social Disconnection" theme 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 notable in interview 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 Recreational 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 describing recreational 

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 by Csikszentmihalyi 

(1990). 

When evaluated within the framework of the "Leisure and Well-being Model" proposed 

by Hood and Carruthers (2007), it appears that recreational activities enhanced 

participants' coping skills and contributed to identity reconstruction. A significant 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 role of mind-body integration in the 

recovery process. 

4.3. Unique Characteristics of Gambling Disorder in the Digital Age 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΡΣ 
 

A striking finding in the research is that all participants preferred online forms of 

gambling. This preference cannot be explained solely by accessibility; 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 pressure 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, their orientation toward technology-supported 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. In-Depth 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) experienced particular 

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 Hofstede (1980) 

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 Turkish context. 

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 and the last-minute withdrawal of some potential participants reflect 

societal taboos regarding this issue. This observation emphasizes the critical importance 

of trust-building processes in future research. 

A notable point in interview environments was that participants spoke more comfortably 

in treatment centers while behaving more cautiously in public spaces such as caf®s. This 

situation demonstrates the impact of physical environment on data quality and provides 

practical contributions to qualitative research methodology. 

4.6. Evaluation from a Developmental Perspective 

When evaluated within the framework of emerging adulthood theory (Arnett, 2000), the 

fact that participants' age group (18-31) 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 emerging 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 should 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 context of gambling disorder. The findings 

emerging from the "Digital Drift" theme demonstrate that the pseudo-flow experience 

during gambling differs from genuine flow experience. This distinction emphasizes the 

importance of designing authentic flow experiences in recreational 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 the three basic needs of Self-

Determination Theoryðautonomy (freedom of choice), competence (gradual 

achievement), and relatedness (social connection)ðthrough recreational activities. 

 

5. CONCLUSION AND RECOMMENDATIONS  

This study has revealed the dramatic changes experienced 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 of Self-Determination 

Theory demonstrate that gambling disorder 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 constitutes concrete 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 of Self-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 

establishes a foundation for the Recreational Recovery Model in Gambling Addiction 

(RRMGA) and proposes the three-phase structure of this model. This structure consists 

of (1) Recognition of basic needs, (2) Gradual recreational intervention, and (3) 

Sustainable lifestyle 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 the critical importance of the social dimension of recreational interventions in 

collectivist cultures and offer a unique perspective to cross-cultural recreation research. 
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5.2. Recommendations for Practical Applications 

For Treatment Centers and Clinicians: The development of Self-Determination Theory-

based recreational therapy programs in AMATEMs is an urgent necessity. These 

programs should begin with individual assessment, and each participant's leisure history 

should be analyzed in detail. A significant finding 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 technology-supported 

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 designed not only with an information-focused 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 education courses in curricula holds strategic importance from a 

preventive approach perspective. These courses should be built upon the fundamental 

principles of Self-Determination Theory and should equip students with healthy 

motivation management skills. 

For Policymakers 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 

general 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 regard, and cost-effectiveness 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 findings demonstrates 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 theoretical 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. 

Evidence-based protocols should be developed 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 emphasize the importance of trust-building 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 recommended. Particularly, 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 mixed-methods approaches is also recommended. 

Additionally, studies on different age groups, socioeconomic levels, and gambling types 

will increase the generalizability of findings. Cross-cultural comparative studies will 

contribute to the development of cultural adaptations of recreational 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 treatment-focused approaches to 

holistic and preventive 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 and societal 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 results of 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 that experiences 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 necessary 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 helping future 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 fully ready 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 by future research 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 recovery process of individuals with gambling disorder. 
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¥ZET 

Dijitalleĸmenin geliĸmesiyle g¿n¿m¿zde sosyal medya ile ticari hayatēn merkezinde yer 

alan yeni iĸ modelleri ve pazarlama stratejileri doĵmuĸtur. Bu baĵlamda ñsosyal medya 

etkileyicileriò markalarēn ¿r¿n ve hizmetlerinin tanētēmēnda ºnemli rol oynayan aktºrler 

h©line gelmiĸtir. Sºz konusu faaliyetlerin T¿rk Ticaret Kanunu (TTK) ­er­evesinde hangi 

hukuki stat¿ye karĸēlēk geldiĵi ve sosyal medya etkileyicilerinin tacir sayēlēp 

sayēlmayacaĵē meselesi ºĵretide tartēĸmaktadēr. ¢alēĸmada, TTK m. 11 ve m. 12 

h¿k¿mlerinde d¿zenlenen tacir sēfatēnēn kazanēlmasē i­in gerekli unsurlar; gelir saĵlama 

amacē, s¿reklilik, baĵēmsēzlēk ve esnaf faaliyeti sēnērlarēnēn aĸēlmasē sosyal medya 

etkileyicilerinin faaliyetleri baĵlamēnda incelenmiĸtir. Sponsorluk anlaĸmalarē, sonuca 

katēlmalē iĸ birlikleri, marka el­iliĵi veya ¿cretsiz ¿r¿n tanētēmē gibi farklē ­alēĸma 

modelleri analiz edilerek bu faaliyetlerin ­oĵunlukla ticari iĸletme niteliĵi taĸēdēĵē ve bu 

sebeple tacir sēfatē doĵurabileceĵi sonucuna ulaĸēlmēĸtēr. Ancak her somut olay a­ēsēndan 

sºz konusu sosyal medya etkileyicileri ayrē ayrē incelenmelidir. Tacir sēfatēnēn 

kazanēlmasē, sosyal medya etkileyicileri a­ēsēndan yalnēzca ekonomik bir stat¿ deĵil, aynē 

zamanda bir dizi hukuki y¿k¿ml¿l¿ĵ¿ getirmektedir. Bunlar arasēnda ticaret siciline 

tescil, ticaret ¿nvanē se­me ve kullanma, basiretli iĸ insanē gibi davranma y¿k¿ml¿l¿ĵ¿ 

ve ticari iĸlerde ¿cret ile faiz talep etme hakkē yer almaktadēr. Bu sektºr¿n geliĸtiĵi 

Amerika Birleĸik Devletleriônde (ABD) sosyal medya etkileyicilerinin hukuki stat¿s¿, 

T¿rk hukukundaki ñtacirò kavramēndan farklēdēr. Onlar ­oĵunlukla baĵēmsēz y¿klenici 

stat¿s¿nde deĵerlendirilir; bu ĸekilde ĸirket ­alēĸanē deĵil, kendi adēna faaliyet gºsteren 

kiĸi olarak kabul edilir. Vergi hukuku bakēmēndan serbest meslek erbabē sayēlērlar ve bu 

sebeple pek ­ok sosyal medya etkileyicisi gelirlerini daha d¿zenli yºnetebilmek i­in 

k¿­¿k iĸletme yapēlarē kurar. Federal Ticaret Komisyonu d¿zenlemeleri kapsamēnda ise 

sosyal medya etkileyicileri, ¿r¿n veya hizmeti tanētan ºnerici kiĸi sēfatēyla kabul edilir ve 

ºzellikle ĸeffaflēk y¿k¿ml¿l¿ĵ¿ altēnda olup sponsorlu i­eriklerini a­ēk­a belirtmeleri 

zorunludur. Sºzleĸme iliĸkilerinde ise ñmarka el­isiò, ñortaklēk ortaĵēò veya ñdestek 

anlaĸmasē tarafēò gibi ¿nvanlarla anēlabilirler. ABDôde ­oĵunlukla baĵēmsēz ­alēĸan, 

k¿­¿k iĸletme sahibi ve ĸeffaflēk y¿k¿ml¿l¿ĵ¿ taĸēyan bir pazarlama aktºr¿ ĸeklinde 

ºzetlenebilir. Bu ­alēĸmada sosyal medya etkileyicilerinin tacir stat¿s¿ ticari iĸletmenin 

unsurlarē kapsamēnda deĵerlendirilip ABD hukukuyla karĸēlaĸtērēlarak incelenmiĸtir.  

Anahtar Kelimeler:  Sosyal medya etkileyicisi, tacir, ticari iĸletme. 
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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, ñsocial media influencersò have become key players in promoting brands' 

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 study examines the elements 

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 social media influencers. 

Different working models, such as sponsorship agreements, result-based collaborations, 

brand ambassadorship, or free product promotion, were analyzed, leading to the 

conclusion that these activities mostly have the nature of a commercial enterprise 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 influencers but 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 transactions. In the United States (US), where this sector 

has developed, the legal status of social media influencers differs from the concept of 

ñmerchantò in Turkish law. They are mostly considered independent contractors; thus, 

they are not regarded as company employees but as individuals acting on their own behalf. 

They are considered self-employed for tax purposes, and for this reason, many social 

media influencers establish small business structures to manage their income more 

efficiently. Under Federal Trade Commission 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 

relationships, they may be referred to by titles such as ñbrand ambassador,ò ñpartnership 

partner,ò or ñsupport agreement party.ò In the US, they can be summarized as marketing 

actors who are mostly independent contractors, small business owners, and subject to 

transparency obligations. This 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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¥ZET 

Ticari iĸletmenin anonim ĸirkete dºn¿ĸmesi, ekonomik ve hukuki bakēmdan bir gereklilik 

h©line gelebilmektedir. Tek kiĸinin m¿lkiyetinde ve sēnērsēz sorumluluĵunda faaliyet 

gºsteren ticari iĸletme, belirli bir b¿y¿kl¿ĵe ulaĸtēĵēnda kurumsallaĸma talebi 

doĵmaktadēr. Artan sermaye ihtiyacē, profesyonel yºnetim kadrosu gereksinimi, yatērēmcē 

­ekme arzusu ve sēnērsēz sorumluluĵun doĵurduĵu riskler, iĸletme sahibini anonim ĸirket 

­atēsē altēnda korunmaya yºneltir. Anonim ĸirketin saĵladēĵē sēnērlē sorumluluk, pay 

devrinin kolaylēĵē ve geniĸ finansman imk©nlarē sayesinde iĸletme hem daha g¿venli bir 

hukuki zemine kavuĸur hem de s¿rd¿r¿lebilir b¿y¿me fērsatlarēnē deĵerlendirme imk©nē 

bulur. Bu tebliĵde, ticari iĸletmenin 6102 sayēlē T¿rk Ticaret Kanunu (TTK) m. 194 

uyarēnca anonim ĸirkete dºn¿ĸmesi kurumu ele alēnmaktadēr. Ticari iĸletme, t¿zel kiĸiliĵi 

bulunmayan bir ekonomik organizasyon iken anonim ĸirket sermaye ĸirketleri arasēnda 

en geliĸmiĸ yapēya sahip, t¿zel kiĸilikli bir formdur. Bu sebeple ticari iĸletmeden anonim 

ĸirkete ge­iĸ, iĸletme sahibinin hukuki sorumluluĵu, bor­larēn devri ve ortaklēk yapēsēnēn 

deĵiĸimi bakēmēndan ºnem arz etmektedir. ¢alēĸmada ºncelikle dºn¿ĸ¿m¿n hukuki 

niteliĵi tartēĸēlmakta, ñdevredici t¿r deĵiĸtirmeò ve ñbi­im deĵiĸtirici t¿r deĵiĸtirmeò 

ayrēmē ¿zerinden ticari iĸletmenin t¿zel kiĸiliĵe ge­iĸindeki sorunlar 

deĵerlendirilmektedir. Ķsvi­re hukukundaki ñhukuki fiksiyonò yaklaĸēmēnēn T¿rk 

hukukunda da benimsendiĵi, ticari iĸletmeden sermaye ĸirketine dºn¿ĸ¿mde s¿rekliliĵin 

saĵlandēĵē vurgulanmaktadēr. Bor­lardan sorumluluk bakēmēndan, T¿rk Bor­lar Kanunu 

m. 202ôdeki iki yēllēk m¿teselsil sorumluluk ile TTK m. 158ôdeki ¿­ yēllēk sorumluluk 

rejimi karĸēlaĸtērēlmakta, dºn¿ĸ¿m¿n TTKôdaki ºzel d¿zenleme kapsamēnda 

deĵerlendirilmesi gerektiĵi sonucuna varēlmaktadēr. Bºylelikle ticari iĸletme sahibi, 

dºn¿ĸ¿mden ºnce doĵmuĸ bor­lardan ¿­ yēl s¿reyle sorumlu olmaya devam etmektedir. 

Tebliĵ ayrēca anonim ĸirkete dºn¿ĸ¿m¿n pratik sonu­larēnē da incelemekte; ortaklēk 

yapēsēnēn ­eĸitlenmesi, sēnērlē sorumluluk ilkesinin iĸletmeye saĵladēĵē koruma, 

finansmana eriĸim kolaylēklarē ve kurumsallaĸma imk©nlarē ºn plana ­ēkarēlmaktadēr. 

Dºn¿ĸ¿m¿n, tasfiye yapēlmaksēzēn iĸletmenin faaliyetlerine kesintisiz devam etmesini 

saĵladēĵē ve ekonomik hayatēn dinamiĵine uyum a­ēsēndan ºnemli bir ara­ olduĵu 

sonucuna ulaĸēlmaktadēr. Sonu­ olarak ticari iĸletmenin anonim ĸirkete dºn¿ĸmesi hem 

bor­lularēn korunmasē hem de giriĸimcinin ekonomik faaliyetlerini kurumsallaĸtērarak 

s¿rd¿rmesi a­ēsēndan ­ift yºnl¿ fayda saĵlayan, TTK ile sistematik bir zemine oturtulmuĸ 

yenilik­i bir d¿zenlemedir.  

Anahtar Kelimeler:  Anonim ĸirket, ticari iĸletme, t¿r deĵiĸikliĵi. 

mailto:islamoglugulsah@gmail.com


LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΣΣ 
 

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 once it 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 joint-stock company. Thanks to the limited 

liability provided by the joint-stock 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 growth opportunities. This circular addresses the 

conversion of a commercial enterprise into a joint-stock company in accordance with 

Article 194 of the Turkish Commercial Code (TCC) No. 6102. A commercial enterprise 

is an economic organization without legal personality, while a joint-stock 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 a joint-stock company is 

significant in terms of the legal liability 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 through the distinction between ñtransfer-type conversionò and ñform-

changing conversion.ò It emphasizes that the ñlegal fictionò approach in Swiss law has 

also been adopted in Turkish law, ensuring continuity in the conversion from a 

commercial enterprise to a capital company. In terms of liability for debts, the two-year 

joint and several liability under Article 202 of the Turkish Code of Obligations is 

compared with the three-year liability regime under Article 158 of the Turkish 

Commercial Code, and it is concluded 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. The Circular also examines the practical consequences of 

conversion to a joint-stock company, highlighting the diversification of the partnership 

structure, the protection afforded to the business by the principle of limited liability, easier 

access to financing, 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 a joint-stock company 

is an innovative regulation systematically grounded in the Turkish Commercial Code, 

providing dual benefits in terms of both protecting creditors and enabling entrepreneurs 

to continue their economic activities in an institutionalized manner. 

Key Words: Corporation, commercial enterprise, change of type.
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¥ZET 

T¿rkiyeônin doĵusu aktif tektonizma ve volkanizma a­ēsēndan olduk­a ºnemli bir 

bºlgedir. Avrasya ve Arap plakalarē, arasēndaki Tetisôin kapanmasēna baĵlē olarak, Orta 

Miyosenôden itibaren Bitlis-Zagros Kenet Kuĸaĵē boyunca Anadoluôya doĵru bindirmeye 

baĸlamēĸtēr. K-G yºnl¿ deformasyonla iliĸkili olarak, deniz seviyesine gºre bºlgede 2-3 

km y¿kselme, sēĵ depremsellik, farklē tipte faylar (Kuzey Anadolu Fay Zonu ve Doĵu 

Anadolu Fay Zonu gibi) ve kabuksal kalēnlaĸma/kēsalma meydana gelmiĸtir. Eĸ zamanlē 

olarak, K-G yºn¿nde baĸlayan a­ēlma ­atlaklarē boyunca volkanik malzeme yukarēya 

doĵru ­ēkmaya baĸlamēĸ ve volkanizmanēn geliĸmesine yol a­mēĸtēr. Doĵu Anadoluôdaki 

volkanizmanēn, Arap-Avrasya levhalarēnēn kēta-kēta ­arpēĸmasē ile iliĸkili olarak Miyosen 

dºnemde (yaklaĸēk 11-13 milyon yēl ºnce) baĸladēĵē d¿ĸ¿n¿lmektedir. Kuvaterner yaĸlē 

volkanik merkezler (Nemrut, S¿phan, Tend¿rek ve Aĵrē) kalkan ve stratavolkan tipine 

sahiptirler. Bu ­alēĸmada, yaklaĸēk 3500 m y¿ksekliĵe sahip olan Van ve Aĵrē il sēnērlarē 

i­erisinde bulunan ikiz konili Tend¿rek Volkanē ve yakēn ­evresinde 2020 yēlēndan sonra 

meydana gelmiĸ mikro depremlerin odak mekanizmasē ­ºz¿mleri incelenmiĸtir. Bu ama­ 

i­in Afet ve Acil Durum Yºnetimi Baĸkanlēĵēôna ait 3-bileĸen deprem istasyonlarēnēn 

kayētlarē kullanēlarak, 22 adet yerel ve k¿­¿k depremin odak mekanizmasē parametreleri 

(doĵrultu, eĵim a­ēsē, kayma a­ēsē, derinlik, b¿y¿kl¿k, enlem, boylam) hesaplanmēĸtēr. 

Hesaplanan odak mekanizmasē ­ºz¿mlerinin kullanēlmasēyla, Tend¿rek Volkanē ve 

civarēndaki gerilme transferinin ve depremselliĵin kaynaĵē araĸtērēlmēĸtēr. Depremlerin 

odak mekanizmasē sonu­larē genel olarak normal fay tipindedir. Bunun yanēnda, bºlgede 

volkanik merkez civarēnda doĵrultu atēmlē fay mekanizmasēna sahip Balēkgºl¿, ¢aldēran 

ve Doĵubeyazēt faylarē ile birlikte normal fay tipinde Tend¿rek fayē da bulunmaktadēr. 

¥zellikle sēĵ kabuksal derinliklerdeki (0-10 km) Coulomb gerilme deĵiĸimi haritalarēna 

incelendiĵinde, volkanik merkezin hemen altēnda yukarē-aĸaĵē yºnl¿ pozitif gerilmeler 

gºzlemlenmiĸken, GD-KB yºn¿nde ise negatif gerilme loblarē belirgindir. Sonu­ olarak, 

hesaplanan sismotektonik parametreler ile Tend¿rek Volkanē ve civarēnēn g¿ncel 

depremselliĵi ortaya ­ēkarēlmaya ­alēĸēlmēĸtēr. 
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FOCAL MECHANISM SOLUTIONS AND STRESS TRANSFERS OF RECENT 

MICROEARTHQUAKES AROUND TENDUREK STRATAVOLCANO: 

TECTONIC -VOLCANIC IMPLICATION  

 

ABSTRACT 

The eastern region of T¿rkiye is of considerable geotectonic significance due to ongoing 

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 approximately 2-3 km 

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 north-south 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 volcanic centers such as Nemrut, S¿phan, Tend¿rek, and 

Aĵrē exhibit both shield and stratovolcano morphologies. This study focuses on the 

analysis of focal mechanism solutions for microearthquakes that occurred after 2020 in 

and around the twin-cone Tend¿rek Volcano, which is situated at an elevation of 

approximately 3,500 meters within the Van and Aĵrē provinces. The focal mechanism 

parameters- strike, dip, rake, depth, magnitude, latitude, and longitude- of 22 local 

microearthquakes were determined using data from three-component seismic stations 

operated by the Disaster and Emergency Management Authority. These solutions were 

then used to assess the regional stress regime and seismicity around Tend¿rek Volcano. 

The results indicate that normal faulting predominates in the region. In addition, strike-

slip faulting is observed along faults such as Balēkgºl, ¢aldēran, and Doĵubeyazēt, 

whereas the Tend¿rek Fault is characterized primarily by normal faulting. Coulomb stress 

change maps, particularly at shallow depths (0-10 km), reveal positive stress 

accumulation beneath the volcanic center in the vertical direction, while negative stress 

lobes extend along a southeast-northwest orientation. Ultimately, this study aims to 

enhance the understanding of the current seismotectonic behavior of Tend¿rek Volcano 

and its surrounding area through a detailed evaluation of earthquake focal mechanisms. 

Keywords: Tend¿rek volcano, focal mechanism, Coulomb stress change 
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1. GĶRĶķ 

Avrasya-Anadolu-Arap plakalarēnēn gºreceli hareketleri ve meydana getirdikleri 

deformasyon Bitlis-Zagros Kenet Kuĸaĵē (BZKK) boyunca Doĵu Anadolu Sēkēĸma 

bºlgesinde (DASB), dikkate deĵer ĸekilde tektonizma, volkanizma ve depremselliĵe 

neden olmaktadēr. Bunun yanēnda, g¿n¿m¿zde Anadolu levhasēnēn batēya doĵru gº­¿ ve 

aynē zamanda saat yºn¿ tersine rotasyonu Kuzey Anadolu Fay Zonu (KAFZ) ve Doĵu 

Anadolu Fay Zonu (DAFZ) boyunca devam etmektedir. Aynē zamanda, Batē Anadoluôda 

horst-graben sistemlerinden meydana gelen geniĸleme bºlgesi ortaya ­ēkmaktadēr. 

Bununla birlikte, Afrika levhasēnēn Avrasya levhasēna doĵru kuzey yºnl¿ dalēmē, Doĵu 

Akdenizôde Hellenic ve Kēbrēs yaylarēnēn geliĸmesine sebep olmuĸtur. Anadolu ve yakēn 

civarēndaki diĵer ºnemli tektonik yapēlar ise ¥l¿ Deniz Fay Zonu (¥DFZ), Kuzey-Doĵu 

Anadolu Fay Zonu (KDAFZ) ve Karlēova ¦­l¿ Kesiĸimi (KUK) olarak verilebilir (Gºrsel 

1a).  

 

Gºrsel 1. (a) Anadolu ve civarē i­in temel tektonik yapēlar (Emre vd., 2018 ve Alkan vd., 2021ôden 

deĵiĸtirilerek alēnmēĸtēr). Beyaz oklar levhalarēn yēllēk hareketini gºstermektedir (Reilinger vd., 

2006). Kēsaltmalar: BAGB: Batē Anadolu Geniĸleme Bºlgesi, BZZK; Bitlis -Zagros Kenet Kuĸaĵē, 

DAFZ; Doĵu Anadolu Fay Zonu, DASB; Doĵu Anadolu Sēkēĸma Bºlgesi, KAFZ: Kuzey Anadolu 

Fay Zonu, KDAFZ: Kuzey-Doĵu Anadolu Fay Zonu, KUK; Karlēova ¦­l¿ Kesiĸimi, ¥DFZ; ¥l¿ 

Deniz Fay Zonu. Volkanlar: NV; Nemrut volkanē, SV; S¿phan volkanē, TV; Tend¿rek volkanē, AV; 

Aĵrē volkanē (b) Tend¿rek Volkanē ve civarēndaki aktif diri faylar (Emre vd., 2018ôden alēnmēĸtēr).  
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Anadolu ve civarēnēn genel tektonik birliklerine ek olarak, Doĵu Anadolu bºlgesinde, 

Arap-Avrasya levhalarēnēn gºreceli hareketi neticesinde meydana gelen kuzey-g¿ney 

yºnl¿ deformasyonla iliĸkili olarak ºnemli Senozoyik volkanik merkezlerde 

bulunmaktadēr. Bu volkanik merkezler g¿ney batēdan kuzey doĵuya doĵru sērasē ile 

Nemrut, S¿phan, Tend¿rek ve Aĵrē olarak verilebilir. Tend¿rek Volkanē, Doĵu 

Anadoluôdaki en b¿y¿k Kuvaterner volkanlardan bir tanesidir. Volkanik masifin en ¿st 

kesiminde, m¿kemmel korunmuĸ kraterlere sahip B¿y¿k Tend¿rek (3549 m) ve K¿­¿k 

Tend¿rek (3313 m) olmak ¿zere iki b¿y¿k koni yer alēr (Lebedev vd., 2016). Bu ­alēĸma 

kapsamēnda, ºzellikle Tend¿rek Volkanē ve civarēnda Holosen yaĸlē fay ve fay zonlarēna 

dikkat ­ekilmiĸtir. Bu fay ve fay zonlarē; Erciĸ Fayē (EF), ¢aldēran Fayē (¢F), Balēkgºl¿ 

Fay Zonu (BFZ), Doĵubeyazēt Fayē (DF) ve Tend¿rek Fayēdēr (TF) (Gºrsel 1b). Bu 

tektonik yapēlarēn fay mekanizmalarē doĵrultu atēmlē ve normal fay tipindedir (Emre vd., 

2018).  

Doĵu Anadolu ve civarē depremsellik a­ēsēndan Alp-Himalaya orojenik kuĸaĵēndaki 

ºnemli bºlgelerden bir tanesidir. Bºlgede aletsel dºnemde ºnemli sayēda b¿y¿k/yēkēcē 

depremler meydana gelmiĸtir. Gºrsel 2ôde Kandilli Rasathanesi Deprem Araĸtērma 

Enstit¿s¿ (KRDAE) deprem kataloĵundan alēnmēĸ, 1900-2025 yēllarē arasēnda meydana 

gelmiĸ farklē magnit¿dlerdeki yaklaĸēk 50,000 adet depremin episantr lokasyonlarē 

gºsterilmiĸtir. ¥zellikle 1939 Erzincan depremi (Mw=7.9), 1976 ¢aldēran depremi 

(Mw=7.5) ve 2011 Van depremi (Mw=7.2) yēkēcē/hasar verici tektonik depremlerin 

baĸēnda gelmektedir. Bu yēkēcē depremlere doĵrultu atēmlē fay tipine sahip KAFZ, ¢F ve 

Van Fay Zonu gibi bºlgedeki ºnemli tektonik yapēlar neden olmuĸtur. Bu bahsedilen 

tektonik olaylara ek olarak, bºlgedeki aktif volkanik kuĸak ¿zerinde bulunan gen­ 

volkanik yapēlarda yēkēcē ya da hissedilemeyen olsa bile, bir dizi k¿­¿k ºl­ekte deprem 

meydana gelmektedir. Bu duruma ºrnek olarak Nemrut stratovolkanē gºsterilebilir. Alkan 

vd. (2024) Nemrut kalderasē civarēndaki volkanik depremleri incelemiĸlerdir. Alkan vd. 

(2024) elde ettikleri sonu­lara gºre, kaldera altēnda yaklaĸēk 4 km civarēndaki derinlikte 

bulunan magma odacēklarē civarēnda depremlerin meydana geldiĵi ve bu depremlerin 

normal ve ters fay mekanizmasēna sahip olduĵunu belirlemiĸlerdir. Bunun yanēnda bu 

volkanik depremlerin yukarē-aĸaĵē yºnl¿ pozitif gerilme deĵiĸimine neden olduĵunu 

belirlemiĸlerdir.  
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Gºrsel 2. Doĵu Anadolu civarēnda 1900-2025 yēllarē arasēnda meydana gelen ~50,000 adet 

depremin (1.0¢M¢7.9) episantr daĵēlēm haritasē (KRDAE web sitesinden alēnmēĸtēr). 

Magnit¿d deĵiĸimleri farklē sembollerle gºsterilmiĸtir. 

Bu ­alēĸma kapsamēnda, 2020-2025 yēllarē arasēnda Tend¿rek Volkanē ve civarēnda 

meydana gelmiĸ k¿­¿k magnit¿dl¿ (1.0ÒMÒ2.7) depremlerin odak mekanizmasē 

­ºz¿mlerinin hesaplanarak, bºlgenin Coulomb gerilme deĵiĸimi analizi yapēlmēĸtēr. 

Dolayēsēyla, yeniden hesaplanan deprem episantr lokasyonu, hiposantr derinliĵi ve odak 

mekanizmasē parametreleri ile Tend¿rek volkanē ve civarēndaki g¿ncel depremselliĵin bir 

deĵerlendirilmesi yapēlmēĸtēr. 

 

2. VERĶ VE Y¥NTEM 

K¿­¿k magnit¿de sahip depremlerin odak mekanizmasē ­ºz¿mleri yer bilimleri 

enstit¿leri tarafēndan genellikle paylaĸēlmamaktadēr. Fakat meydana gelmiĸ bir mikro 

depremin lokasyon ve zaman bilgilerine ulaĸmak m¿mk¿nd¿r. Dolayēsēyla, herhangi bir 

depremin 3-bileĸen deprem istasyonu kaydēna da bu zaman bilgisini kullanarak 

eriĸilebilir. Bu doĵrultuda, Afet ve Acil Durum Yºnetimi Baĸkanlēĵē (AFAD) hem mikro 

depremlerin episantr parametrelerine hem de farklē band-tipindeki 3-bileĸen kayētlarēna 

eriĸimi a­ēk ĸekilde saĵlamaktadēr. Gºrsel 3ôde gºsterildiĵi gibi, AFAD tarafēndan 

bºlgede iĸletilen ADCV, VMUR, OZAP, DORK, DYDN, DOGU, IGDI, KOTA ve 

EATA 3-bileĸen geniĸ bantlē deprem istasyonlarēna ait 22 adet depremin (Gºrsel 3, 

kērmēzē daireler) sayēsal kayētlarēna eriĸilmiĸtir. Bu se­ilmiĸ istasyonlarēn ve depremlerin 

detaylē bilgileri AFAD web sitesinde bulunabilir. AFADôtan fseed formatēnda indirilen 

ham 3-bileĸen veriler ilk olarak Seismic Analysis Code (SAC) (Helffrich vd., 2013) paket 

programē ile bir dizi ºn-veri iĸlem aĸamasēndan ge­irildikten sonra, SEISAN paket 

yazēlēmēnda (Ottemºller vd., 2021) okutulabilecek miniSEED formatēna 
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dºn¿ĸt¿r¿lm¿ĸt¿r. SEISAN ara y¿z¿nde bulunan filtreleme se­enekleri ile P-dalgasē ve 

S-dalgasē ilk varēĸlarē ile birlikte koda ve s¿re sēnērlamasē yapēlabilecek hale getirilmiĸtir.  

 

 

Gºrsel 3. ¢alēĸma bºlgesinde AFAD tarafēndan iĸletilen deprem istasyonlarēnēn konumlarē 

(mavi ¿­genler) ve odak mekanizmasē ­ºz¿mleri yapēlmēĸ olan depremlerin (kērmēzē 

daireler) AFAD tarafēndan verilen episantr noktalarē.  

2.1. Depremlerin Odak Mekanizmasē ¢ºz¿mleri: PINV ve FPFIT 

Se­ilmiĸ depremlerin lokasyonlarē i­in SEISAN paket yazēlēmēnda bulunan PINV 

ve FPFIT odak mekanizmasē algoritmalarē kullanēlmēĸtēr. SEISAN temel olarak P-dalgasē 

hareketinin geliĸinin (sēkēĸma veya geniĸleme) analizine dayanēr. 1-D hēz modeli i­in ise 

crust1.0ôden (Laske vd., 2013) referans hēz modeli kullanēlmēĸtēr. FPFIT algoritmasē 

(Reasenberg ve Oppenheimer, 1985) fazlarēn ilk hareket polaritelerini kullanēr ve ters 

­ºz¿m ilk hareket polaritesi deĵiĸimlerinin normalize edilmiĸ aĵērlēklē toplamēnē en aza 

indirgeyerek ve bir grid yºntemi kullanēlarak kaynak model i­in ger­ekleĸtirilir. Sonu­ 

olarak, P-dalgasē polaritelerinden en optimum ­ºz¿m bulunur. PINV algoritmasē 

(Suetsugu, 1998) ise FPFITôe benzerdir fakat sadece P-dalgasē polaritelerini kullanēr. 

PINVôde kutuplara dayalē bir baĸlangē­ odak mekanizmasē ­ºz¿m¿ oluĸturulur ve diĵer 

odak mekanizmasē ­ºz¿mlerine yardēmcē olma hedeflenir. PINV olasē bir fay d¿zlemi 

­ºz¿m¿ hakkēnda fikir verebilir ve gºzlemlerle ideal olarak genel tutarlēlēk kontrol edilir 

(Gok ve Polat, 2014). 

 

2.2. Coulomb Gerilme Deĵiĸimi 

Nemrut ya da Tend¿rek gibi volkanik bºlgelerde meydana gelen sismik 

aktivitenin tektonik bir s¿re­le mi yoksa volkanizma ile iliĸkili olduĵunu ayērt etmek 

bºlgenin g¿ncel sismik risk potansiyelini anlamak i­in olduk­a ºnemlidir. Bir volkan 

kalderasēnēn hemen altēnda ya da yakēn civarēnda meydana gelmiĸ bir dizi depremin odak 
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mekanizmasē tipi yanēnda, pozitif/negatif gerilme transferinin karakterini de anlamak bu 

baĵlamda olduk­a ºnemlidir. Literat¿rde, Troise vd. (2003), Walter ve Amelung (2006), 

Bonali vd. (2015) ve Gregg vd. (2018) gibi ºnemli ­alēĸmalar bulunmaktadēr. Coulomb 

gerilme yenilmesi (ȹcfs) herhangi bir fayda bir depremin tetiklemesiyle eĸik gerilme 

deĵerinin aĸēldēĵē bir durumda hesaplanabilir ve takip eden eĸitlik ile form¿lize edilir 

(King vd., 1994; Toda vd., 2011): 

 

ȹcfs = ȹŰ + ɛ (ȹůn + ȹP)         

 (1) 

 

Eĸitlikte, ȹŰ kayma yºn¿ndeki pozitif kesme gerilmesi ve ȹůn faydaki normal 

gerilmeyi temsil etmektedir. ȹP gºzenek basēncē ve ɛ ise gºzenek basēn­ deĵiĸimini 

temsil eden efektif s¿rt¿nme katsayēsēdēr. Gargani vd. (2006)'ya gºre, bir volkanēn 

viskoelastik elemanlarē ile iliĸkili s¿rt¿nme katsayēsēnēn 0.75 olduĵu varsayēlmaktadēr.  

 

3. BULGULAR VE TARTIķMA 

Gºrsel 4ôde Tend¿rek volkanē ve civarēndaki se­ilmiĸ depremlerin relokasyon (turuncu 

daireler) ve odak mekanizmasē ­ºz¿mleri (turuncu plaj toplarē) gºsterilmektedir. 

Tend¿rek volkanē civarēnda, genellikle normal fay tipine sahip depremlerin k¿melendiĵi 

gºr¿lm¿ĸken, ºzellikle kuzey doĵuda bulunan Balēkgºl¿ fayē civarēnda doĵrultu atēmlē 

fay tipine sahip depremler belirgindir. Bu durum, volkanēn hemen yanēnda bulunan 

depremlerin normal fay bileĸenli Tend¿rek fayē ve volkanēn kendisi ile iliĸkili olduĵu, 

diĵer taraftan, diĵer depremlerin doĵrultu atēmlē karaktere sahip ­evre faylarla (Balēkgºl¿ 

fayē ve Doĵubeyazēt fayē gibi) iliĸkili olduĵunu gºstermektedir. Bathke vd. (2014), 

kalderalarēn yapēsal olarak eĵim atēmlē olduĵu d¿ĸ¿n¿len normal ve/veya ters faylarla 

sēnērlē olduĵunu ifade etmiĸlerdir. 
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Gºrsel 4. Tend¿rek volkanē civarēnda meydana gelmiĸ mikro depremlerin yeni episantr 

noktalarē (turuncu daireler) ve odak mekanizmasē (turuncu plaj toplarē) 

­ºz¿mleri. 

 

Gºrsel 5ôde referans derinlik (7 km) i­in se­ilmiĸ depremlerden faydalanēlarak 

hesaplanan Coulomb gerilme deĵiĸimi haritasē gºsterilmiĸtir. Aynē zamanda, A-B profili 

boyunca (sarē kesikli ­izgi) 10 km derinlik aralēĵē i­in pozitif-negatif gerilme deĵiĸimleri 

de gºsterilmiĸtir. Gºrsel 5ôde gºsterilen yeĸil daireler, depremlerin yeniden hesaplanan 

episantr ve hiposantr noktalarēnē temsil etmektedir. Coulomb stress haritasēna 

bakēldēĵēnda (Gºrsel 5a), pozitif gerilme loblarēnēn volkanēn hemen civarēnda ve KB 

doĵrultusunda olduĵunu gºstermektedir. Lebedev vd. (2016), mevcut jeolojik ve 

jeomorfolojik verilere gºre, Tend¿rek Volkanēnēn potansiyel olarak aktif olduĵunu ifade 

etmiĸtir. Aynē zamanda, Ulusoy (2016), Tend¿rek kraterleri i­in hesaplanan baĵēl ēsē akēsē 

deĵerlerinin d¿nyadaki diĵer aktif volkanlar i­in benzer yaklaĸēmlarla hesaplanan deĵer 

aralēĵēna girdiĵini ifade etmiĸtir. Buna ek olarak, ºzellikle ­alēĸma alanēnēn kuzey 

doĵusunda bulunan Balēkgºl¿ ve Doĵubeyazēt faylarē civarēnda diri-fay izleri boyunca 

pozitif gerilme deĵerleri gºze ­arpmaktadēr. Bunun aksine, negatif gerilme loblarē 

Tend¿rek volkanēnēn hemen GDôsu ile ­alēĸma alanēnēn doĵusunda gºzlemlenebilir.  

0-10 km derinlik deĵerleri arasēnda ve A-B doĵrultusu boyunca oluĸturulan profilde 

(Gºrsel 5b), volkanēn hemen altēnda ve KD doĵrultusunda pozitif gerilme deĵerlerinin 

varlēĵē a­ēk­a gºzlemlenebilir. ¢obanoĵlu (2023) Tend¿rek volkanēnēn kuzeyinde K-G 

yºnl¿ sēkēĸma tektonik rejimine baĵlē olarak a­ēlma ­atlaĵēnēn varlēĵēndan bahsetmiĸ ve 

kuzeye doĵru devam ettiĵini ifade etmiĸtir. Aynē zamanda deprem oluĸ derinlikleri de 

(yeĸil daireler) pozitif gerilme deĵiĸimi derinliklerine (~6 km) karĸēlēk gelmektedir. Bu 

durum yukarē-aĸaĵē yºnl¿ pozitif gerilme transferi olarak yorumlanabilir. Negatif gerilme 
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deĵiĸimleri ise 3 ayrē lob olarak gºzlemlenebilir. Ķlk negatif lob kuzey batē doĵrultusunda, 

ikinci negatif lob volkanēn hemen civarēnda ve ¿­¿nc¿ negatif lob ise ­alēĸma bºlgesine 

gºre GD doĵrultusundadēr.  

 

 

Gºrsel 5. Odak mekanizmasē ­ºz¿mleri yapēlmēĸ depremlerin kullanēlmasēyla Tend¿rek 

Volkanē ve civarēndaki stress deĵiĸimi haritasē. (a) Ortalama derinlik seviyesi i­in 

gerilme deĵiĸimi, (b) A-B profili (sarē kesikli ­izgi) boyunca derinlik kesitini 

temsil etmektedir. Fay sēnēflamasē Emre vd., 2018ôden alēnmēĸtēr. Yeĸil daireler 

depremlerin episantr ve hiposantr lokasyonlarēnē temsil etmektedir. Gerilme 

deĵiĸimi -1Ĭ10^-5 ile 1*10^5 arasēndadēr. Mavi alanlar d¿ĸ¿k gerilme bºlgelerini 

ve kērmēzē alanlar pozitif gerilme bºlgelerini gºstermektedir. 

 

4. SONU¢LAR 

Bu ­alēĸmada, Tend¿rek volkanē civarēndaki yerel sismik aktivitenin kaynaĵē odak 

mekanizmasē ­ºz¿mleri ve Coulomb stress deĵiĸimi modellemesi ile araĸtērēlmēĸtēr. Statik 

gerilme deĵiĸimi haritasē ve derinlik profili se­ilmiĸ ve ­ºz¿mleri yapēlmēĸ mikro-

depremlerin odak mekanizmasē parametrelerinden faydalanēlarak oluĸturulmuĸtur. 

Gerilme deĵiĸimleri incelendiĵinde, ºzellikle volkanēn civarēnda yukarē-aĸaĵē yºnl¿ 

pozitif gerilme transferinin ortaya ­ēktēĵē gºr¿lmektedir. Buna ek olarak, Balēkgºl¿ fayē 

ve Doĵubeyazēt fayē civarēnda da pozitif gerilme deĵiĸimleri gºzlemlemek m¿mk¿nd¿r.  
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Odak mekanizmasē ­ºz¿mleri Tend¿rek volkanē civarēnda genellikle normal fay tipini 

temsil etmekteyken, ­evre fay ve fay zonlarēna yakēn episantrlara sahip depremlerin odak 

mekanizmasē tipleri doĵrultu atēmlē olarak elde edilmiĸtir. Bu sonu­lar, Tend¿rek volkanē 

altēndaki depremlerin volkanik birimler ile iliĸkili olabileceĵini iĸaret etmektedir. Bunun 

yanēnda ­evre bºlgelerde meydana gelen depremlerin ise ilgili faylar ile uyumlu olduĵunu 

ve tektonik kºkenli olduĵu ­ēkarēmēnē desteklemektedir. Sonu­ olarak, Tend¿rek volkan 

kalderasē altēndaki magma aktivitesi k¿­¿k magnit¿dl¿ volkanik-tektonik depremlere 

neden olabilirken, ­evre fay zonlarēnēn da tektonik deprem ¿retkenliĵi devam etmektedir.  
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¥ZET 

Bu ­alēĸma kapsamēnda, Muĸ ve civarēndaki (T¿rkiye) g¿ncel deprem potansiyeli ile 

gelecek deprem oluĸumlarē i­in istatistiksel analizler ger­ekleĸtirilmiĸ ve 2025 yēlē 

baĸlangēcēndaki sismik aktivite deĵiĸimleri deĵerlendirilmiĸtir. Bu ama­la, deprem 

oluĸumlarēnēn magnit¿d-frekans daĵēlēmēnē tanēmlayan b-deĵeri, oluĸma olasēlēklarē, 

tekrarlama periyodlarē ve depremsellik oran deĵiĸimlerini tanēmlayan standart normal 

sapma Z-deĵeri gibi deprem istatistiĵinin temel parametreleri arasēndaki iliĸkiler dikkate 

alēnmēĸtēr. Muĸ ve civarēnda 2020 yēlēndan sonra meydana gelen iki g¿­l¿ 14 Haziran 

2020 (Mw=5.8) ve 17 ķubat 2023 (Mw=5.0) depremleri, T¿rkiyeônin bu bºlgesindeki 

g¿ncel deprem potansiyelini/tehlikesini net bir ĸekilde ortaya koymaktadēr. Ķstatistiksel 

analizler i­in, 12 Kasēm 1934-31 Aralēk 2024 yēllarē arasēnda yaklaĸēk 90.13 yēllēk 

s¿re­te, 38.2ÁK-39.6ÁK enlemleri ile 40.0ÁD-43.0ÁD boylamlarē arasēnda moment 

magnit¿dleri 1.0¢Mw¢6.9 arasēnda deĵiĸen 15.312 deprem kullanēlmēĸtēr. Tamlēk 

magnit¿d¿ Mc-deĵeri 2.7 olarak kabul edilmiĸ ve b-deĵeri 0.77°0.04 olarak 

hesaplanmēĸtēr. Bu deĵer, magnit¿d-frekans daĵēlēmēnēn ortalama b~1.0 ile ºnerilen 

deĵerinden nispeten k¿­¿kt¿r ve buda Muĸ ve civarēnda artan bir gerilmeye iĸaret 

edebilir. G¿­l¿/yēkēcē depremler i­in Mw=5.0, 5.5, 6.0, 6.5 ve 6.9 b¿y¿kl¿ĵ¿ndeki 

depremlerin orta vadede (10 yēl) oluĸma olasēlēklarē sērasēyla ~%97, ~%75, ~%43, ~%21 

ve ~%11 olarak tahmin edilmiĸtir. Bu b¿y¿kl¿kteki depremlerin tekrarlama periyodlarē 

ise sērasēyla ~3 yēl, ~7 yēl, ~18 yēl, ~43 yēl ve ~86 yēl olarak hesaplanmēĸtēr. Sismik 

durgunluk analizi i­in MwÓ2.7 alēnarak ayrēĸtērēlmēĸ ve 3471 depremden oluĸan katalog 

kullanēlmēĸtēr. 2025 yēlē baĸlangēcēnda, y¿ksek Z-deĵerleri (sismik durgunluk alanlarē) 

Yedisu ve Kargapazarē segmentleri arasēnda, Bingºl ve Kavakbaĸē Fay zonu civarēnda, 
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Varto Fay zonu, Akdoĵan Gºl¿ fayē, Ha­lē Gºl¿ fayē ve Malazgirt fayēnē i­eren alanlarda 

gºzlenmiĸtir ve bu bºlgeler gelecekteki deprem oluĸumlarē i­in olasē bºlgeler olarak 

yorumlanabilir. Sonu­ olarak, t¿m parametrelerin birlikte deĵerlendirilmesi, Muĸ ve 

civarēndaki g¿ncel ve orta vadede deprem potansiyelinin ve tehlikesinin ortaya 

konulmasēna katkēda bulunacaktēr.  

Anahtar Kelimeler: Muĸ, b-deĵeri, deprem olasēlēĵē, tekrarlama periyodu, sismik 

durgunluk 

A STATISTICAL APPRAISAL ON THE CURRENT AND FUTURE 

EARTHQUAKE POTENTIAL/HAZARD IN MUķ AND ITS VICINITY 

(T¦RKĶYE) 

 

ABSTRACT 

In the scope of this work, statistical analyses of current earthquake potential and future 

earthquake occurrences in Muĸ and its surroundings, T¿rkiye, were performed and the 

changes in seismic activity at the beginning of 2025 were evaluated. For this purpose, the 

relationships between the basic parameters of earthquake statistics such as b-value, which 

defines the magnitude-frequency distribution of earthquake occurrences, occurrence 

probabilities, recurrence periods and standard normal deviation Z-value, which defines 

the seismicity rate changes, were taken into consideration. Two strong earthquakes that 

occurred in and around Muĸ after 2020, on June14, 2020 (Mw=5.8) and February 17, 

2023 (Mw=5.0), clearly reveal the current earthquake potential/hazard in this region of 

T¿rkiye. For the statistical analyses, 15,312 earthquakes with moment magnitudes 

ranging from 1.0¢Mw¢6.9 between the latitudes of 38.2ÁN-39.6ÁN and longitudes of 

40.0ÁE-43.0ÁE, over a period of approximately 90.13 years between November 12, 1934 

and December 31, 2024, were used. Magnitude of completeness Mc-value was accepted 

as 2.7 and b-value was calculated as 0.77°0.04. This value is relatively smaller than the 

suggested value of magnitude-frequency distribution with the average b~1.0 and this may 

indicate an increasing stress in and around Muĸ. For the occurrence probabilities of 

strong/destructive earthquakes with magnitudes Mw=5.0, 5.5, 6.0, 6.5 and 6.9 in the 

intermediate-term (10 years) were estimated as ~97%, ~75%, ~43%, ~21% and ~11%, 

respectively. Recurrence periods of the events with these magnitudes were calculated as 

~3 years, ~7 years,  ~18 years, ~43 years and ~86 years, respectively. For seismic 

quiescence analysis, a catalog that was declustered by considering MwÓ2.7 and including 

3471 earthquakes was utilized. At the beginning of 2025, large Z-values (seismic 

quiescence areas) were observed between Yedisu and Kargapazarē segments, in and 

around Bingºl and Kavakbaĸē Fault zone, including Varto Fault zone, Akdoĵan Gºl¿ 

fault, Ha­lē Gºl¿ fault and Malazgirt fault, and these regions may be interpreted as 

possible areas for the future earthquake occurrences. As a result, appraisal of all 

parameters together will contribute to revealing the current and intermediate-term 

earthquake potential and hazard in and around Muĸ.   
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Keywords: Muĸ, b-value, earthquake probability, recurrence period, seismic quiescence 

 

1. GĶRĶķ 

Depremselliĵin bºlgesel ve zamana baĵlē deĵiĸimleri ¿zerine yapēlan deĵerlendirmeler 

deprem istatistiĵindeki en ºnemli uygulamalardan biridir. Deprem oluĸumlarē rastgele 

deĵildir ve nicel bir deprem tehlike deĵerlendirmesi ile deprem potansiyelinin 

tanēmlanmasē i­in Gutenberg-Richter b-deĵeri, fraktal boyut Dc-deĵeri, standart normal 

sapma Z-deĵeri, gerilme analizleri, depremlerin oluĸma olasēlēklarē ve tekrarlama 

periyodlarē gibi farklē deĵiĸkenler, modeller veya g¿­ yasalarē kullanēlmaktadēr (ºrneĵin, 

Ogata vd., 1991; Chouliaras ve Stavrakakis, 2001; Scholz, 2015; Nanjo, 2020; ¥zt¿rk ve 

Alkan, 2023; Tinti ve Gasperini, 2024; Alkan vd., 2025). Bu parametreler kullanēlarak 

deprem tahmini/kestirimi iki ĸekilde yapēlabilir: (i) ºnc¿ deĵiĸimlere ait deneysel 

gºzlemler, (ii) deprem aktivitesinin istatistiksel analizleri. Eĵer sismik davranēĸlar 

istatistiksel bir tabana oturtulabilirse, bºlgesel ve zaman baĵlē analizler g¿ncel deprem 

potansiyeli/tehlikesi i­in olduk­a ºnemli hale gelir. 

T¿rkiyeônin sismo-tektonik a­ēdan d¿nyanēn en aktif bºlgelerinden biri olduĵu bilinir ve 

buna baĵlē olarak T¿rkiyeônin farklē zonlarēndaki deprem potansiyelini/tehlikesini ortaya 

koyabilmek i­in ­ok sayēda araĸtērma yapēlmaktadēr. Son yēllarda, ºzellikle T¿rkiyeônin 

Doĵu Anadolu Bºlgesi (DAB) g¿­l¿/yēkēcē deprem oluĸumlarē a­ēsēndan ºnemli bir 

potansiyele sahiptir. DABônde Avrasya-Anadolu-Arap levhalarēnēn gºreceli hareketleri 

ve Bitlis-Zagros Bindirme Zonu (BZBZ) boyunca meydana gelen deformasyon, bu 

bºlgede ek tektonizma ve sismik aktiviteye neden olmaktadēr. 2011 Van depremi ve 

sonrasēndaki art­ē ĸoklarē, Van Gºl¿ havzasēnēn doĵu kēsmēnda meydana gelen ve sēkēĸma 

rejimiyle iliĸkili ºnemli tektonik aktivitelerdir. Muĸ Fay zonu (MFZ), Kavakbaĸē Fay 

zonu(KBZ) ve Varto Fay zonu (VFZ), Muĸ ve civarēnēn tektoniĵinde ºnemli etkiye 

sahiptir. Muĸ ili ve ­evresindeki bazē ºnemli tektonik yapēlar Yayla, Yenisu, Akdaĵ, 

Kazbel, Akdoĵan Gºl¿, Ha­lē Gºl¿, Nazik Gºl¿, Malazgirt ve Nemrut faylarē olarak 

verilebilir. Ayrēca, Kargapazarē, Elmalē, Karlēova, Ilēca, Palu, Lice-Dicle, Kulp ve Kozluk 

gibi bir­ok segment de bu ana faylarēn hareketlerini kontrol etmektedir (Gºrsel 1). Bu 

tektonik yapēlarēn faylanma mekanizmalarē esas olarak doĵrultu atēmlē ve normal 

faylanma gºstermektedir (Emre vd., 2018). Dolayēsēyla, Muĸ ve civarē karmaĸēk bir 

tektoniĵe sahiptir ve yakēn ge­miĸte ­ok sayēda g¿­l¿/yēkēcē depreme maruz kalmēĸtēr. Bu 

depremlerden bazēlarē, 29 Nisan 1903 Muĸ-Malazgirt (Mw6.7, moment magnit¿d¿), 31 

Mayēs 1946 Muĸ-Varto (Mw5.9), 19 Aĵustos 1966 Muĸ-Varto (Mw6.8), 22 Mayēs 1971 

Bingºl (Mw6.9), 1 Mayēs 2003 Bingºl (Mw6.4), 8 Mart 2010 Kovancēlar (Mw6.0) ve 15 

Haziran 2020 Bingºl (Mw5.6) depremleri olarak verilebilir (KRDAE, Boĵazi­i 

¦niversitesi, Kandilli Rasathanesi ve Deprem Araĸtērma Enstit¿s¿). 
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Gºrsel 1. Muĸ ve civarē i­in ana tektonik yapēlar ve yerleĸim merkezleri (Faylar ve isimleri 

Emre vd., 2018ôten alēnmēĸtēr. F: Fay, FZ: Fay Zonu, S: Segment). 

 

Bu ­alēĸmanēn temel amacē, 2025 yēlē baĸlangēcēnda Muĸ ve civarēndaki depremselliĵin 

bºlgesel ve zamana baĵlē davranēĸlarēnē analiz ederek deprem potansiyeli/tehlikesi i­in 

farklē bir bakēĸ aĸēsē sunmaktēr. Bunun i­in magnit¿d-frekans i­eriĵini tanēmlayan b-

deĵeri, depremlerin geri dºn¿ĸ¿m periyodlarē ve oluĸma olasēlēklarē ve sismik durgunluk 

Z-deĵeri gibi istatistiksel parametrelerin deĵerlendirilmesi ger­ekleĸtirilmiĸtir. 

Ķstatistiksel analizler i­in ZMAP-6 (Wiemer, 2001), Coulomb-3.4 (Toda vd., 2011) ve 

Generic Mapping Tools, GMT (Vessel vd., 2019) yazēlēmlarē kullanēlmēĸtēr. Elde edilen 

bulgular yalnēzca deprem davranēĸlarēnē tanēmlamaya deĵil aynē zamanda ­alēĸma 

alanēndaki deprem oluĸumlarēnēn anlaĸēlmasēna da katkēda bulunacaktēr. Sonu­ olarak, bu 

parametreler Muĸ ve civarē i­in deprem potansiyeli/tehlikesinin ve gelecekte olmasē 

muhtemel depremlerin bºlgesel ve zaman baĵlē araĸtērmalarē i­in ºn bulgular 

saĵlayacaktēr.  

 

2. VERĶ VE Y¥NTEM 

Bu ­alēĸmada, istatistiksel analizleri ger­ekleĸtirebilmek i­in moment magnit¿d¿ne (Mw) 

gºre homojen bir deprem kataloĵu kullanēlmēĸtēr ve bu katalog kapsamēnda 1905-2019 

yēllarē arasēndaki deprem verisi Tan (2021)ôden alēnmēĸtēr. Bu veriye ek olarak, 2019-

2025 yēllarē arasēnda yerel magnit¿de (ML) sahip kēsmē ise KRDAE web sayfasēndan 

(http://www.koeri.boun.edu.tr/sismo/2/tr/) temin edilmiĸtir. 2019-2025 yēllarē arasēnda 

Mwôye gºre homojen bir katalog hazērlayabilmek i­in Tan (2021) tarafēndan ºnerilen 

baĵēntē (Mw=1.017*ML-0.012) kullanēlmēĸtēr. Bºylece, 1905-2025 yēllarē arasēnda 

T¿rkiye ve civarē i­in 542.172 depremi i­eren bir veri seti elde edilmiĸtir. Daha sonra, 

­alēĸma alanēndaki depremler se­ilmiĸ ve 12 Kasēm 1934-31 Aralēk 2024 yēllarē arasēnda 

yaklaĸēk 90.13 yēllēk bir zaman dilimi i­erisinde 38.2ÁK-39.6ÁK enlemleri ve 40.0ÁD-

43.0ÁD boylamlarē arasēnda 1.0¢Mw¢6.9 arasēnda deĵiĸen 15.312 depremi i­eren bir 

katalog hazērlanmēĸtēr (Gºrsel 2). 
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Gºrsel 2. Muĸ ve civarēnda 1934-2025 yēllarē arasēnda 1.0¢Mw<6.9 olan 15.312 depremin 

episantr haritasē. Magnit¿d deĵiĸimleri farklē sembollerle gºsterilmiĸtir. 

 

2.1. b-deĵeri (Gutenberg-Richter iliĸkisi) ve Mc-deĵeri (tamlēk magnit¿d¿) 

Depremlerin magnit¿d-frekans daĵēlēmē, Gutenberg ve Richter (1944) tarafēndan 

ºnerilen ampirik iliĸki ile tanēmlanēr ve aĸaĵēdaki denklemle verilir: 

 

                                                                                                                          (1) 

Gutenberg-Richter (G-R) iliĸkisinin b-deĵeri olarak bilinen bu ifadede N(M); 

magnit¿d¿ Môden b¿y¿k veya ona eĸit olan belirli periyottaki depremlerin k¿m¿latif 

sayēsēdēr. a ve b-deĵerleri iliĸki katsayēlarē olup, a-deĵeri deprem aktivitesi, ­alēĸma 

alanēnēn boyutu ve kataloĵun s¿resi ile, b-deĵeri ise G-R iliĸkisinin eĵimi ile iliĸkilidir. 

b-deĵerindeki deĵiĸimler, k¿­¿k ve b¿y¿k depremlerin rºlatif oranlarē, sismo-tektonik 

ortamlarēn ºzellikleri ve gerilme deĵiĸimleri gibi bir­ok parametre ile iliĸkilidir. Ayrēca, 

jeolojik karmaĸa, ­atlak yoĵunluĵu, malzeme heterojenitesi, sizmik dalga hēz deĵiĸimleri, 

fay uzunluĵu ve soĵurulma, yamulma koĸullarē, atēm daĵēlēmlarē, tektonik ºzellikler ve 

termal gradyan gibi ortamēn deĵiĸen ºzellikleri b-deĵeri ¿zerinde etkilidir. Literat¿r 

­alēĸmalarē, b-deĵerinin farklē tektonik zonlar i­in 0.3 ile 2.0 arasēnda deĵiĸim 

gºsterdiĵini, ortalama b-deĵerinin ise 1.0 civarēnda olduĵunu ortaya koymuĸtur (Frohlich 

ve Davis, 1993). b-deĵerinin tahmininde ve depremsellik oran deĵiĸimlerinin analizinde 

g¿venilir sonu­lar i­in ­ok sayēda veri kullanēmē ºnemlidir. Dolayēsēyla tamlēk (kesme) 

magnit¿d¿ (Mc) ºnemli bir parametredir ve analizlerin ºncesinde hesaplanmalēdēr. Mc-

deĵeri, bir deprem kaydēnēn en k¿­¿k magnit¿d deĵeri olarak tanēmlanēr ve 

hesaplamalarda verinin %90-95ôinin temsil edilebildiĵi deĵer olarak kabul edilir ve 

magnit¿d-deprem sayēsē daĵēlēmēna dayalē olarak yapēlēr (Wiemer ve Wyss, 2000). 
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2.2. Deprem oluĸma olasēlēĵē ve tekrarlama periyodu 

G-R iliĸkisi deprem istatistiĵinin temel baĵēntēsēdēr ­¿nk¿ depremlerin meydana 

gelme olasēlēklarēnēn ve tekrarlama periyodlarēnēn tahmini i­in kullanēlēr. Belirli 

dºnemlerde ve farklē b¿y¿kl¿klerdeki depremler i­in oluĸma olasēlēklarē G-R iliĸkisi 

kullanēlarak aĸaĵēdaki denklemle verilir (Tabban ve Gen­oĵlu, 1975): 

 

                                                                                                       (2) 

         

Bu denklemde P(M); en azēndan bir depremin belirli Tr periyodlarēndaki oluĸma 

olasēlēĵēdēr. N(M) ve M deĵerleri 1. denklemden elde edilir. 2. denklem Poisson 

daĵēlēmēnēn bir ifadesidir. N(M) ayrēca, yēl olarak olaylarēn sayēsēnē ifade eder. Bununla 

birlikte, belirli b¿y¿kl¿kteki herhangi bir olayēn tekrarlama (geri dºn¿ĸ¿m) periyodu ise 

aĸaĵēdaki form¿lle verilir (Tabban ve Gen­oĵlu, 1975): 

 

                                                                                                                (3) 

 

Burada Q; bir depremin tekrarlama periyodudur ve magnit¿d¿ Môye eĸit ve ondan 

b¿y¿k olan bir depremin oluĸumu i­in tahmin edilen zaman aralēĵēdēr.  

 

2.3. Ayrēĸtērma iĸlemi ve depremsellik oran deĵiĸimleri (sismik durgunluk, Z-

deĵeri) 

Depremsellik oran deĵiĸimlerinin analizinde tekd¿ze bir deprem verisi elde 

edebilmek i­in kataloglara ayrēĸtērma iĸlemi uygulanmalēdēr. Bu ayrēĸtērma iĸlemi 

birbirine baĵēmlē b¿t¿n olaylarē her bir gruptan ayērēr ve b¿t¿n birincil olaylar farklē bir 

deprem olarak kaydedilir. Bºylece, ºnc¿ ĸok, art­ē ĸok, deprem yēĵēlēmē ve patlatma gibi 

baĵēmlē ve baĵēmsēz olaylar birbirinden ayrēlēr. Bu ­alēĸmada, deprem kataloĵunun 

ayrēĸtērēlabilmesi i­in, Reasenberg (1985) tarafēndan tanēmlanan ve ZMAP yazēlēmēnda 

mevcut olan ayrēĸtērma algoritmasē kullanēlmēĸtēr. Deprem aktivitesindeki durgunluk 

hipotezi ilk kez Wyss ve Habermann (1988) tarafēndan ºnerilmiĸtir ve deprem 

aktivitesinde ºnemli bir azalēmē ifade eder. ZMAP tekniĵi, deprem aktivitesinde mevcut 

olan durgunluĵu ortaya koyabilmek i­in kullanēlēr. Z-testi (standart normal sapma), 

standart sapma biriminde g¿ven d¿zeyinin istatistiksel olarak deĵerlendirilebilmesi i­in 

LTA(t) fonksiyonunu (Long Term Average, Uzun Vadeli Ortalama) kullanēr: 

 

                                                                                                        (4) 

 

Bu denklemde Rt¿m; t¿m periyodlardaki ortalama aktivite oranēnē (deprem sayēsē), 

Rwl; d¿ĸ¿n¿len zaman aralēĵēndaki ortalama depremsellik oranēdēr. St¿m ve Swl; bu 

periyodlardaki deprem yoĵunluk fonksiyonlarēnēn standart sapmalarē, Nt¿m ve Nwl ise 
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ºl­¿len sismik aktivite oranē i­in ºrneklerin sayēsē ile iliĸkili parametrelerdir. Sonu­ta, Z-

deĵeri (sismik durgunluk) zamanēn bir deĵiĸkeni olarak hesaplanēr ve LTA olarak 

tanēmlanēr. 

 

3. BULGULAR VE TARTIķMA 

Bu ­alēĸma, 2025 yēlē baĸlangēcēnda Muĸ ve civarēndaki deprem potansiyeli/tehlikesi 

hakkēnda istatistiksel olarak bir ºn deĵerlendirme yapmayē ama­lamaktadēr. Depremlerin 

b¿y¿kl¿kleri 1.0-6.9 arasēnda deĵiĸmektedir ve b¿y¿kl¿kleri 1.0-3.0 arasēnda deĵiĸen 

depremlerin sayēsēnda belirgin bir artēĸ olduĵu gºr¿lm¿ĸt¿r. Mw<3.0 olan 12.768 deprem, 

3.0¢Mw<4.0 olan 2188 deprem, 4.0¢Mw<5.0 olan 292 deprem, 5.0¢Mw<6.0 olan 54 

deprem, Mw²6.0 olan 10 deprem mevcuttur ve en b¿y¿k deprem Mw=6.9ôtur. 

Depremlerim magnit¿d-frekans daĵēlēmē ve G-R iliĸkisinin b-deĵeri Gºrsel 3ôte 

verilmiĸtir. b-deĵeri t¿m depremleri i­eren orijinal katalog kullanēlarak ve tamlēk 

magnit¿d¿ Mc=2.7 alēnarak maksimum olasēlēk yºntemi ile 0.77°0.04 olarak 

hesaplanmēĸtēr. Gºrsel 3ôte gºr¿ld¿ĵ¿ gibi deprem daĵēlēmlarē G-R iliĸkisi ile iyi bir 

ĸekilde temsil edilmektedir ve hesaplanan deĵerin, ortalama b-deĵerinin 1.0 olarak 

ºnerildiĵi dikkate alēndēĵēnda, nispeten k¿­¿k olduĵu sºylenebilir. Dolayēsēyla bu durum, 

Muĸ ve civarē i­in artan bir gerilmenin varlēĵēna iĸaret edebilir.  

 

 

Gºrsel 3. Muĸ ve civarēndaki deprem aktivitesi i­in G-R iliĸkisi ve b-deĵeri. b-deĵeri ve 

standart sapmasē, a-deĵeri, Mc-deĵeri ve standart sapmasē ĸekil ¿zerinde verilmiĸtir. 

Muĸ ve civarēndaki t¿m deprem aktivitesi kullanēlarak elde edilen deprem oluĸma 

olasēlēklarē ve tekrarlama periyodlarē Gºrsel 4ôte verilmiĸtir. Tr=10-100 yēl arasēndaki 

zaman aralēklarē i­in %~90-100 arasēnda deĵiĸen y¿ksek oluĸma olasēlēklarē 1.0ÒMwÒ5.0 

aralēĵēndaki depremler i­in tahmin edilmiĸtir. Mw=5.5 b¿y¿kl¿ĵ¿ndeki bir depremin 

farklē Tr periyotlarēndaki oluĸma olasēlēklarē ise %~75-100 arasēnda deĵiĸim 

gºstermektedir. Elde edilen bulgulara gºre Mw=6.0, 6.5 ve 6.9 b¿y¿kl¿ĵ¿ndeki 

depremlerin orta vadede (10 yēl) oluĸma olasēlēklarē sērasēyla ~%43, ~%21 ve ~%11 

olarak tahmin edilmiĸtir. Bu belirli magnit¿d deĵerlerine ek olarak b¿t¿n magnit¿d 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΝΥΡ 
 

deĵerleri i­in farklē Tr periyodlarēndaki oluĸma olasēlēklarē Gºrsel 4aôdan tahmin 

edilebilir. Ayrēca t¿m magnit¿d seviyeleri i­in depremlerin tekrarlama periyodlarē Gºrsel 

4bôde verilmiĸtir. Yaklaĸēk 1 yēldan daha k¿­¿k tekrarlama periyodlarē Mw=1.0-4.5 

arasēndaki depremler i­in gºzlenirken, ~1-10 yēl arasēnda tekrarlama periyoduna sahip 

depremler Mw=4.5-5.7 arasēnda deĵiĸim gºstermektedir. ~10-30 yēl arasēndaki 

tekrarlama periyodlarē Mw=5.7-6.3 aralēĵēndaki depremler i­in tahmin edilmiĸken, 30 

yēldan daha uzun tekrarlama periyoduna sahip depremler ise Mw=6.3ôten b¿y¿kt¿r. Elde 

edilen bulgulara gºre, Mw=6.0, 6.5 ve 6.9 b¿y¿kl¿ĵ¿ndeki depremlerin tekrarlama 

periyodlarē ise sērasēyla ~18 yēl, ~43 yēl ve ~86 yēl olarak tahmin edilmiĸtir. Bu belirli 

magnit¿d deĵerlerine ek olarak b¿t¿n magnit¿d deĵerleri i­in tekrarlama periyodlarē 

Gºrsel 4bôden tahmin edilebilir. Sonu­ olarak, bu tahminler Muĸ ve civarēndaki deprem 

potansiyeli/tehlikesini ortaya koymada birincil ve g¿venilir bulgular saĵlayabilir. 

 

   

 

Gºrsel 4. (a) Tr=10, 20, 30, 40, 50, 60, 70, 80, 90 ve 100 yēllēk periyodlar i­in depremlerin 

oluĸma olasēlēklarē. (b) Tekrarlama periyodlarē. 

 

Sismik durgunluk analizi i­in 1934-2025 yēllarē arasēnda MwÓ1.0 olan toplam 15.312 

depremi i­eren veri setine ayrēĸtērma iĸlemi uygulandēktan sonra 11.659 deprem 

(%º23.86) katalogdan ­ēkarēlmēĸtēr. Mc=2.7 kabul edilerek, ayrēĸtērēlmēĸ katalog 

i­erisindeki Mw<2.7 olan 8188 deprem de katalogdan ­ēkarēlmēĸtēr. Ayrēĸtērma iĸlemi ve 

Mc-deĵeri dikkate alēnarak yapēlan ­ēkarma iĸlemi sonucunda toplamda 11.571 

(%~77.33) deprem katalogdan ­ēkarēlmēĸ ve Z-deĵeri hesabē i­in 3471 depremi i­eren 

homojen ve tek d¿ze bir veri seti elde edilmiĸtir. Bu veri seti kullanēlarak elde edilen Z-

deĵeri haritasē Gºrsel 5ôte verilmiĸtir. Z-deĵeri haritasēnē oluĸturabilmek i­in ­alēĸma 

bºlgesi 0.02Á³0.02Áôlik grid aralēklarēna bºl¿nm¿ĸ ve zaman penceresinin uzunluĵu 

Tw=5.5 yēl ve buna baĵlē olarak ta kesme zamanē 2019.4746 olarak alēnmēĸtēr. Gºrsel 5ôte 
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gºr¿ld¿ĵ¿ gibi, 2025 yēlē baĸlangēcēnda sismik durgunluk gºzlenen beĸ bºlge tespit 

edilmiĸtir. Bu bºlgeler,  Yedisu ve Kargapazarē segmentleri arasēnda (A Bºlgesi), Bingºl 

(B Bºlgesi) ve Kavakbaĸē Fay zonu (C Bºlgesi) civarēnda, Varto Fay zonu (D Bºlgesi), 

Akdoĵan Gºl¿ fayē, Ha­lē Gºl¿ fayē ve Malazgirt fayē arasē (E Bºlgesi) olarak verilebilir. 

Sonu­ olarak, 2025 yēlē baĸlangēcē itibariyle sismik durgunluĵun gºzlendiĵi bu bºlgeler 

gelecek deprem oluĸumlarē a­ēsēndan ºnemli olabilir ve standart normal sapma Z-testi 

sonu­larē Muĸ ve civarē i­in gelecek deprem potansiyeli/tehlikesi i­in ºnc¿ belirtilerin 

g¿venirliliĵini artērabilir. 

 

 

Gºrsel 5. Bºlgesel sismik durgunluk (Z-deĵeri). 2025 yēlē baĸlangēcēnda durgunluk gºsteren 

bºlgeler (A, B, C, D ve E) ĸekil ¿zerinde gºsterilmiĸtir. 

 

¢alēĸma kapsamēnda istatistiksel olarak deĵerlendirilen sismo-tektonik parametreler, orta 

vadede deprem potansiyeli/tehlikesini belirlemede ºnemli bulgular ortaya koymaktadēr. 

¥ncel ve Wyss (2000), Polat vd., (2008), ¥zt¿rk ve Alkan (2023) tarafēndan yapēlan 

­alēĸmalarda, d¿ĸ¿k b-deĵeri ile temsil edilen bir bºlgenin artan gerilme ile iliĸkili 

olabileceĵi, y¿ksek Z-deĵerine sahip alanlarēn ise yakēn gelecekte olabilecek bir deprem 

i­in en olasē bºlgeler olabileceĵi ifade edilmiĸtir. Ayrēca, g¿­l¿/yēkēcē depremler i­in 

tahmin edilen yaklaĸēk %50ôden b¿y¿k oluĸma olasēlēklarē ile yaklaĸēk 5-10 yēl gibi orta 

vadede tekrarlama periyodlarē, Muĸ ve civarēndaki g¿ncel deprem potansiyeli ve 

tehlikesinin y¿ksek olduĵunu ortaya koymaktadēr. Bu sonu­lar dikkate alēndēĵēnda, 

y¿ksek Z-deĵerlerini gºzlendiĵi Yedisu ve Kargapazarē segmentleri, Bingºl ve Kavakbaĸē 

Fay zonu, Varto Fay zonu, Akdoĵan Gºl¿, Ha­lē Gºl¿ ve Malazgirt faylarēnē i­eren 

alanlar orta vadede deprem oluĸumlarē i­in olasē yerler olarak deĵerlendirilebilir. 

Dolayēsēyla, farklē sismo-tektonik parametreler arasēndaki istatistiksel analizler g¿ncel 

deprem potansiyeli/tehlikesinin tahmin edilmesinde katkē saĵlayabilir ve anormal 

deĵiĸimlerin gºzlendiĵi bu bºlgelere dikkat edilmelidir. 
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4. SONU¢LAR 

Bu ­alēĸmada, Muĸ ve civarē (T¿rkiye) i­in g¿ncel deprem potansiyelinin ile gelecek 

deprem tehlikesinin belirlenebilmesi amacēyla, 2025 yēlē baĸlangēcēnda bºlgedeki deprem 

aktivitesinin davranēĸlarē ortaya konulmaya ­alēĸēlmēĸtēr. Bu kapsamda, deprem 

istatistiĵinin en sēk kullanēlan parametreleri olan sismo-tektonik b-deĵeri, sismik 

durgunluk Z-deĵeri, depremlerin oluĸma olasēlēklarē ve tekrarlama periyodlarē arasēndaki 

iliĸkiler analiz edilerek bu parametrelerde gºzlenen deĵiĸimlerin gelecek deprem 

oluĸumlarēnēn bºlge-zaman-magnit¿d olarak tahmin edilmesinde kullanēlabilirliĵi 

araĸtērēlmēĸtēr. Ķstatistiksel analizler i­in 1934-2025 yēllarē arasēndaki magnit¿dleri 

1.0¢Mw¢6.9 aralēĵēnda deĵiĸen 15.312 depremi i­eren, yaklaĸēk 90.13 yēllēk periyotta, 

38.2ÁK-39.6ÁK enlem ve 40.0ÁD-43.0ÁD boylamlarē arasēndaki deprem verisi 

kullanēlmēĸtēr. ¢alēĸma alanē i­in tamlēk magnit¿d¿ Mc=2.7 alēnarak b-deĵeri 0.77°0.04 

olarak hesaplanmēĸtēr. Ortalama b-deĵerinden (~1.0) nispeten k¿­¿k olan bu deĵer 

bºlgedeki b¿y¿k magnit¿dl¿ deprem oluĸumlarēyla iliĸkili olarak a­ēklanabilir ve 

bºlgedeki artan gerilme daĵēlēmēna iĸaret edebilir. Mw=5.0, 5.5, 6.0, 6.5 ve 6.9 

b¿y¿kl¿ĵ¿ndeki depremlerin 10 yēl i­erisinde oluĸma olasēlēklarē sērasēyla ~%97, ~%75, 

~%43, ~%21 ve ~%11 olarak, bu b¿y¿kl¿kteki depremlerin tekrarlama periyodlarē ise 

sērasēyla ~3 yēl, ~7 yēl, ~18 yēl, ~43 yēl ve ~86 yēl olarak hesaplanmēĸtēr. 2025 yēlē 

baĸlangēcēnda, Yedisu ve Kargapazarē segmentleri arasēnda, Bingºl ve Kavakbaĸē Fay 

zonu civarēnda, Varto Fay zonu, Akdoĵan Gºl¿ fayē, Ha­lē Gºl¿ fayē ve Malazgirt fayēnē 

i­eren alanlarda sismik durgunluklar gºzlenmiĸtir. Muĸ ve civarēnēn ge­miĸ 

depremselliĵi, hesaplanan deprem tekrarlama periyodu ve oluĸma olasēlēklarē dikkate 

alēndēĵēnda, 2025 yēlē itibari ile orta vadede (~10 yēl) magnit¿d¿ 5.0ôten b¿y¿k bir 

depremin meydana gelme ihtimali olduk­a y¿ksektir. Sonu­ olarak, farklē istatistiksel 

parametreler arasēndaki iliĸkiler Muĸ ve civarēndaki g¿ncel ve gelecek gelecek deprem 

potansiyeli/tehlikesinin ve olasē deprem bºlgelerinin tahmininde katkē saĵlayabilir. 
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ABSTRACT 

The Internet of Things (IoT) 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 embedded system 

solution focused on developing IoT-based remote monitoring and control mechanisms. 

The developed system utilizes an STM32F407VGT6 ARM-based microcontroller and a 

SIMCOM A7670E GSM module to provide real-time 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 

Node-RED platform and remote RGB LED control, are integrated. This study offers a 

low-cost, low-energy, user-friendly, and flexible solution that combines embedded 

systems with IoT, highlighting its application potential in fields such as agriculture, 

industry, and security. 

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. IoT 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 resources, and 

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 IoT-based embedded 

systems 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 IoT applications [2]. These 

microcontrollers enable integration with a wide range of peripherals while also providing 

energy efficiency, enabling long-term operation of IoT devices. These advantages offered 

by the STM32 make systems more reliable, functional, and efficient, and optimize device 

performance [3]. 

The capabilities provided by the IoT, such as efficiency, remote control, and automation, 

have become indispensable for both individual users and industrial applications. For 

example, in an IoT-based application developed for the battery management system in 

electric vehicles, an STM32-based microcontroller was integrated for real-time 

monitoring of battery parameters and transmission of data to the server. Supported by 

4G/LTE technology, this system ensured fast and reliable data transmission [4]. In a 

similar study, a smart bird cage developed using ESP8266 and STM32F4 series 

microcontrollers provided a user-friendly experience by optimizing the cage environment 

with IoT control [5]. In another study, the authors proposed field monitoring and control 

of manufactured medical refrigerators via the ESP32 Wi-Fi module [6]. In the designed 

system, a medical product installed by the end user can notify the manufacturer of any 

errors and provide real-time tracking. Such projects demonstrate the potential of IoT 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 real-time disease monitoring in traditional disease 

diagnosis and treatment methods, the authors designed a wearable wireless body area 

network monitoring system based on the low-power, high-speed STM32 processor [7]. 

Another study proposed monitoring human vital signs in real time and transmitting 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 

microcontroller-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 IoT-based 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 IoT devices to communicate with cloud-based 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 IoT devices, 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, particularly in remote monitoring and 

control scenarios, increases the scalability of IoT systems. 

The Node-RED platform was chosen for data visualization and remote control. By 

offering a user-friendly interface and powerful visualization tools, Node-RED simplifies 

the process of visualizing and controlling real-time data from IoT 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, low-cost, and energy-efficient 

communication infrastructure for IoT-based 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 an 

IoT-based system were carefully selected and integrated. The system design utilized 

various hardware components, including the STM32F407G-DISC1 development board, 

SIMCOM A7670E GSM module, SHT30 temperature and humidity sensor, and RGB 

LED. The integration of these components aimed to create a flexible, low-cost, and 

energy-efficient system that meets the requirements of IoT applications. 

The STM32F407G-DISC1 development board offers an ideal platform for IoT 

applications with its high-performance ARM Cortex-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 applications requiring simultaneous control 

of multiple peripherals, and its high data processing capacity ensures reliable and fast 

operation of IoT systems [1]. 

The designed system uses the STM32F407G-DISC1 development board to provide 

interaction with peripherals. UART (Universal Asynchronous Receiver/Transmitter), I2C 

(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 100 kHz via the I2C 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 solution optimized 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 energy-sensitive applications. Furthermore, its 

extensive AT command set allows users to customize the module and easily integrate it 

with various IoT protocols and platforms. With its robust connectivity and compatibility, 

the A7670E ensures uninterrupted performance in real-time data transmission. 

One of the most significant problems encountered in IoT 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 to receive internet service, the IoT system cannot 

function. The SIMCOM A7670E GSM module used allows IoT devices to connect to the 

internet via mobile networks. Communication between the module and the 

STM32F407G-DISC1 card is implemented via AT commands over the UART protocol. 

This integration enables reliable transmission of real-time data and communication with 

a cloud-based broker via the MQTT protocol. 

The SHT30 temperature and humidity sensor was selected to measure temperature and 

humidity values. This sensor offers increased intelligence, reliability, and improved 

accuracy compared to its predecessors. The sensor includes advanced signal processing, 

two user-selectable I2C protocol addresses, and functionality supporting communication 

speeds of up to 1 MHz. Therefore, data exchange between the STM32F407G-DISC1 and 

the SHT30 sensor is implemented via the I2C protocol. I2C is widely used in sensor-based 

IoT systems due to its low pin count and high-speed data transfer. 

An RGB LED module is used in the system for visual notifications and user interaction. 

This module is controlled via three digital output pins from STM32F407G-DISC1. The 

color combinations are configured to indicate the status of the IoT system and provide 

feedback to users. The purpose of using RGB 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 implemented on the STM32F407VGT6 series 

microcontroller. The STM32CubeIDE 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 facilitates the management 

of peripherals on the microcontroller by providing a hardware-independent abstraction. 

The STM32 microcontroller transmits temperature and humidity values obtained from 

the SHT30 via I2C protocol to the A7670 GSM module via AT commands over UART. 

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 each command 

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 color the 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 a long string structure is distinguished from each other by 

their tags. 

MQTT is a lightweight, low-bandwidth protocol that is widely preferred, especially in 

IoT applications. An MQTT broker is a server that enables communication between 

devices operating with the 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 receives messages sent by publishers and forwards them to the relevant 

subscribers. 

Node-RED platform provides a visual programming environment, allowing users to 

easily create flowcharts that enable data transmission, control, and monitoring between 

devices. Flows are 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 services using a visual interface. 

By combining all the hardware and software mentioned in the Materials and Methods 

section, the targeted IoT-based embedded system was achieved. Figure 1 shows the 

overview of the prototype created using the STM32F407G-DISC1 development board, 

SIMCOM A7670E module, SHT30 sensor, and an RGB LED. 

 

 
Figure 1. System setup 
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3. RESULTS AND DISCUSSION 

On nod-red control panel temperature and humidity values can be observed graphically 

via remote access, as seen in Figure 2a. Additionally, three color buttons allow you to 

change the desired color values. For example, as seen in Figure 2a, the ñRedò and ñBlueò 

color information is sent to the STM32 board via the MQTT broker, and the RGB LED 

on the motherboard becomes ñPurpleò, as seen in Figure 1. The ñPurpleò color is then 

returned to the interface as a response. Two types of graphical displays were chosen: 

instantaneous and recorded data. For example, Figure 2b shows the instantaneous 

humidity value within acceptable limits, while Figure 2c shows the humidity value 

outside acceptable limits. Figure 2d shows all the information recorded up to that date. 

Clicking on the graph displays the current value, as shown in Figure 2e. In Figure 2f, the 

color information sent to the A7670E module via the MQTT broker is displayed, while 

in Figure 2g, the response information sent via STM32 is displayed. 
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Figure 2. Screens a) Nod-RED control panel, b) instantaneous humidity, c) humidity value 

outside acceptable limits, d) humidity information recorded up to that date, e) humidity 

current value, f) RGB lighting control ve g) response of STM32. 

4. CONCLUSION 

In this study, a reliable, low-cost, and energy-efficient communication infrastructure was 

developed for IoT-based embedded system applications. The developed system aims to 

increase the effectiveness of wireless connectivity, a critical component for IoT 

applications, by enabling IoT devices to communicate with cloud-based 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 module's real-time 

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 Node-RED platform was chosen for data visualization and user-friendly 

system design. Node-RED offers powerful visualization tools that facilitate real-time data 

analysis and control, making the system accessible to both technical and end users. The 

platform's drag-and-drop interface allows users to easily manage complex data flows and 

expands the system's usability. This developed system not only demonstrates the 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 areas such as agriculture, 

industry, and smart cities, serves as a benchmark that can contribute to the wider adoption 

of IoT solutions. 

Future work is poised to further expand the system's potential. Integrating with different 

sensors and platforms will enhance the 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 IoT requirements. This 

work provides significant value to technology and industry by offering an innovative 

model that not only meets current IoT requirements but also contributes to the growth of 

the IoT ecosystem. Future work aims to transform this system from a structure that simply 

addresses current needs to a leading platform offering innovative solutions in IoT 

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 were conducted on the utility of vibration in fault detection. In this 

context, vibration data from the refrigerator was collected using an IIS3DWB three-axis 

microelectronic mechanical system sensor installed in the refrigerator, using an ARM 

Cortex-M4-based STM32WB 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 data could 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 maintenance, sensor, 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 waste. Safe 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 protection. 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 appliances 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 potential 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] conducted 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 pre-maintenance prediction of air 

compressors used extensively in industrial areas. 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 studies in 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 study, 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 high-speed STM32WB5MM microcontroller was used to collect and 

process high-frequency vibration data. The STM32WB5MMG is a dual-core (ArmÈ 

CortexÈ-M4 and CortexÈ-M0+) wireless microcontroller module developed by 

STMicroelectronics. With integrated Bluetooth 5.2 and IEEE 802.15.4 (Thread, Zigbee) 

support, it offers a powerful solution for IoT 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. With these features, the STM32WB5MMG provides a reliable and flexible 

platform for embedded system projects requiring wireless connectivity. 

IIS3DWB acceleration sensor was used to obtain vibration data. The IIS3DWB is a three-

axis MEMS accelerometer manufactured 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 analysis applications. Its digital output, embedded sensor hub, 

and low power consumption make it easily integrated into IoT-based vibration monitoring 

systems. This makes the IIS3DWB a popular choice for smart sensor solutions designed 

to improve machine performance and reliability.  

The IIS3DWB sensor, a digital MEMS accelerometer, communicates with the 

STM32WB5MMG microcontroller via the IĮC interface. For hardware connectivity, the 

IIS3DWB'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 

peripheral (IĮC v) is activated to read/write data from the sensor. 
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STM32CubeIDE was used for software development; this environment facilitates SPI/IĮC 

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 projects. During the programming phase, the connection 

was first verified by reading the sensor's ID register (WHO_AM_I). The measurement 

mode was then set by writing the necessary configuration registers. The measurement 

data was then transferred to the microcontroller, either 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 AND DISCUSSION 

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 dynamic response 

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. IIS3DWB 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 shown in Figure 3. 

 

 

Figure 3. IIS3DWB 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 significant 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 compressor, a refrigeration system used 

in homes, were detected using an IIS3DWB three-axis accelerometer sensor to allow for 

early detection of faults. The detected data was captured using ST's ARM Cortex-M4-

based STM32WB microcontroller and visualized using ST's STEVAL-PROTEUS1 

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 generated vibrations. 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 implemented. Finally, when evaluated within 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 Sturm-Liouville sēnēr deĵeri problemleri, doĵa bilimlerindeki bir­ok ºnemli 

uygulamada ortaya ­ēkmaktadēr. Sturm-Liouville denklemlerinin (SLD) bazē ºnemli 

uygulamalarē arasēnda kuantum fiziĵi, n¿kleer fizik, kuantum kimyasē, akēĸkan akēĸlarēnēn 

kararlēlēĵē/kararsēzlēĵē, atom titreĸimleri ve elektronik durumlar, end¿stri, ekoloji ve 

diĵerleri yer alēr. Bu nedenle Sturm-Liouville ºzdeĵer ve sēnēr deĵer problemlerini 

­ºzmek i­in yenilik­i teoriler ve ­eĸitli programlama yazēlēmlarē geliĸtirilmiĸtir. Dahasē, 

bu problemler son yēllarda kapsamlē bir ĸekilde incelenmiĸ ve ­ºz¿mleri bir­ok 

araĸtērmacēnēn ilgisini ­ekmiĸtir. Sturm-Liouville probleminin genel olarak bir analitik 

(kesin) ­ºz¿m¿ olmadēĵēndan, ­ºz¿m yaklaĸēk olarak, yani ºzfonksiyonlar ve 

ºzdeĵerlerle belirlenir. ¥zdeĵerler bulunduktan sonra, ºzfonksiyonu temsil eden analitik 

bir ­ºz¿m elde edilebilir. Sturm-Liouville problemleri i­in, adi diferansiyel operatºrlerin 

spektral teorisinde b¿y¿k bir  baĸarē saĵlanmēĸtēr. Non-standart s¿reksiz katsayēlē Sturm-

Liouville denklemi i­in sēnēr deĵer problemleri jeofizik, elektromanyetik, elastik ve diĵer 

m¿hendislik ve fizik alanlarēnda ortaya ­ēkar; ºrneĵin, toroidal titreĸimlerin ve D¿nya'nēn 

serbest titreĸimlerinin modellenmesi, emici olmayan bir ortamēn s¿reksiz malzeme 

ºzelliklerinin yeniden yapēlandērēlmasē s¿reksiz katsayēlē Sturm-Liouville denklemi i­in 

sēnēr deĵer ge­iĸ ĸartlē problemlere yol a­ar. S¿reksiz ºzdeĵer problemlerinin ºzdeĵer ve 

ºzfonksiyonlarēnē bulmak i­in bir­ok araĸtērma yapēlmēĸ ve bu problemleri ­ºzmek i­in 

­ok sayēda yºntem geliĸtirilmiĸ ve bunlar bilim ve m¿hendislikte yaygēn olarak 

uygulanmēĸtēr. Bu ­alēĸmanēn amacē s¿reksizlik noktasē i­eren bir periyodik Sturm-

Liouville problemi i­in, Rayleigh oranē ve Rayleigh-Ritz form¿l¿ (minimizasyon ilkesi) 

gibi ºnemli spektral ºzellikleri geniĸletmek ve genelleĸtirmektir. Rayleigh oranē, katē 

mekaniĵin yanē sēra kuantum mekaniĵinde de kullanēlan ºnemli bir yaklaĸēm yºnteminin 

temelidir. ¥rneĵin, kuantum mekaniĵinde, ­ok elektronlu atomlar ve molek¿ller gibi 

­ºz¿lemeyen kuantum sistemlerinin enerji ºzdeĵerlerinin tahmininde kullanēlēr. 

Anahtar Kelimeler :  Sturm-Liouville problemi, Rayleigh-Ritz yºntemi, ge­iĸ ĸartē. 
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1. GĶRĶķ   

Klasik Sturm-Liouville teorisi hem diferansiyel operatºrlerin spektral teorisinde hem de 

fizik problemlerinin modellenmesi ve ­ºz¿m¿ alanēnda ºnemli bir yer tutmaktadēr. ve 

Akhiezer ve Glazman [2], Atkinson [3], Coddington ve Levinson [6], Levitan ve Sargsjan 

[7], Naimark  [9] kaynaklarē bu teorinin geliĸimi ile ilgili kaynaklardēr. Farklē ºzelliklerin 

adi diferansiyel denklemler i­in ­eĸitli sēnēr deĵer problemlerine aktarēlmasēna adanmēĸ 

geniĸ bir literat¿r mevcuttur. Baĵēmsēz deĵiĸkenlerin ayrēlmasē yºnteminin ēsē akēĸēna 

uygulanmasēnda tarihsel kºkleri olan Sturm-Liouville teorisi, yalnēzca diferansiyel 

operatºrlerin spektral teorisinde deĵil, aynē zamanda uygulamalē matematikte de en 

g¿ncel ve en kapsamlē geliĸen alanlardan biridir, ­¿nk¿ bu teorinin fizik ve 

m¿hendislikteki uygulamalarē yaygēndēr. Isē ve k¿tle transferi problemlerinde, telin 

titreĸimi problemlerinde, aerodinamikte, polimer reolojisinde, kuantum mekaniĵinde ve 

diĵer bir­ok alanda bu problemlerin, on sekizinci y¿zyēlēn baĸlarēndan baĸlayarak yēllar 

i­inde etkili olduĵu kanētlanmēĸtēr. Son yēllarda, matematiksel fizikte yeni ve ilgi ­ekici 

uygulamalarēn ortaya ­ēkmasēyla baĵlantēlē olarak, aralēklarēn ortak u­larēnda ek iletim 

koĸullarē bulunan iki veya daha fazla ayrēk aralēkta tanēmlanan Sturm-Liouville 

problemlerine artan bir ilgi duyulmaktadēr [1, 4, 8, 11]. ¥rneĵin, katmanlar arasē ēsē 

transferi, karmaĸēk ortamēn elektrodinamiĵi, D¿nya'nēn serbest salēnēmlarē vb. gibi 

s¿re­ler, ek iletim koĸullarēyla verilmiĸ ­ok aralēklē Sturm-Liouville problemlerinin 

ortaya ­ēkmasēna yol a­abilir (ºrneĵin bkz. [5, 10]). Sturm-Liouville denklemleri, genel 

olarak Fourier'in spektral yºntemi, yani deĵiĸkenlerin ayrēlmasē yºntemi ile ­eĸitli kēsmi 

diferansiyel denklem sēnēflarēnēn ­ºz¿m¿nde ortaya ­ēkar. ¥rneĵin Schrºdinger 

denklemleri, Hermite denklemleri, Legendre denklemleri, Airy denklemleri vb. gibi 

matematiksel fiziĵin ºnemli denklemleri Sturm-Liouville tipi denklemlerdir.  

Bu ­alēĸmada 

            

(1)         

diferensiyel denkleminden 

(2) 

(3) 

periyodik sēnēr ĸartlarēndan ve de  ve  s¿reksizlik noktalarēnda verilen  

                                                                             

(4) 

                                                                           

(5) 
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(6) 

                                                                            

(7) 

ge­iĸ ĸartlarēndan oluĸan ¿­-aralēklē bir Sturm-Liouville ºzdeĵer problemi araĸtērēlmēĸtēr. 

Bu ­alēĸma boyunca    fonksiyonu aralēklarēnēn her 

birinde s¿reklidir ve  sonlu ( ) (i=1,2) limit deĵerleri  mevcuttur (burada  

 gºsteriminden yararlanēlmēĸtēr). Ayrēca   olmak 

¿zere   ĸeklinde alēnacaktēr. Bu t¿r Sturm-Liouville 

problemleri yalnēzca D¿nya'nēn salēnēmlarē, akustik yayēlēm, telin veya zarēn titreĸimi, 

akēĸkan veya elektromanyetik dalgalar gibi tamamen farklē fiziksel olaylarēn 

modellenmesinde ortaya ­ēkmaktadēr. Son zamanlarda, ­eĸitli klasik olmayan Sturm-

Liouville problemleri araĸtērmacēlar tarafēndan b¿y¿k ilgi gºrm¿ĸt¿r ­¿nk¿ bu problemler 

fizik ve m¿hendislikteki bir­ok problemi ­ºzmek i­in uygulanmaktadēr (bak, [6]). 

¥zellikle, s¿reksiz koĸullar i­eren Sturm-Liouville problemleri, ekonomi, fizik ve 

m¿hendislik de dahil olmak ¿zere bir­ok disiplinde yaygēn olarak kullanēlmaktadēr. Tēp 

ve fizik alanlarēndaki bir­ok pratik konu, i­ s¿reksizliklere sahip diferansiyel operatºrlere 

dºn¿ĸt¿r¿lmeyi gerektirir. ¥rneĵin, k¿tle transferi ve ēsē iletimi problemleri, telin 

titreĸimi ve ēĸēk kērēlēmē problemleri s¿reksizlik i­eren problemlerdir. S¿reksiz noktalarēn 

iki tarafē arasēndaki iliĸkiyi tanēmlamak i­in belirli koĸullar eklenmelidir; bu kriterler 

sēklēkla aray¿z koĸullarē, ge­iĸ ĸartlarē veya etkileĸim koĸullarē olarak adlandērēlēr. Son 

yēllarda bir­ok araĸtērmacē, i­ s¿reksizliĵi olan sēnēr-deĵer problemlerine odaklanmēĸtēr 

ve bu alanda ºnemli ilerlemeler kaydedilmiĸtir. 

 

2. RAYLEĶGH ORANI VE MĶNĶMUM PRENSĶBĶ 

ɳ Hilbert uzayēnda ◔  operatºr¿ i­in   bir ºzdeĵer-ºzfonksiyon ­ifti olsun. 

Bu durumda 

 

eĸitliĵi saĵlanēr. Bu eĸitlikten  

 

yazēlabilir. Bu eĸitlik Rayleigh oranē olarak adlandērēlēr ve bu oran  bir  ºzdeĵeri ile ona 

karĸēlēk gelen ɣ ºzfonksiyonu arasēnda baĵlantē saĵlar. ¥zellikle kuantum fiziĵinde ilk 

ºzdeĵeri bulmak ºnemlidir. Rayleigh oranē  bu  a­ēdan ºnemli bir rol oynar. 
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Teorem 1.  

(1) denkleminin  ºzdeĵer-ºzfonksiyon ­ifti  olsun. (1)-(7) problemi i­in Rayleigh 

oranē   

       

                              +  

                               

                                                         

(8) 

ĸeklindedir. 

Ķspat. Ķlk olarak 

  

eĸitliĵinin her iki tarafē  ile ­arpēlēp  dan   e kadar integrallenirse 

       

                           +  

                            

                                

bulunur. Bu son eĸitlikte kēsmi integrasyon uygulanērsa istenilen (8) eĸitliĵi elde edilir. 

Not. (8) eĸitliĵi (1)-(7) problemi i­in Rayleigh oranē olarak adlandērēlēr. 

Teorem 2. (Minimum Prensibi) 

 (2)-(7) sēnēr-ge­iĸ ĸartlarēnē saĵlayan t¿m sēfērdan farklē s¿rekli fonksiyonlar i­in 

Rayleigh oranēnēn infēumum deĵeri, en k¿­¿k ºzdeĵere eĸittir yani 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΞΜΤ 
 

         

                                    +  

                                     

                                                               

(9) 

eĸitliĵi saĵlanēr. Burada infimum (2)-(7) ge­iĸ ĸartlarēnē saĵlayan t¿m  

fonksiyonlarē ¿zerinden alēnēr. 

Ķspat 2.  , (1)-(7) Sturm-Liouville probleminin ºzdeĵerlerinin artan bir dizisi olsun.  

  

olmak ¿zere Rayleigh oranē 

          +    

                                                        

(10) 

bi­imindedir. ķimdi, keyfi  fonksiyonunu ortogonal ºzfonksiyonlar  cinsinden  

geniĸletelim ve 

 

 

tanēmlayalēm. Eĵer   ise bu durumda  

 

serisi d¿zg¿n olarak  foksiyonuna yakēnsar. Burada ,  ortagonal 

fonksiyonlarēna gºre  fonksiyonunun Fourier katsayēsēdēr. Ķyi bilinen standart tekniĵi 

uygulayarak 
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elde ederiz. (11) ve (12)  eĸitlikleri (10) eĸitliĵinde yerine yazēlērsa 

                

         

 

             

                                                                                                                                              

(13) 

elde edilir.  fonksiyonlar sistemi ortogonal olduĵu i­in  (13) denklemi 

                                                                                  

 

ĸeklinde yazēlabilir.  ilk ºzdeĵer ve her m>1 i­in  olsun. Bu taktirde  

 

olur. Bºylece her     i­in  

 

elde edilir. Diĵer yandan, olduĵu a­ēktēr; burada , en k¿­¿k ºzdeĵer olan 

 ºzdeĵerine karĸēlēk gelen bir ºzfonksiyondur. Ķspat tamamlandē. 

Sonu­.    

Teorem 3.  (1)-(7) Sturm-Liouville probleminin ºzdeĵerleri olsun ve 

  gºsterilsin.  Bu durumda 

 

eĸitliĵi saĵlanēr. 
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Kanēt 3. (14) eĸitliĵini d¿ĸ¿nelim ve   olsun. Bu durumda 

 ve sonu­ olarak (13) eĸitliĵinden 

 

bulunur.  ƛœƛƴ   olduĵundan  olup  eĸitlik   

olmak ¿zere  saĵlanēr yani ɣ= . 

3. SONU¢LAR VE DEĴERLENDĶRME  

Rayleigh-wƛǘȊ ŦƻǊƳǸƭǸƴǸ όфύ ŜǒƛǘƭƛƐƛƴŜ ǳȅƎǳƭŀȅŀǊŀƪΣ ǘŜƳŜƭ ǀȊŘŜƐŜǊƭŜǊƛ ŀœƤƪœŀ ƘŜǎŀǇƭŀƳŀƪ 

ƘŜǊ ȊŀƳŀƴ ƳǸƳƪǸƴ ƻƭƳŀȅŀōƛƭƛǊΦ !ƴŎŀƪΣ ǳȅƎǳƴ ǘŜǎǘ ŦƻƴƪǎƛȅƻƴƭŀǊƤȅƭŀ  όуύ wŀȅƭŜƛƎƘ ƻǊŀƴƤ 

ƪǳƭƭŀƴƤƭŀǊŀƪΣ ǀȊŘŜƐŜǊƭŜǊ ƛœƛƴ ƛȅƛ ōƛǊ ȅŀƪƭŀǒƤƳ ŜƭŘŜ ŜŘƛƭŜōƛƭƛǊΦ !ȅǊƤŎŀ όмрύ ŦƻǊƳǸƭǸnden, her 

test fonksiyonu  ƛœƛƴ ŜƭŘŜ ŜŘƛƭƛǊΦ .ǳ ƴŜŘŜƴƭŜ ƪΦ ǀȊŘŜƐŜǊ ƛœƛƴ ōƛǊ Ǹǎǘ ǎƤƴƤǊ 

da bulunabilir. 
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DENKLEMĶNDE TEKĶLLĶĴE SAHĶP OLAN SINIR-DEĴER 

PROBLEMLERĶNĶN ¥ZDEĴER VE ¥ZFONKSĶYONLARININ BAZI 

¥ZELLĶKLERĶ 
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¥ZET 

Fizikte bir­ok farklē fiziksel s¿re­lerin ºzelliklerini araĸtērmak i­in, uygun matematiksel 

modellerin kurulmasē, bu modellerin ­ºz¿mlerinin olup olmadēĵēnē belirlenmesi yeterli 

koĸullarēn bulunmasē ve sēfērlar arasēndaki minimum mesafenin ya da belirli bir aralēktaki 

sēfēr sayēsēnēn tahmin edilmesi ºnemlidir. Bu t¿r s¿re­lerin modellenmesi sērasēnda ortaya 

­ēkan diferansiyel denklemler, bu denklemlerin ºzellikleri ile fiziksel ºzellikleri arasēnda 

bir baĵ kurulmasē gerekmektedir. Bu nedenle Sturm-Liouville denklemlerinin 

­ºz¿mlerinin varlēĵē ve ­ºz¿mlerinin davranēĸlarē, diferansiyel denklemler teorisinde 

b¿y¿k ºnem taĸēmaktadēr. Bu alanda ­ok geniĸ bir literat¿r vardēr. Ancak son yēllarda 

doĵa bilimlerinin farklē alanlarēnda karĸēmēza ­ēkan yeni ve klasik olmayan diferansiyel 

denklemlerin ­ºz¿mlerinin varlēĵē i­in yeni yeterli koĸullarēn elde edilmesine dair ilgi 

artmaktadēr. ¥zellikle ge­iĸ ĸartlarē i­eren klasik olmayan Sturm-Liouville t¿r¿ 

problemler, farklē fiziksel olaylarēn modellenmesinde sēk­a karĸēlaĸēlmaktadēr. ¥rneĵin, 

farklē dielektrik ºzellikler taĸēyan ferromanyetik ortamlardaki elektromanyetik olaylar, 

titreĸen katlanmēĸ zarlardaki davranēĸlar, elastik yapēlar, "hidrolik kērēlma" problemleri, 

ēsē ve k¿tle transferi, mekanik sistemlerin titreĸimleri gibi olaylar, genellikle ortamēn 

d¿zg¿n olmayan veya s¿reksiz ºzelliklerine baĵlēdēr. Bu ­alēĸma, ek iletim koĸullarē 

i­eren yeni t¿r Sturm-Liouville problemlerinin karĸēlaĸtērēlmasē ve salēnēm ºzellikleriyle 

ilgili incelemelere ayrēlmēĸtēr. ¢alēĸmanēn motivasyonu, bu problemlerin dayandērēldēĵē 

matematiksel fiziĵin bir­ok ºnemli problemlerinden kaynaklanmaktadēr. ¥rneĵin, 

D¿nya'nēn serbest salēnēmlarēnē incelemek i­in, toroidal salēnēmlarēn radyal baĵēmlēlēĵēnē 

belirleyen denklem ve Sturm-Liouville formundaki bazē denklemler kullanēlmaktadēr. Bu 

­alēĸmada, ­ºz¿mlerin sol ve saĵ u­ deĵerleri arasēndaki baĵlantēyē belirleyen ge­iĸ 

ĸartlarē i­eren problem incelenmiĸtir ve bu problem klasik Sturm-Liouville 

problemlerinden (SLP) farklēdēr. Bu ­alēĸma da ­ºz¿mlerin varlēĵē  davranēĸlarēnē 

incelemek i­in literat¿rde bulunan klasik yºntemleri genelleĸtirerek  ºzdeĵer ve 

ºzfonksiyonlar i­in bazē ºzellikler elde edilmiĸtir. 

Anahtar Kelimeler :  Tekil Sturm-Liouville problemi, ge­iĸ ĸartē, ºzfonksiyon. 

mailto:omukhtarov@yahoo.com%20-


LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΞΝΞ 
 

1. GĶRĶķ   

Ķkinci ve daha y¿ksek mertebeden adi diferansiyel denklemler ile tanēmlanan Sturm-

Liouville problemleri i­in literat¿rde ­ok sayēda araĸtērma mevcuttur.  Modern fiziĵin 

dalga denklemlerinin uygulamalarē da dahil olmak ¿zere elastikiyet ve titreĸim 

alanlarēndaki problemler Sturm-Liouville bir sēnēr deĵer problemidir. Ķstatikteki bazē 

problemler de bu t¿r problemlere indirgenebilir. Bu ­alēĸmada, bir Sturm-Liouville 

denklemi olarak adlandērēlan 

  ,                                        (1) 

lineer homojen ikinci mertebeden diferansiyel denkleminden  

       

(2) 

sēnēr ĸartlarēndan ve de  s¿reksizlik noktalasēnda verilen  

                   

(3)               

(4) 

ge­iĸ ĸartlarēndan oluĸan bir Sturm-Liouville ºzdeĵer problemi araĸtērēlmēĸtēr. Bu ­alēĸma 

boyunca    fonksiyonu aralēklarēnēn her birinde s¿rekli ve  sonlu  

, ,  ve    limit deĵerleri  

mevcut (burada   gºsteriminden yararlanēlmēĸtēr) ve ayrēca 

 aralēĵēnda  ve  kabul 

edilecektir. Bu t¿r sēnēr koĸullarē, gezegen yºr¿ngelerinin ve diĵer fiziksel olaylarēn 

incelenmesinde ve deĵiĸkenlerin ayrēlmasē yºntemiyle ­ºz¿len kēsmi diferansiyel 

denklemlerde kutupsal koordinatlarēn kullanēlmasē durumunda ortaya ­ēkar. Genel olarak, 

(1) denkleminin ºzdeĵerlerini analitik olarak elde etmek m¿mk¿n deĵildir. Ancak, 

ºrneĵin sonlu fark ve sonlu elemanlar yºntemleri gibi ­eĸitli yaklaĸēk yºntemler 

mevcuttur. Paine ve arkadaĸlarē [13], 

                                                                                                  (5) 

sēnēr koĸullarēyla birlikte (1) reg¿ler Sturm-Liouville denkleminin ºzdeĵerlerinin sonlu 

farklar yºntemiyle hesaplanmasēnē ele almēĸ ve  sabit olduĵunda,  daki hatanēn genel 

 i­in hata ile aynē asimptotik forma sahip olduĵunu gºstermiĸtir. Ayrēca, y¿ksek 

ºzdeĵerler i­in elde edilen tahminlerin doĵruluĵunun, genel  i­in elde edilen tahminleri 
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d¿zeltmek amacēyla    i­in bilinen hata kullanēlarak ihmal edilebilir kabul 

etmiĸlerdir. Sturm-Liouville problemlerindeki denklemlerin katsayēlarēnēn s¿reksizliĵi, 

heterojen ortamēn iki farklē malzemeden oluĸmasē ger­eĵine karĸēlēk gelir. Dahasē, 

s¿reksizlik i­eren sēnēr deĵer problemleri, ēsē ve k¿tle transferi, elektrostatik ve dalga 

problemi gibi bir­ok fiziksel problemde ortaya ­ēkar [2, 3, 9, 10]. Sobolev uzaylarēnda 

sēnēr deĵer problemlerinin spektral ºzellikleri ve ­ºz¿lebilirliĵi ¿zerine bazē sonu­lar [15, 

16] ­alēĸmalarēnda mevcuttur. S¿reksiz katsayēlē diferansiyel denklemler i­in bazē sēnēr 

deĵer problemleri Rasulov tarafēndan incelenmiĸtir [14]. S¿rekli katsayēlē ve sēnēr 

koĸullarēnda bir ºzdeĵer parametresi olan sēnēr deĵer problemlerinin soyut teorisi 

Yakubov ve Yakubov tarafēndan ­alēĸēlmēĸtēr (bkz. [16]). Bir­ok yazar s¿reksiz 

problemlerin incelenmesine katkēda bulunmuĸtur [1, 6, 7, 8]. Tek s¿reksiz nokta i­eren 

Sturm-Liouville problemlerinin izomorfizm, Fredholmness gibi ºzellikleri, Mukhtarov 

ve ­alēĸma arkadaĸlarē tarafēndan [4, 5, 6, 7, 8, 9, 11, 12] te incelenmiĸtir. Bu makalede, 

tek bir noktada s¿reksizlik noktasē i­eren tekilliĵe sahip olan bir Sturm-Liouville 

problemi araĸtērēlmēĸtēr. Bu problemin ºzdeĵer ve ºzfonksiyonlarē i­in bazē ºzellikler elde 

edilmiĸtir. 

2. ARAķTIRILAN PROBLEMĶN ¥ZDEĴER VE ¥ZFONKSĶYONLARININ BAZI 

¥ZELLĶKLERĶ 

Teorem 1.   ve   (1)-(4) probleminin iki ºzfonksiyonu olsun. Bu durumda 

 ise  

 

olacak ĸekilde bir  sabit sayēsē vardēr. 

  ise  

 

olacak ĸekilde bir  sabit sayēsē vardēr. 

Kanēt 1.  olsun.  ve  (1)-(4) probleminin 

ºzfonksiyonlarē olduĵundan (2) sēnēr ĸartēndan 

 

ve  
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yazēlabilir. Buradan ve   elde edilir. Bºylece  

 

bulunur. 

Teorem 2. ɛ sayēsē (1)-(4) probleminin bir ºzdeĵeri  olsun. Eĵer  ve   fonksiyonlarē ɛ 

ºzdeĵerine karĸēlēk gelen iki ºzfonksiyon ve  ise bu durumda  

 

olacak ĸekilde bir  sabit sayēsē vardēr. 

Kanēt 2. Eĵer     ve    sabit ise bir ºnceki teorem gereĵi ɣ=  

fonksiyonu da ayrēca (1) denkleminin bir ­ºz¿m¿d¿r. (5) saĵlandēĵē i­in 

. O halde diferansiyel denklemler teorisinden  olduĵu a­ēktēr. 

Yani  elde edilir. Benzer ĸekilde eĵer     ve    sabit ise bir ºnceki 

teorem gereĵi ɣ=  fonksiyonu da ayrēca (1) denkleminin bir ­ºz¿m¿d¿r. (6) 

saĵlandēĵē i­in   yazēlabilir. Buradan diferansiyel denklemler 

teorisinden iyi bilinen ­ºz¿m¿n varlēĵē ve tekliĵi hakkēnda teorem gereĵi  olduĵu 

a­ēktēr. Yani  elde edilir. 

Teorem 3. Aĸaĵēdaki i), ii), iii) ve iv) koĸullarēnēn saĵlandēĵēnē kabul edelim. 

i) q(x)                              

ii)  ise   ĸartē saĵlanēr 

iii)  

iv)  

O halde verilmiĸ s¿reksiz tekil Sturm-Liouville probleminin her bir ʈ  ºzdeĵeri i­in  

olur  yani s¿reksiz tekil Sturm-Liouville probleminin ºzdeĵerleri negatif deĵildir.  

Ķspat. ʈ bir ºzdeĵer, u(x, ʈ) ise bu ºzdeĵere karĸēlēk gelen ºzfonksiyon olsun. 

Bu durumda 

   ,                     (6) 

denkleminin her iki yanē  ile carpalērsa 

 

            =                                    (7) 

ºzdeĸliĵi bulunur. Bu son esitliĵin her iki tarafē  ve aralēklarēnda 

integrallenip sonra taraf-tarafa toplanērsa  ve  de kēsmi integrasyon yºntemi  uygulanērsa 
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                                                                   (8) 

 

eĸitliĵi bulunur.  sēnēr ĸartē kullanēlarak 

 

                                                                    (9) 

eĸitsizliĵi elde edilir. Teoremin ĸartē gereĵi   ĸartē saĵlandēĵē i­in  (9) 

eĸitsizliĵinden  

 

                                                                                                (10) 

eĸitsizliĵi bulunur.  

 ºzfonksiyonu (3), (4) ge­iĸ ĸartlarēnē saĵladēĵē ve de teoremin ĸartē gereĵi  

 
olduĵu i­in 

    

                              =  ( )   

                                                                                                                                  

(11) 

saĵlanēr. (9), (10) ve (11) eĸitlikleri (8) eĸitliĵinde yerine yazēlērsa, , 

ve  ĸartlarēnēn da saĵlandēĵēnē dikkate alēnērsa (8) eĸitliĵinin saĵ 

tarafēnda yer alan her bir terimin negatif olmadēĵē gºr¿l¿r. O halde (8) eĸitliĵinin sol tarafē 

da negatif deĵildir. Dolayēsēyla ʈ  ÓÏÎÕÃÕ ÅÌÄÅ ÅÄÉÌÉÒȢ dÓÐÁÔ ÂÉÔÔÉȢ 
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Teorem 4. Kabul edelim ki Teorem 3 in t¿m ĸartlarē saĵlansēn. Bu ĸartlara ilave olarak 

Ḵπ ĥÁÒÔąÎą ÙÁÎÉ ÅÎ ÁÚ ÂÉÒ  ÉëÉÎ  ĥÁÒÔąÎąÎ  ÄÁ 

ÓÁøÌÁÎÄąøąÎą ËÁÂÕÌ ÅÄÅÌÉÍȢ / ÈÁÌÄÅ ÖÅÒÉÌÍÉĥ ÉËÉ-ÁÒÁÌąËÌą ÔÅËÉÌ 3ÔÕÒÍ- Liouville 

ÐÒÏÂÌÅÍÉÎÉÎ ÔİÍ ĘÚÄÅøÅÒÌÅÒÉ ÐÏÚÉÔÉÆÔÉÒȢ 

dÓÐÁÔ.  ve  fonksiyonu ÄÅ ÓİÒÅËÌÉ ÏÌÄÕøÕ ÉëÉÎ ĘÙÌÅ 

 ÓÁÙąÓą ÖÁÒÄąÒ ËÉȟ  ÉëÉÎ  

ÓÁøÌÁÎąÒȢ  3ÏÎÌÕ  ÄÅøÅÒÌÅÒÉ ÍÅÖÃÕÔ ÏÌÄÕøÕ ÉëÉÎ ĘÙÌÅ ÂÉÒ  ÓÁÙąÓą 

mevcuttur ki  i­in  saĵlanēr. 

 

                                                                                

(12)  

 

gºsterelim.  ºzfonksiyon olduĵu i­in  olur. Ķlk ºnce  durumunu 

araĸtēralēm.   sayēsē istenilen kadar k¿­¿k alēnabileceĵi i­in 

 olacak bi­imde se­ilebilir. Bu durumda  

 

  

 

                                                                                                    

(13) 

eĸitsizliĵi ge­erli olur. ķimdi  

 

                                                                                                   

(14) 

 

gºsterilirse ve ºzfonksiyonlarēn hi­ bir pozitif ºl­¿ml¿ aralēkta ºzdeĸ olarak sēfēr 

olmayacaĵē dikkate alēnērsa   olduĵu kolayca anlaĸēlēr. O halde (14) 

eĸitsizliĵinden  

 

                                                  

(15) 

 

eĸitsizliĵi elde edilir. O halde (10), (11) ve (15) baĵēntēlarēnē (8)  eĸitliĵinde dikkate 

alēnērsa  

 

                          ʈ  = >0                      

(16)  
 

elde edilir. Buradan, >0 olduĵu i­in  sonucu elde edilir. Ķspat bitti. 
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Teorem 5. Kabul edelim ki Teorem 3 in t¿m ĸartlarē saĵlansēn. Bu durumda ʈ=0 iki-

aralēklē (1)-(4) tekil Sturm-Liouville probleminin ºzdeĵeri ise, ḳ0 (yani 

 i­in ) olur. Ayrēca bu durumda  ºzdeĵerine karĸēlēk 

gelen her ºzfonksiyon sabit fonksiyondur.  

Ķspat. Kabul edelim ki y=  (x) fonksiyonu ʈ=0 ºzdeĵerine karĸēlēk gelen 

ºzfonksiyondur. O halde (8) eĸitliĵi ve (16) eĸitsizliĵi gereĵi  

 

 
 

                                                                                                

 

                                                                                                    

                                                         

                                                                                                      

(17)        

 

eĸitliĵi saĵlanēr. (10) ve (11) eĸitsizlikleri gereĵi (18) eĸitliĵinden  

 

                                                     

(18) 

 

eĸitsizliĵi elde edilir. Son eĸitsizlikten kolayca   olduĵu elde edilir. Teoremin 

ĸartē gereĵi  olduĵu i­in ſ0 saĵlanēr. ķimdi ʈ=0 ºzdeĵerine karĸēlēk gelen 

her ºzfonksiyonun sabit fonksiyon olduĵunu gºsterelim.  (8) eĸitliĵini ʈ=0 ve ſ 0 

i­in yazarsak,  

 

 

                                                                                             

                                                                                             

                                                                                            

eĸitliĵini elde edilir. O halde (10) ve (11) gereĵi  

 

 

                      

 

elde edilir. Bu eĸitsizlikten ise teoremin ĸartlarē gereĵi   i­in 
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(19) 

  

elde edilir.  i­in  olduĵundan (19) baĵēntēsē ancak ve 

ancak , yani  (x)=const olduĵu durumda ge­erli olur. Ķspat bitti. 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

Bu ­alēĸmada esas aralēĵēn u­ noktalarēnda tekilliĵe sahip olan iki-aralēklē Sturm-

Liouville probleminin bir ­ok ºnemli spektral ºzelliĵi incelenmiĸtir. Bu t¿r problem 

literat¿rde ilk olarak bu ­alēĸmamēzda araĸtērēlmēĸtēr. Elde ettiĵimiz sonu­lar literat¿rden 

bilinen sonu­larē genelleĸtirmiĸtir. ¢alēĸmamēzda uyguladēĵēmēz yeni yºntemlerden 

yararlanēlarak sadece iki aralēklē ve esas aralēĵēn u­ noktalarēndan birinde veya her 

ikisinde tekilliĵe sahip olan Sturm-Liouville problemleri deĵil hem de ­ok aralēklē ve esas 

aralēĵēnēn u­ noktalarēnda tekilliĵe sahip olan Sturm-Liouville problemleri i­in de benzer 

sonu­lar elde edilmiĸtir.  

 

 KAYNAK¢A 

[1] Allahverdiev, B. P., Bairamov, E., Ugurlu, E., Eigenparameter dependent Sturmï

Liouville problems in boundary conditions with transmission conditions. J. Math. Anal. 

Appl. 401, 388ï396 (2013) 

[2] Aliev, B. A., Solvability of a boundary value problem for a second order elliptic-

differential operator equation with spectral parameter in the equation and boundary 

conditions. Trans. NAS Azerb. 4, 3ï16 (2010) 

[3] Agranovich, M.S., Spectral properties of diffraction problems. In: Voitovich, N.N., 

Kazenelenbaum, B.Z., Sivov, A.N. 

[4] Aydemir, K., Mukhtarov, O.S., Second-order differential operators with interior 

singularity. Adv. Differ. Equ. 2015, 26(2015) 

[5] Aydemir, K., Mukhtarov, O. S., Spectrum and Greenôs function of a many-interval 

SturmïLiouville problem. Z. Naturforsch. 70(5), 301ï308 (2015) 

[6]  Kandemir, M.,Irregular boundary value problems with discontinuous coefficients and 

the eigenvalue parameter. Mediterr. J. Math. 6, 317ï338 (2009) 

[7] Kandemir, M., Yakubov, Y., Regular boundary value problems with a discontinuous 

coefficient, functional-multipoint conditions, and a linear spectral parameter. Isr. J. Math. 

180, 255ï270 (2010) 

[8] Kandemir, M., Mukhtarov, O. S., Nonlocal SturmïLiouville problems with integral 

terms in the boundary conditions. Electron. J. Differ. Equ. 2017, 11 (2017) 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΞΝΦ 
 

[9] Li, K., Sun, J., Hao, X., Bao, Q., Spectral analysis for discontinuous non-self-adjoint 

singular Dirac operators with eigenparameter dependent boundary condition. J. Math. 

Anal. Appl. 453, 304ï316 (2017) 

[10] Likov, A.V., Mikhailov, Y.A., The Theory of Heat and Mass Transfer. 

Qosenergaizdat, Moscow (1963) (Russian) 

[11] Mukhtarov, O. S., Demir, H., Coerciveness of the discontinuous initial-boundary 

value problem for parabolic equation. 

Isr. J. Math. 114, 239ï252 (1999) 

[12] Mukhtarov, O.S., Yakubov, S., Problems for ordinary differential equations with 

transmission conditions. Appl. Anal. 81, 1033ï1064 (2002) 

[13] Paine, J. W., Hoog F. R. and Andersen, R. S. , On the correction of finite difference 

eigenvalue approximations for Sturm-Liouville problems, Computing, 26 (1981), 123-

139. 

[14] Rasulov, M. L., Methods of Contour Integration. Nort-Holland, Amsterdam (1967) 

[15] Shakhmurov, V. B., Linear and nonlinear abstract elliptic equations with VMO 

coefficients and applications. Fixed Point Theory Appl. 2013, 6 (2013) 

[16] Yakubov, S., Yakubov, Y., Differential-Operator Equation Ordinary and Partial 

Differential Equation. Chapman & Hall/CRC, Boca Raton (1999) 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΞΞΜ 
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¥ZET 

Uyku bozukluklarēnēn tanēlanmasē, insan yaĸam kalitesinin artērēlmasēnda kritik bir rol 

oynamaktadēr. Uyku bozukluklarē ve ºzellikle uyku apnesi, bireylerin fiziksel ve zihinsel 

saĵlēĵē ¿zerinde ciddi etkilere yol a­abilmektedir. Uyku evrelerinin uzmanlar tarafēndan 

manuel olarak sēnēflandērēlmasē olduk­a zahmetli olup, hata yapma olasēlēĵē y¿ksektir. Bu 

nedenle, uyku bozukluklarēnēn daha doĵru ve g¿venilir bir ĸekilde tanēlanabilmesi i­in 

makine ºĵrenmesi (ML) algoritmalarēnēn kullanēmē giderek daha fazla ºnem 

kazanmaktadēr. Bu alanda geliĸtirilecek y¿ksek doĵruluk oranēna sahip modeller, erken 

tanē ve etkili tedavi s¿re­lerine katkē saĵlayarak saĵlēk sistemlerine ºnemli faydalar 

sunabilir. Bu ­alēĸmada, uyku bozukluklarēnēn tanēlanmasē problemi i­in Random Forest, 

Extra Tree, Destek Vektºr Makineleri (SVM) ve Gradient Boosting olmak ¿zere dºrt 

farklē makine ºĵrenmesi algoritmasē kullanēlmēĸ ve bu algoritmalarēn hiperparametreleri 

Genetik Algoritma (GA) yºntemiyle optimize edilmiĸtir. Genetik Algoritma, uygunluk 

deĵerlerine dayalē olarak en iyi parametre kombinasyonlarēnē belirleyerek modellerin 

performansēnē artērmayē hedeflemektedir. Yapēlan deneyler sonucunda, ºzellikle Random 

Forest algoritmasēnēn %98.67 doĵruluk ve 0.9986 AUC deĵeri ile en y¿ksek baĸarēyē elde 

ettiĵi gºzlemlenmiĸtir. Genel olarak, elde edilen bulgular Genetik Algoritma ile yapēlan 

hiperparametre optimizasyonunun modellerin performansēnē ºnemli ºl­¿de artērdēĵēnē 

ortaya koymaktadēr. Varsayēlan parametrelerle ­alēĸan modellere kēyasla ­ok daha y¿ksek 

doĵruluk ve AUC deĵerleri elde edilmiĸtir. Bu sonu­lar, Genetik Algoritma destekli 

hiperparametre ayarlamasēnēn, uyku bozukluklarēnēn makine ºĵrenmesi ile 

sēnēflandērēlmasēnda etkili bir yºntem olduĵunu gºstermektedir.  

 

Anahtar Kelimeler:  Genetik Algoritma, Makine ¥ĵrenmesi, Uyku Bozukluĵu 
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ABSTRACT 

The diagnosis of sleep disorders plays a critical role in improving 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 for human error. Therefore, the use of machine learning 

algorithms for more accurate and reliable diagnosis of sleep disorders is gaining 

increasing importance. High-accuracy models to be developed in this field can contribute 

to early diagnosis and effective treatment processes, offering significant benefits to 

healthcare systems. In this study, four different machine learning algorithms ð Random 

Forest, Extra Tree, Support Vector Machine (SVM), and Gradient Boosting ð were used 

for the diagnosis of sleep disorders, 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 result of the 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 Algorithm 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 effective method for the classification of sleep 

disorders using machine learning.  

 

Keywords: Genetic Algorithm, Machine Learning, Sleep Disorder 
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1. GĶRĶķ 

Uyku, hem fiziksel hem de zihinsel saĵlēk i­in hayati ºneme sahip temel bir fizyolojik 

iĸlevdir. V¿cudun iyileĸmesini desteklerken, beynin ve hafēzanēn g¿­lenmesine yardēmcē 

olur [1]. ¥zellikle ­ocuklar ve yaĸlēlar gibi kaza riski y¿ksek gruplarda uyku kalitesi, 

biliĸsel fonksiyonlar ¿zerinde doĵrudan etkiye sahiptir. Yetersiz uyku, kalp hastalēĵē, 

diyabet ve obezite gibi ciddi saĵlēk sorunlarēna yol a­arak genel yaĸam kalitesini olumsuz 

etkileyebilir. Bu nedenle, uyku analizi ve takibi, yaĸam kalitesini artērmak ve saĵlēklē bir 

hayat s¿rd¿rmek a­ēsēndan olduk­a ºnemlidir. Amerikan Uyku Tēbbē Akademisiône 

(AASM) gºre, uyku beĸ temel evreye ayrēlmaktadēr: Uyanēklēk (W), Hēzlē Gºz Hareketi 

(REM) ve Hēzlē Olmayan Gºz Hareketi (NREM). NREM uykusu ise N1, N2 ve N3 olmak 

¿zere ¿­ alt evreye bºl¿n¿r. Uyanēklēkla uyku arasēndaki ge­iĸ s¿recine N1 evresi, yani 

hafif uyku denir [2]. Bu evreden sonra gelen, v¿cudun daha fazla gevĸediĵi ve uykunun 

biraz daha derinleĸtiĵi aĸama ise N2 olarak bilinmektedir. NREMôin en derin evresi ise 

N3ôt¿r ve genellikle delta uykusu olarak adlandērēlēr. REM evresi, kiĸinin derin uykuda 

olmasēna raĵmen gºz hareketlerinin devam ettiĵi bir dºnemdir. Uyku, kaslarēn ve duyusal 

sistemin dinlenmeye ge­tiĵi doĵal bir s¿re­ olsa da, beyin bu s¿re­ boyunca aktif 

­alēĸmaya devam eder. Beyinden alēnan EEG sinyalleri d¿zensiz ve deĵiĸken bir yapē 

sergiler ve uyku s¿resince s¿rekli olarak deĵiĸebilir. Bu EEG sinyalleri, 30 saniyelik 

zaman dilimlerinde analiz edilerek uyku evreleri belirlenmektedir [3].Uyku ­alēĸmalarē, 

bireyin hangi evrelerde uyuduĵunu ve olasē uyku bozukluklarēnē tespit etmek i­in bilgi 

saĵlamaktadēr. En sēk karĸēlaĸēlan uyku bozukluklarē arasēnda Ķnsomnia (uyuyamama), 

REM Uykusunda Kas Gevĸemesi Kaybē (RSWA), Obstr¿ktif Uyku Apnesi (OSA) ve 

Ķdyopatik REM Uyku Davranēĸ Bozukluĵu (iRBD) yer almaktadēr. Bu rahatsēzlēklar, hem 

yaygēnlēklarē hem de olumsuz saĵlēk etkileri nedeniyle toplumun geniĸ kesimlerini 

etkileyebilir [4]. 

Ķnsomnia, kiĸide uykuya dalmada zorluk veya yeterli zaman olmasēna raĵmen kaliteli 

uykuya ulaĸamama durumu olarak tanēmlanmaktadēr. Bu durum uzun vadede saĵlēk 

sorunlarēna ve g¿nl¿k yaĸamda iĸlev bozukluklarēna yol a­abilir. OSA ise, uyku sērasēnda 

hava yolunun ge­ici olarak tēkanmasē sonucu solunumun kesintiye uĵradēĵē bir durumdur. 

Bu bozukluk, oksijen seviyelerinin d¿ĸmesine, uykunun bºl¿nmesine ve kalp-damar 

hastalēklarē, biliĸsel problemler ve metabolik rahatsēzlēklar gibi ciddi saĵlēk sorunlarēna 

neden olabilir. iRBD, REM uykusu esnasēnda normalde olmasē gereken kas gevĸemesinin 

kaybolmasēyla ortaya ­ēkmaktadēr. Bu durum, kiĸinin r¿yalarēnē fiziksel olarak 

canlandērmasēna neden olabilir ve kendine zarar verme riski taĸēmaktadēr. Ayrēca iRBD, 

Parkinson hastalēĵē ve diĵer nºrodejeneratif bozukluklarēn erken belirtisi olabilir. 

Her uyku bozukluĵu, saĵlēklē bireylerden farklē sinyal ºr¿nt¿leriyle kendini 

gºstermektedir. Bu anormallikler, PSG (polisomnografi) adē verilen detaylē uyku verisi 

analizleriyle tespit edilir ve uzman doktorlar, bu sinyallerdeki sapmalara gºre ilgili uyku 

hastalēĵēnē teĸhis edebilir. Ancak bu s¿re­ zaman alēcēdēr ve insan hatasēna a­ēktēr, bu da 
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uyku evrelerinin farklē ĸekillerde yorumlanmasēna neden olabilir. Bir­ok araĸtērmacē, 

insan m¿dahalesini azaltmak amacēyla, sēk tekrar eden gºrevleri otomatikleĸtirmek i­in 

desenleri veya sonraki adēmlarē tahmin eden sēnēflandērma ve tahmin algoritmalarēnē 

i­eren teknikler geliĸtirmiĸtir. Satapathy ve diĵerleri [5], ­alēĸmalarēnda Random Forest 

(RF), K-Nearest Neighbors (KNN), Supoort Vector Machine (SVM) ve hibrit bir sinir aĵē 

modeli gibi ­eĸitli makine ºĵrenimi (ML) algoritmalarē kullanēlmēĸ ve bu modeller, uyku 

evresi sēnēflandērmasēnda %87.4 doĵruluk oranē elde etmiĸtir. Ramesh ve diĵerleri [6], 

Wisconsin Uyku Kohort veritabanēndaki 1479 kayēt kullanarak Extreme Gradient 

Boosting (XGB), Light Gradient Boosting Machine (LGBM),  CatBoost (CB), RF, KNN, 

Logistic Regression (LR), SVM gibi makine ºĵrenimi algoritmalarēyla y¿ksek riskli OSA 

hastalarēnē erken tespit etmeyi ama­lamēĸtēr. Bayes optimizasyonu ve genetik 

algoritmalarla hiperparametre ayarlamasē yapēlan ­alēĸmada, SVM algoritmasē %68.06 

doĵruluk ve %88.76 duyarlēlēk elde etmiĸtir. Baĸka bir ­alēĸmada [7], 48 ­alēĸmayē 

inceleyerek uyku apnesinin ºnemi ve bu alandaki zorluklarē ele alēnmēĸtēr. ¥zellikle EKG 

sinyallerinden uyku apnesi tespiti i­in SVM, RF ve derin ºĵrenme algoritmalarēnēn 

kullanēldēĵēnē belirtilmiĸtir. ¢alēĸmada, EKG sinyallerindeki farklēlēklar ve veri seti 

kēsētlamalarē gibi zorluklara raĵmen, SVM ve derin ºĵrenme tabanlē sinir aĵlarēnēn en iyi 

performansē gºsterdiĵi vurgulanmēĸtēr. Farklē bir ­alēĸmada araĸtērmacēlar [8], tek kanallē 

EKG verisi kullanarak uyku apnesi tespiti i­in Decision Tree (DT), KNN ve RF gibi 

geleneksel makine ºĵrenimi algoritmalarēnēn yanē sēra hibrit evriĸimli ve tekrarlayan sinir 

aĵlarēnē (CNN-DRNN) i­eren bir model geliĸtirmiĸtir. Bu modelde ºzellik ­ēkarēmē i­in 

hibrit CNN-DRNN mimarisi ve zaman desenlerini yakalamak i­in derin tekrarlayan sinir 

aĵlarē kullanēlmēĸ, ayrēca boyut indirgemesi amacēyla temel bileĸen analizi uygulanmēĸtēr. 

Sonu­ olarak hibrit model diĵer algoritmalara kēyasla daha y¿ksek doĵruluk elde etmiĸtir. 

Bu ­alēĸmada, uyku bozukluklarēnēn tanēlanmasē problemine yºnelik olarak Random 

Forest, Extra Tree, Destek Vektºr Makineleri (SVM) ve Gradient Boosting olmak ¿zere 

dºrt farklē makine ºĵrenmesi algoritmasē deĵerlendirilmiĸtir. Sºz konusu algoritmalarēn 

performanslarēnēn artērēlmasē amacēyla hiperparametre optimizasyonu, Genetik 

Algoritma (GA) tabanlē bir yºntem ile ger­ekleĸtirilmiĸtir. GA, uygunluk fonksiyonlarēna 

dayalē olarak en iyi parametre kombinasyonlarēnē arayarak modellerin sēnēflandērma 

baĸarēmēnē iyileĸtirmeyi hedeflemektedir.      

 

2. METODOLOJĶ 

Bu ­alēĸmada uyku bozukluklarēnēn belirlenmesi i­in dºrt farklē makine ºĵrenmesi 

algoritmasē kullanēlmēĸtēr. ¥nerilen yºntemde ºncelikle veri k¿mesinde yer alan cinsiyet, 

meslek, kan basēncē ve BMI kategorisi parametreleri etiket kodlayēcē kullanēlarak sayēsal 

deĵerlere dºn¿ĸt¿r¿lm¿ĸt¿r. Bu yaklaĸēm, kategorik verilerin makine ºĵrenmesi 

algoritmalarē i­in gerekli olan sayēsal formatlara verimli bir ĸekilde dºn¿ĸt¿r¿lmesini 

saĵladēĵē i­in tercih edilmiĸtir. Bu iĸlemin ardēndan, ºzellik deĵerlerini normalleĸtirmek 

ve sabit bir aralēkta tutmak amacēyla MinMax ºl­ekleme uygulanmēĸtēr. Bu adēm, verinin 

ºl­eĵine duyarlē olan algoritmalar i­in olduk­a kritiktir. Veri k¿mesi daha sonra, %70 
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eĵitim ve %30 test oranēyla ikiye ayrēlmēĸtēr. Model performansēnē optimize etmek ve 

aĸērē ºĵrenmeyi ºnlemek amacēyla, hiperparametre ayarlamalarē Genetik Algoritma 

yºntemiyle ger­ekleĸtirilmiĸtir. Son aĸamada ise, Random Forest, Estra Tree, SVM ve 

Gradient Boosting gibi ­eĸitli makine ºĵrenmesi teknikleri uyku bozukluklarēnē 

sēnēflandērmak i­in uygulanmēĸtēr. ¥nerilen yºntemin genel akēĸē Gºrsel 1ôde verilmiĸtir.  

 
Gºrsel 1. ¥nerilen yºntemin genel akēĸē 

 

2.1. Hiperparametre Optimizasyonu 

Hiperparametre optimizasyonu bir modelin mevcut performansēnēn bir anlēk gºr¿nt¿s¿n¿ 

yakalar ve bunu daha ºnce alēnmēĸ diĵer gºr¿nt¿lerle karĸēlaĸtērēr. Her makine ºĵrenimi 

algoritmasēnda, model eĵitilmeye baĸlamadan ºnce hiperparametrelerin tanēmlanmasē 

gerekir. Modelin hiperparametrelerinin hassas ĸekilde ayarlanmasē, doĵrulama verisi 

¿zerinde modelin performansēnē maksimize etmektedir. Hiperparametre deĵerlerini 

belirlemek genellikle manuel olarak ve ºnceki deneyimlere dayanarak yapēlmaktadēr. 

Ancak bu yºntem her veri setinde aynē baĸarēyē gºstermeyebilir. Bu nedenle, model 

yapēlandērmalarēnē daha etkili ĸekilde keĸfetmek i­in Izgara Arama, Rastgele Arama, 

Bayesian optimizasyonu ve Genetik Algoritma gibi otomatik hiperparametre ayarlama 

yºntemlerine ihtiya­ duyulmaktadēr. Bu ­alēĸmada, uyku bozukluklarēnēn belirlenmesi 

i­in kullanēlan makine ºĵrenmesi algoritmalarēnēn performansēnē artērmak amacēyla, 

hiperparametrelerin en uygun deĵerleri genetik algoritma yaklaĸēmēyla belirlenmiĸtir. 

 

2.2. Genetik Algoritma 

Genetik algoritma (GA), doĵal se­ilim ve genetik s¿re­lerden ilham alan bir evrimsel 

optimizasyon algoritmasēdēr ve bir­ok aday ­ºz¿m¿n bulunduĵu problemler i­in 

parametre ayarlamasē ve ­ºz¿m bulmada kullanēlmaktadēr [9]. Genetik Algoritmaôda, her 

hiperparametre bir kromozomla temsil edilir ve kromozomun ikili genleri, 

hiperparametrenin ondalēk deĵerini belirlemektedir. Kromozomlar ¿zerinde se­im, 
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­aprazlama ve mutasyon iĸlemleri uygulanarak en iyi parametreler bulunmaya ­alēĸēlēr. 

Y¿ksek uygunluk deĵerine sahip kromozomlar, sonraki nesle daha y¿ksek olasēlēkla 

aktarēlēr ve bu nesiller ebeveynlerinin avantajlē ºzelliklerini taĸēmaktadēr. ¢aprazlama, 

farklē kromozomlarēn genlerinin belirli oranlarda deĵiĸ tokuĸ edilerek yeni ­ºz¿mler 

oluĸturulmasēnē saĵlamaktadēr. Mutasyon ise genlerde rastgele deĵiĸiklik yaparak 

­eĸitliliĵi artērmaktadēr. Bu iĸlemler, gen havuzunun ­eĸitliliĵini koruyarak iyi 

­ºz¿mlerin kaybolma riskini azaltmaktadēr. 

 

2.3. Makine ¥ĵrenmesi Algoritmalarē 

Bu ­alēĸmada uyku bozukluklarēnēn belirlenmesi i­in Random Forest (RF), Extra Tree 

(ET), Support Vector Machine (SVM) ve Gradient Boosting olmak ¿zere dºrt makine 

ºĵrenme algoritmasē kullanēlmēĸtēr.  

Random Forest : 

Random Forest [10], Breiman tarafēndan geliĸtirilmiĸ olup, rastgele se­ilen 

verilerden ­ok sayēda karar aĵacē oluĸturarak d¿ĸ¿k sēnēflandērma hatasē saĵlamayē 

ama­lar. Rastgele ¿retilen aĵa­lar benzer tahmin hatalarē yaptēĵēndan, birbirleriyle daha 

az iliĸkili olup modelin aĸērē uyum yapmasēnē (overfitting) azaltabilirler. Oluĸturulan her 

aĵa­ sēnēflandērma i­in bir oy verir ve en ­ok oy alan sēnēf nihai tahmin olarak 

belirlenmektedir. 

Extra Tree: 

Extra Trees sēnēflandērēcēsē, temel olarak karar aĵa­larēna dayanan bir topluluk 

ºĵrenme yºntemidir [11]. Bu algoritma, eĵitim verisinden bir­ok budanmamēĸ karar 

aĵacē oluĸturur. Extra Trees de her karar aĵacēnda bºl¿nme noktalarēnē belirlerken 

ºzellikleri rastgele se­mektedir. Extra Trees, ­ok sayēda aĵa­ oluĸturarak ve d¿ĵ¿mleri 

rastgele se­ilmiĸ ºzellik alt k¿meleriyle bºlerek ­alēĸēr. Ancak burada rastgelelik, verinin 

bootstrap yºntemiyle ºrneklenmesinden deĵil, ºzelliklerin rastgele bºl¿nmesinden 

kaynaklanmaktadēr. Extra Trees algoritmasē, klasik karar aĵa­larēna kēyasla hesaplama 

a­ēsēndan daha hēzlēdēr ve daha az varyans gºstermektedir. 

Support Vector Machine: 

SVM (Destek Vektºr Makinesi), sēnēflandērma veya regresyon i­in kullanēlabilen 

denetimli bir ºĵrenme algoritmasēdēr [12]. SVMônin amacē, karar sēnērē olarak 

adlandērēlan en iyi ­izgiyi oluĸturmaktēr ve bu, iki sēnēf arasēndaki en geniĸ marjine sahip 

hiper d¿zlemler sēnēfēna dayanēr. Marjin, karar sēnērē ile en yakēn veri noktalarē arasēndaki 

dikey mesafedir. Ayrēca, SVM, ºrnek sayēsēnēn veri setindeki boyut sayēsēndan az olduĵu 

durumlarda etkilidir. SVMôler, RBF ve lineer fonksiyonlar gibi ­eĸitli ­ekirdek (kernel) 

fonksiyonlarēyla kullanēlabilir ve bu sayede model karmaĸēk karar fonksiyonlarēnē 

ºĵrenebilir. 

Gradient Boosting: 

Gradient boosting, regresyon ve sēnēflandērma problemlerinde uygulanabilen makine 

ºĵrenmesi modellerinden biridir [13]. Diĵer boosting yºntemleri gibi, modeli kademeli 

olarak oluĸturur ancak herhangi bir t¿revlenebilir kayēp fonksiyonunu optimize ederek 

modeli genelleĸtirir. Gradient boosting tekniĵi, zayēf bir topluluk modelini alēr ve onu 
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daha g¿­l¿ bir topluluk modeli haline getirir. Topluluk modellerinin avantajē, yapay sinir 

aĵlarē ile karĸēlaĸtērēldēĵēnda daha g¿venilir ince ayar s¿reci saĵlamasēdēr. Ancak, topluluk 

modellerinin dezavantajē, sonu­larēn net bir ĸekilde yorumlanamamasēdēr. Ayrēca, 

Gradient Boosting Tree, zayēf ºĵrenici olarak karar aĵacēnē kullanēr ve bu zayēf ºĵrenici, 

­eĸitli parametrelerle sēnērlandērēlarak karmaĸēklēĵē kontrol altēnda tutulmaktadēr. 

 

2.4. Veri K¿mesi 

Bu ­alēĸmada, ñUyku Saĵlēĵē ve Yaĸam Tarzē Veri Setiò kullanēlmēĸtēr [14]. Veri 

k¿mesi 374 gºzlem ve ­eĸitli veri tiplerine sahip 13 s¿tundan oluĸmaktadēr. Her bir 

gºzlem, ger­ek uyku durumunu temsil etmektedir. Bu veriler, cinsiyet, yaĸ, meslek, uyku 

s¿resi ve uyku kalitesi gibi uyku ve g¿nl¿k alēĸkanlēklarla ilgili 13 deĵiĸkene ayrēlmēĸtēr. 

13. s¿tun, her bireyin uyku bozukluĵunu gºstermektedir. Veri k¿mesi, verileri hi­biri, 

uyku apnesi ve uykusuzluk olmak ¿zere ¿­ uyku bozukluĵu kategorisine ayērmaktadēr.  

 

2.5. Deĵerlendirme Metrikleri 

Makine ºĵrenmesi algoritmasēnēn uyku bozukluklarēnēn belirlenmesindeki performansēnē 

deĵerlendirmek i­in karēĸēklēk matrisi kullanēlmēĸtēr. Sēnēflandērma sonu­larē doĵruluk, 

duyarlēlēk (sensitivity), ºzg¿ll¿k (specificity), kesinlik (precision), F1 skoru ve eĵri altē 

alan (AUC) gibi ºl­¿tler kullanēlarak deĵerlendirilmiĸtir. AUC, ROC eĵrisi temelinde bir 

modelin performansēnē ºl­en bir metriktir. Pozitif ve negatif sēnēflar arasēnda ayērt etme 

kapasitesini ºzetlemektedir. Daha y¿ksek bir AUC deĵeri, modelin sēnēflar arasēnda daha 

iyi ayrēm yapabildiĵini gºsterir. Performans ºl­¿tleri Eĸitlik (1ï6)ôda verilmiĸtir. 

  
(1) 

 

   (2) 

  

  
 (3) 

 

   (4) 

  

      (5) 

  

   (6) 
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3. DENEY SONU¢LARI 

Bu bºl¿mde, uyku bozukluklarēnēn tespiti amacēyla, makine ºĵrenmesi algoritmalarē 

kullanēlarak iki ayrē deney ger­ekleĸtirilmiĸtir: Ķlki varsayēlan hiperparametrelerle, diĵeri 

ise Genetik Algoritma (GA) ile optimize edilmiĸ hiperparametrelerle y¿r¿t¿lm¿ĸt¿r. 

3.1. Varsayēlan Hiperparametrelerin Kullanēmē 

Uyku saĵlēĵē ve yaĸam tarzē veri k¿mesine Random Forest, Extra Tree, SVM ve 

Gradient Boosting algoritmalarē varsayēlan hiperparametreler ile uygulanmēĸtēr. 

Varsayēlan deĵerler olarak Pythonôun scikit-learn k¿t¿phanesi tarafēndan belirtilen 

deĵerler kullanēlmēĸtēr Deneyler sērasēnda veri k¿mesinin %70ôi eĵitim i­in kullanēlmēĸtēr. 

Dºrt farklē makine ºĵrenmesi algoritmasē tarafēndan elde edilen sonu­lar ¢izelge 1ôde 

farklē metrikler bakēmēndan sunulmuĸtur. 

¢izelge 1. ML algoritmalarēnēn performans sonu­larē (varsayēlan hiperparametreler) 

Model Doĵruluk Duyarlēlēk ¥zg¿ll¿k Kesinlik  F1-ºl­¿t¿ 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 ­alēĸmada, dºrt farklē makine ºĵrenmesi algoritmasēnēn (SVM, Random Forest, 

Extra Trees ve Gradient Boosting) uyku bozukluklarēnēn belirlenmesindeki 

performanslarē, varsayēlan hiperparametreler kullanēlarak deĵerlendirilmiĸtir. Tablodaki 

sonu­lara gºre en y¿ksek baĸarēyē SVM modeli gºstermiĸtir; doĵruluk, duyarlēlēk, 

kesinlik ve F1-ºl­¿t¿ deĵerleri diĵer modellere kēyasla en y¿ksek seviyededir. AUC 

deĵeri de 0.9945 ile en g¿­l¿ ayērt ediciliĵe sahip modelin SVM olduĵunu ortaya 

koymaktadēr. Random Forest ise %96 doĵruluk ve 0.9920 AUC deĵeriyle SVMôin hemen 

ardēndan ikinci en iyi performansē sergilemiĸtir. Extra Tree ve Gradient Boosting 

modelleri ise benzer sonu­lar vermiĸ, doĵruluk oranlarē %93.33 seviyesinde kalmēĸtēr. 

Genel olarak, bu bulgular SVM ve Random Forest algoritmalarēnēn uyku bozukluklarēnēn 

sēnēflandērēlmasēnda daha etkili olduĵunu gºstermektedir. Bu algoritmalara ait 

karmaĸēklēk matrisleri Gºrsel 2ôde verilmiĸtir.  
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Gºrsel 2. ML algoritmalarēnēn karmaĸēklēk matrisleri (varsayēlan 

hiperparametreler) 

 

3.2. Genetik Algoritma ile Optimize Edilen Hiperparametrelerin Kullanēmē 

 

Modeller, en iyi sonu­larē elde edebilmek i­in ayarlanmasē ve optimize edilmesi 

gereken ­eĸitli parametrelere sahiptir. ML algoritmalarēnēn performansēnē artērmak i­in, 

Genetik Algoritma (GA), en uygun parametre deĵerlerini belirlemek amacēyla 

uygulanmēĸtēr. GA, ¢izelge 2ôdeki paremetre ayarlarē ile ­alēĸtērēlmēĸtēr. SVM, Random 

Forest, Extra Trees ve Gradient Boosting algoritmalarēnēn GA ile optimize edilen 

hiperparametreleri ile elde edilen sonu­lar ¢izelge 3ôte verilmiĸtir.  

¢izelge 2. Genetik Algoritmanēn Parametreleri 
Parametre  Deĵer  

Maksimum iterasyon sayēsē  50 

Pop¿lasyon sayēsē 20 

Elite oranē 0.01 

Mutasyon olasēlēĵē 0.1 

¢aprazlama olasēlēĵē 0.5 

 

¢izelge 3ôteki deĵerlere gºre, Genetik Algoritma (GA) ile optimize edilen makine 

ºĵrenmesi algoritmalarēnēn uyku bozukluklarēnēn belirlenmesindeki performanslarēna 

bakēldēĵēnda, genel olarak olduk­a y¿ksek baĸarē elde edildiĵi gºr¿lmektedir. En y¿ksek 

performans deĵerlerine ulaĸan modeller Random Forest ve Destek Vektºr Makineleri 

(SVM) olmuĸtur. Her iki model de %98.67 doĵruluk, %98.67 duyarlēlēk, %99.44 

ºzg¿ll¿k, %98.75 kesinlik ve %98.66 F1-ºl­¿t¿ gibi olduk­a yakēn ve y¿ksek deĵerler 

¿retmiĸtir. Ancak, Random Forest modeli, AUC deĵeri a­ēsēndan (0.9986) SVMôden bir 

miktar daha y¿ksek performans gºstererek genel baĸarēda ºne ­ēkmēĸtēr. Extra Tree 
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algoritmasē da olduk­a baĸarēlē sonu­lar ¿retmiĸ (%97.33 doĵruluk ve %0.9971 AUC), 

ancak Random Forest ve SVM'nin gerisinde kalmēĸtēr. Gradient Boosting algoritmasē ise 

diĵer modellere kēyasla daha d¿ĸ¿k sonu­lar ¿retmiĸ ve ºzellikle AUC deĵerinin (0.9733) 

gºrece d¿ĸ¿k olmasē, bu modelin sēnēflandērma baĸarēsēnēn diĵer modellere gºre daha 

zayēf kaldēĵēnē gºstermektedir. Bu algoritmalara ait karmaĸēklēk matrisleri Gºrsel 3ôte 

verilmiĸtir. 

¢izelge 3. ML algoritmalarēnēn performans sonu­larē (GA ile optimize edilen 

hiperparametreler) 
Model Doĵruluk Duyarlēlēk ¥zg¿ll¿k Kesinlik  F1-ºl­¿t¿ 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 

Boosting 

97.33 97.33 98.88 97.33 97.33 0.9733 

 

 
Gºrsel 3. ML algoritmalarēnēn karmaĸēklēk matrisleri (GA ile optimize edilen 

hiperparametreler) 

4. SONU¢LAR 

Bu ­alēĸmada, uyku bozukluklarēnēn tanēlanmasē problemine yºnelik olarak Random 

Forest, Extra Tree, Support Vector Machine (SVM) ve Gradient Boosting olmak ¿zere 

dºrt farklē makine ºĵrenmesi algoritmasē kullanēlmēĸtēr. Bu algoritmalarēn performanslarē 

varsayēlan hiperparametreleri ve Genetik Algoritma ile optimize edilen 

hiperparametreleri ile Uyku saĵlēĵē ve yaĸam tarzē veri k¿mesi ¿zerinde 

deĵerlendirilmiĸtir. Uygulanan hiperparametre optimizasyonu sonucunda, t¿m modeller 

y¿ksek performans sergilemiĸtir. Random Forest algoritmasē ile %98.67 doĵruluk, 

%98.67 duyarlēlēk, %99.44 ºzg¿ll¿k, %98.75 kesinlik, %98.66 F1 skoru ve 0.9986 AUC 

deĵeri ile en iyi sonucu elde ederek ºne ­ēkmēĸtēr. SVM algoritmasē da benzer ĸekilde 
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y¿ksek performans gºstermiĸtir. Genel olarak, elde edilen bulgular, Genetik Algoritma 

ile yapēlan hiperparametre optimizasyonunun modellerin performansēnē ºnemli ºl­¿de 

artērdēĵēnē ortaya koymaktadēr. Varsayēlan parametrelerle ­alēĸan modellere gºre ­ok 

daha y¿ksek doĵruluk ve AUC deĵerleri elde edilmiĸtir. Bu sonu­lar, uyku 

bozukluklarēnēn doĵru ve g¿venilir bir ĸekilde tanēlanmasē i­in Genetik Algoritma ile 

optimize edilmiĸ makine ºĵrenmesi modellerinin etkili bir ­ºz¿m sunduĵunu 

gºstermektedir. Gelecekte, uyku bozukluklarēnēn tanēlanmasēna yºnelik ­alēĸmalarda 

Grid Search, Random Search, Bayesian Optimizasyon ve Par­acēk S¿r¿ Optimizasyonu 

gibi farklē yºntemler kullanēlarak hiperparametre optimizasyonu ger­ekleĸtirilebilir. 
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¥ZET 

Kardiyovask¿ler hastalēklar (KVH), kalp ve damar sistemini olumsuz etkileyen ciddi 

saĵlēk sorunlarē arasēnda yer almaktadēr. Bu hastalēklarēn manuel yºntemlerle incelenmesi 

zaman alēcē olmasēnēn yanē sēra insan hatasēna da a­ēk bir s¿re­tir. Bu nedenle 

araĸtērmacēlar, makine ºĵrenimi (ML) tabanlē yºntemlere ve otomatik ºzellik se­imi 

yaklaĸēmlarēna yºnelmektedir. ¥zellik se­imi, y¿ksek boyutlu veri k¿melerinde en ilgili 

ve anlamlē ºzellikleri belirleyerek modelin karmaĸēklēĵēnē azaltmayē, hesaplama 

maliyetlerini d¿ĸ¿rmeyi ve sēnēflandērma baĸarēmēnē artērmayē ama­lar. Doĵadaki 

­ekirgelerin davranēĸlarēndan esinlenen ve pop¿lasyon tabanlē bir optimizasyon tekniĵi 

olan ¢ekirge Optimizasyon Algoritmasē (¢OA), karmaĸēk problemlerin ­ºz¿m¿nde son 

yēllarda dikkat ­ekici bir baĸarē sergilemektedir. Bu ­alēĸmada, ¢OAônēn yeni bir ikili 

versiyonu ºnerilerek KVH verilerinde ºzellik se­imi problemi ele alēnmēĸtēr. Elde edilen 

azaltēlmēĸ ºzellik k¿mesi, K-En Yakēn Komĸu (KNN), Ensemble, Destek Vektºr 

Makineleri (SVM) ve Naive Bayes olmak ¿zere dºrt farklē makine ºĵrenimi yºntemiyle 

deĵerlendirilmiĸtir. ¢OA ile makine ºĵrenimi yºntemlerinin tek bir ­er­evede 

birleĸtirilmesi, KVH sēnēflandērmasēnda daha y¿ksek doĵruluk elde edilmesini 

saĵlamaktadēr. Deneysel sonu­lar, ºzellikle ¢OA-KNN kombinasyonunun %88.8 

doĵruluk oranēna ulaĸarak en baĸarēlē performansē sergilediĵini gºstermektedir. Elde 

edilen bulgular, tēbbi veri hazērlama ve analiz s¿re­lerinin daha verimli ĸekilde 

y¿r¿t¿lmesine ºnemli katkēlar sunmaktadēr. Bu yaklaĸēmēn saĵlēk sistemlerinde 

benimsenmesi, erken tanē ve m¿dahaleyi kolaylaĸtērarak KVHôye baĵlē hastalēk y¿k¿n¿n 

azaltēlmasēna ve ºl¿m oranlarēnēn d¿ĸ¿r¿lmesine olanak saĵlayabilir. 

 

Anahtar Kelimeler:  ¢ekirge Optimizasyon Algoritmasē, Kardiyovask¿ler Hastalēklar, 

Makine ¥ĵrenmesi 
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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 

population-based optimization technique inspired by the behavior of grasshoppers in 

nature, has demonstrated remarkable success in solving complex problems in recent 

years. In this study, a 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: K-Nearest Neighbor (KNN), Ensemble, 

Support Vector Machines (SVM), and Naive Bayes. Combining MCA and machine 

learning methods within a single framework enables higher accuracy in CVD 

classification. Experimental results show that the MCA-CNN combination, in particular, 

demonstrates the best performance, achieving an accuracy 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 burden of disease and mortality from CVD.  

 

Keywords: Grasshopper Optimization Algorithm, Cardiovascular Diseases, Machine 

Learning  
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1. GĶRĶķ 

Kardiyovask¿ler hastalēklar (KVH), g¿n¿m¿zde ºnemli bir halk saĵlēĵē problemi olmaya 

devam etmekte ve d¿nya genelinde en ºnde gelen ºl¿m nedenini oluĸturmaktadēr. 

Ateroskleroz, diyabet, hipertansiyon, inflamasyon, dislipidemi ve genetik yatkēnlēk KVH 

i­in bilinen temel risk faktºrleri arasēnda yer almaktadēr [1]. D¿nya Saĵlēk ¥rg¿t¿ 

verilerine gºre, KVH her yēl yaklaĸēk 17,5 milyon can kaybēna neden olmakta ve k¿resel 

ºl¿mlerin yaklaĸēk %31ôini oluĸturmaktadēr [2]. ¥zellikle diyabet hastalarēnda, KVH 

morbidite ve mortalitenin birincil sebebi olup, diyabete baĵlē kardiyovask¿ler 

harcamalarēn yēlda 37,3 milyar dolarē bulduĵu tahmin edilmektedir. Tip 2 diyabetle 

birlikte gºr¿len hipertansiyon ve dislipidemi gibi ek hastalēklar KVH riskini artērmakta, 

ayrēca diyabetin kendisi de baĵēmsēz bir risk faktºr¿ olarak deĵerlendirilmektedir. Kalp 

yetersizliĵi de KVHôye baĵlē ºl¿mler a­ēsēndan kritik bir unsur olup, diyabetli bireylerde 

hastaneye yatēĸ oranlarēnēn iki katēna ­ēktēĵē bildirilmiĸtir [3]. Bu nedenle, KVH risk 

faktºrlerinin d¿zenli olarak deĵerlendirilmesi ve erken tanē stratejilerinin geliĸtirilmesi 

b¿y¿k ºnem taĸēmaktadēr. 

 

KVHônin y¿ksek prevalansē ve mortalitesi, tanē ve tedavi s¿re­lerinde y¿ksek doĵruluĵa 

sahip yºntemlere olan ihtiyacē artērmaktadēr. Geleneksel tanē yºntemleri ­oĵu zaman 

maliyetli, zaman alēcē ve insan hatasēna a­ēk olduĵundan, yapay zek© (AI), makine 

ºĵrenimi (ML) ve derin ºĵrenme (DL) gibi veri odaklē yaklaĸēmlar tēbbi alanda giderek 

daha fazla kullanēlmaktadēr [4ï6]. Bu yºntemler, ­eĸitli hastalēklarēn tanē, tahmin ve 

sēnēflandērma s¿re­lerinde baĸarēlē sonu­lar ortaya koymaktadēr. Ancak, y¿ksek boyutlu 

veriler ve gereksiz ya da g¿r¿lt¿l¿ ºzelliklerin varlēĵē, sēnēflandērma performansēnē 

olumsuz etkileyerek hesaplama maliyetlerini artērabilmektedir. Bu noktada ºzellik se­imi 

(feature selection, FS) ºnemli bir ºn iĸleme adēmē olarak ºne ­ēkmaktadēr. ¥zellik 

se­imi, en ilgili ºzellikleri belirleyerek boyut indirgeme saĵlamakta, modelin 

verimliliĵini artērmakta ve sēnēflandērma doĵruluĵunu iyileĸtirmektedir [7ï12]. 

 

¥zellik se­imi problemi, doĵasē gereĵi kombinatoryal bir optimizasyon problemidir. Bir 

veri k¿mesinde n sayēda ºzellik bulunduĵunda, teorik olarak 2n olasē alt k¿me sºz 

konusudur. Ancak, ºzellikle b¿y¿k veri setlerinde bu alt k¿melerin tamamēnēn 

deĵerlendirilmesi pratikte m¿mk¿n olmadēĵēndan, sezgisel ve evrimsel optimizasyon 

algoritmalarē yaygēn olarak kullanēlmaktadēr [13]. Doĵadaki hayvan davranēĸlarēnē taklit 

eden s¿r¿ zek©sē temelli algoritmalar, k¿resel optimizasyon i­in etkili ­ºz¿mler 

sunmaktadēr [14ï15]. Son yēllarda ºnerilen ¢ekirge Optimizasyon Algoritmasē (GOA), 

doĵadaki ­ekirgelerin s¿r¿ davranēĸlarēndan esinlenerek geliĸtirilmiĸ olup, s¿reksiz ve 

karmaĸēk optimizasyon problemlerinde umut verici sonu­lar vermiĸtir [16ï21]. 

 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΞΟΡ 
 

Bu ­alēĸma, GOAônēn ikili versiyonunu kullanarak KVH veri setlerinde etkin bir ºzellik 

se­imi ger­ekleĸtirmeyi ama­lamaktadēr. Se­ilen ºzellik alt k¿meleri, K-En Yakēn 

Komĸu (KNN), Ensemble, Destek Vektºr Makineleri (SVM) ve Naive Bayes (NB) gibi 

makine ºĵrenimi sēnēflandērēcēlarē ile test edilmiĸtir. Ama­, hem boyut indirgeme yoluyla 

verimlilik saĵlamak hem de sēnēflandērma doĵruluĵunu artērarak KVHônin erken ve 

g¿venilir tespitine katkē sunmaktēr. 

2. ĶLGĶLĶ ¢ALIķMALAR 

Son yēllarda kardiyovask¿ler hastalēklarēn (KVH) tahmin ve teĸhisinde, geliĸmiĸ 

optimizasyon teknikleri ile makine ºĵrenmesi algoritmalarēnēn entegrasyonuna yºnelik 

­alēĸmalar giderek artmaktadēr. Bukhari ve ark. [17], kalp hastalēĵēnē tahmin etmek 

amacēyla L®vy flight tabanlē ¢ekirge Optimizasyon Algoritmasē (GOA) ile entegre 

edilmiĸ yēĵēnlanmēĸ evriĸimsel sinir aĵē (CNN) yaklaĸēmē ºnermiĸtir. Bu hibrit yºntem, 

arama s¿recinde keĸif ve sºm¿r¿ dengesini etkin bir ĸekilde saĵlamēĸ ve tanēsal doĵruluĵu 

artērmēĸtēr. Benzer ĸekilde Zhou ve ark. [18], ¢ekirge Evrimsel Algoritmasē ile SVM 

birleĸtirerek optimum bir tanē ­er­evesi geliĸtirmiĸ ve geleneksel optimizasyon 

yºntemlerine kēyasla daha y¿ksek sēnēflandērma baĸarēsē elde etmiĸtir. Polepaka ve ark. 

[19], CNN mimarilerini GOA ile optimize etmiĸ ve kalp hastalēĵē tahmininde ¿st¿n 

doĵruluk oranlarē rapor etmiĸtir. Tang ve ark. [20], tanē ve ºzellik se­imi s¿re­lerinde 

SVM performansēnē optimize etmek i­in adversaryal bir GOA yaklaĸēmē sunmuĸ, bu 

yºntem g¿venilir tahminlerde ºnemli avantajlar saĵlamēĸtēr. Ayrēca, Dey ve ark. [21], 

hastalēk veri k¿melerinde ºzellik se­imi amacēyla LAGOA (Learning Automata-based 

GOA) algoritmasēnē ºnermiĸtir. LAGOA, geleneksel GOA uygulamalarēna kēyasla daha 

ayērt edici ve kompakt ºzellik alt k¿meleri se­erek ¿st¿n performans gºstermiĸtir. Bu 

­alēĸmalar, KVH tanēsēnda ºzellik se­imi ve sēnēflandērma s¿re­lerinde GOA ve 

t¿revlerinin esnekliĵini ve etkinliĵini a­ēk­a ortaya koymaktadēr.  

 

GOA merkezli yaklaĸēmlarēn ºtesinde, KVH tanēsēnda farklē makine ºĵrenmesi ve derin 

ºĵrenme yºntemleri de araĸtērmalarda geniĸ yer bulmaktadēr. Braik ve ark. [22], 

geliĸtirilmiĸ adaptif yēlan optimizasyon varyantlarēnē ºnermiĸ ve bu yºntemlerle 12 farklē 

veri k¿mesinde %90ôēn ¿zerinde duyarlēlēk, doĵruluk ve ºzg¿ll¿k deĵerleri elde etmiĸtir. 

Mohan ve ark. [23], hibrit rastgele orman ve lineer model (HRFLM) yaklaĸēmēnē 

geliĸtirmiĸ ve kalp hastalēĵē tahmininde %88,7 doĵruluk oranē bildirmiĸtir. Saikumar ve 

ark. [24], IoT sensºr verilerini kullanarak g¿r¿lt¿ azaltēmē i­in K-means algoritmasēnē, 

ºzellik ­ēkarēmē i­in ise Lineer Kuadratik Ayērt Etme Analiziôni uygulamēĸ, geliĸtirdikleri 

DG_ConvoNet modeli ile %96 doĵruluk oranēna ulaĸmēĸtēr. Nagavelli ve ark. [25], 

XGBoost algoritmasēnē kullanarak Naµve Bayes, SVM ve karar odaklē yºntemlerden daha 

y¿ksek doĵruluk, kesinlik, geri ­aĵērma ve F1 ºl­¿t¿ deĵerleri elde etmiĸtir. Benzer 

ĸekilde Singh ve ark. [26], altē farklē ML modelini karĸēlaĸtērmēĸ ve XGBoost 

algoritmasēnēn %91,3 doĵruluk ile en iyi performansē sergilediĵini rapor etmiĸtir. 

Alqahtani ve ark. [27], rastgele orman tabanlē bir ansambl yºntem geliĸtirmiĸ ve %88,7 

doĵruluk oranēna ulaĸmēĸtēr. Mahmoud ve ark. [28], LeNet-5 transfer modelini 

deĵiĸtirerek KVH hastalarē i­in ºzg¿n modele kēyasla daha y¿ksek doĵruluk saĵlamēĸtēr. 
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Nanehkaran ve ark. [29], denetimsiz DBSCAN tabanlē bir yºntem ºnermiĸ ve yaklaĸēk 

%95 doĵruluk oranē bildirmiĸtir. Sadad ve ark. [30], 1D CNN-LSTM hibrit modelini 

kullanarak olaĵan¿st¿ bir baĸarē ile %99,5 doĵruluk elde etmiĸtir. Abubaker ve ark. [31], 

kardiyak anormallik tanēsēnda CNN tabanlē bir model ºnererek doĵruluk, kesinlik, geri 

­aĵērma ve F1 puanē a­ēsēndan ºnceki ­alēĸmalardan ¿st¿n performans gºstermiĸtir. 

Hassan ve ark. [32], kardiyovask¿ler otonom nºropati (CAN) tanēsēnda ­ok sēnēflē 

sēnēflandērma stratejisi kullanarak erken teĸhiste doĵruluk oranlarēnē kayda deĵer ºl­¿de 

artērmēĸtēr. Baghdadi ve ark. [33] ise CatBoost algoritmasēnē kullanarak KVHônin erken 

tanēsē i­in %90,94 doĵruluk ve yaklaĸēk %92,3 F1 puanē rapor etmiĸtir. 

 

Bu ­alēĸmalar bir b¿t¿n olarak incelendiĵinde, kardiyovask¿ler hastalēklarēn erken tanē ve 

tahmininde makine ºĵrenmesi ile optimizasyon yaklaĸēmlarēnēn hēzlē bir geliĸim 

gºsterdiĵi gºr¿lmektedir. GOA gibi sezgisel ve s¿r¿ zek©sē tabanlē yºntemlerden, 

ansambl modellerine, transfer ºĵrenmeye ve derin sinir aĵlarēna kadar geniĸ bir yºntem 

yelpazesi kullanēlmēĸtēr. Literat¿rdeki bulgular, ºzellikle optimizasyon algoritmalarēnēn 

makine ºĵrenmesi sēnēflandērēcēlarēyla hibrit ­er­eveler i­inde birleĸtirilmesinin en umut 

verici sonu­larē verdiĵini ortaya koymaktadēr. Bu geliĸmeler, kardiyovask¿ler 

hastalēklarēn daha erken tespit edilmesi, daha g¿venilir ĸekilde teĸhis edilmesi ve klinik 

karar destek sistemlerinin g¿­lendirilmesi a­ēsēndan b¿y¿k potansiyel taĸēmaktadēr. 
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3. MATERYAL VE Y¥NTEM 

 
Gºrsel 1. ¥nerilen KVHïGOA sisteminin akēĸ diyagramē. 

KVHôēn d¿nya genelinde ºnde gelen ºl¿m nedenlerinden biri olmasē, etkin ve doĵru 

tahmin modellerinin geliĸtirilmesini kritik hale getirmektedir. Bu baĵlamda, ºzellikle 

ºzellik se­imi s¿recinde GOA kullanēmē, ML modellerinin erken tanē performansēnē 

artērarak ºl¿m oranlarēnē d¿ĸ¿rme potansiyeline sahiptir. Bu nedenle, GOAônēn tēbbi tanē 

sistemlerine entegrasyonu yenilik­i ve uygulanabilir bir yaklaĸēm olarak ºne ­ēkmaktadēr. 

Bu ­alēĸmada ºnerilen KVHïGOA tabanlē sistem, karmaĸēk yapēlarē tek bir model 

¿zerinden ºĵrenebilecek ĸekilde tasarlanmēĸtēr. Sistemin genel iĸleyiĸi Gºrsel 1ôde 

ĸematik olarak sunulmaktadēr. Ķlk aĸamada, yalnēzca eĵitim setine uygulanan veri ºn 

iĸleme yºntemleri, tutarlēlēĵēn korunmasē amacēyla test setine de aynē ĸekilde 

uygulanmēĸtēr. Bu kapsamda aykērē deĵerlerin giderilmesi ve sēnēf dengesizliĵinin 

giderilmesi iĸlemleri ger­ekleĸtirilmiĸtir. Sonrasēnda, kategorik ºzellikler kodlanmēĸ ve 

standartlaĸtērma prosed¿r¿ uygulanarak verilerin b¿t¿nl¿ĵ¿ saĵlanmēĸtēr. ¥zellik se­imi 

aĸamasēnda kullanēlan GOA algoritmasē, farklē optimizasyon gºrevlerinde yaygēn olarak 

kullanēlan, yerel arama yeteneĵi y¿ksek, hēzlē uygulanabilir ve t¿rev bilgisinden baĵēmsēz 

bir yºntemdir. Literat¿rdeki bulgular GOAônēn ºzellikle KNN, Ensemble, Support SVM 

ve NB gibi ML yºntemleri kullanēlarak etkinliĵinin karĸēlaĸtērēlmasē saĵlanmēĸtēr. Bu 

bakēmdan, sistemde GOA tabanlē ºzellik se­imi entegrasyonu ile elde edilen veriler, 
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farklē ML algoritmalarē ¿zerinde test edilerek erken tanē doĵruluĵu a­ēsēndan kapsamlē 

bir deĵerlendirme yapēlmēĸtēr. 

 

3.1. Veri K¿mesi 

Heart Disease Cleveland (HDC) veri k¿mesi, UCI Machine Learning Repository 

koleksiyonunun bir par­asē olup, KVH araĸtērmalarēnda yaygēn olarak kullanēlan bir 

benchmark veri setidir [34]. Cleveland versiyonu, diĵer versiyonlarla birlikte toplamda 

76 ºzellik i­erirken, literat¿rde sēklēkla kullanēlan alt k¿me 13 ºzellik + 1 hedef deĵiĸken 

ĸeklindedir. Veri seti toplamda 303 ºrnek (hasta) i­ermektedir. Hedef deĵiĸken (ñnumò 

ya da ñgoalò) hastanēn kalp hastalēĵēna sahip olup olmadēĵēnē belirtmektedir; literat¿rde 

genellikle ­ok sēnēflē deĵerler (0ï4) yerine bu deĵiĸken binary hale getirilip, ó0ô yok, ó>0ô 

olan deĵerler óvarô ĸeklinde etiketlenmiĸtir. 

Veri k¿mesinde bazē gºzlemlerde eksik deĵerler bulunmaktadēr, ºzellikle ca ve thal 

ºzelliklerinde eksiklikler bilinmektedir. ¥zellik tipleri karēĸēktēr: hem sayēsal (ºrneĵin 

yaĸ, trestbps, chol, thalach, oldpeak) hem kategorik/binary (ºrn: sex, fbs, exang, slope, 

cp). Hedef deĵiĸken (ñnumò ya da ñgoalò) bir hastada kalp hastalēĵē olup olmadēĵēnē 

belirtmek ¿zere binary sēnēflandērma problemi olarak kullanēlmaktadēr. Literat¿rde Ó1 

deĵerleri ñhastalēklēò, 0 deĵeri ñsaĵlēklēò olarak kabul edilmektedir. Bu sayede 

sēnēflandērēcēlar hastalēk var/yok ayrēmē yapabilmektedir. Klinik ve demografik verilerin 

kolayca elde edilebilmesi, veri boyutunun makul olmasē, ­ok sayēda ­alēĸmada referans 

almaktadēr. Eksik verilerin olmasē, bazē ºzelliklerin (ºrn: ca, thal) ºl­¿m bi­imlerinin 

klinik uygulamada yoruma a­ēk olmasē, veri setindeki ºrnek sayēsēnēn b¿y¿k modeller 

i­in sēnērlayēcē olabilmektedir. Veri k¿mesine ait t¿m ºzellik bilgileri ¢izelge 1ôde detaylē 

olarak verilmiĸtir. 

 
¢izelge 1. Veri k¿mesinin ºzellikleri 

¥zellik  Ķsmi A­ēklama 

age Yaĸ Hastanēn yaĸē (yēl olarak) 

sex Cinsiyet Erkek/Kadēn (ºrneĵin: 1 = erkek, 0 = kadēn) 

cp Gºĵ¿s Aĵrēsē Tipi Aĵrē tipi (tipik angina, atipik vs.) 

trestbps Dinlenik Kan Basēncē Baĸvurudaki dinlenik kan basēncē (mm Hg) 

chol Kolesterol Serum kolesterol seviyesi (mg/dl) 

fbs A­lēk Kan ķekeri A­lēk kan ĸekeri > 120 mg/dl olup olmadēĵē 

restecg Dinlenik ECG Sonu­larē 
Elektrokardiyografi ile elde edilen dinlenik ECG 

durumu 

thalach Maksimum Kalp Hēzē Egzersiz sērasēnda ­ēkarēlan maksimum kalp hēzē 

exang 
Egzersizle Ind¿klenen 

Angina 
Egzersizle gºĵ¿s aĵrēsē oluĸup oluĸmadēĵē 

oldpeak ST Depresyonu Egzersiz sērasēnda ST depresyonu 

slope ST Segment Eĵimi 
Egzersiz sērasēnda ST segmentinin eĵimi: yukarē/aĸaĵē 

eĵimli 

ca Boyanabilen damar sayēsē K major arter sayēsē (0-3) floroskopi ile boyanēyor 

thal Talasemi Durumu Normal / sabit defekt / tersinir defekt 
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¥zellik  Ķsmi A­ēklama 

target Tahmin Deĵiĸkeni 
1, hastanēn kalp rahatsēzlēĵēnē, 0 ise normal olduĵu 

belirtir 

 

3.2. ¢ekirge Optimizasyon Algoritmasē (GOA) 

Bu ­alēĸmada, KVH tahmini i­in ºzellik se­imi s¿recinde GOA kullanēlmēĸtēr. GOA, 

­ekirgelerin doĵadaki gº­ ve yayēlēm davranēĸlarēnē matematiksel olarak modelleyen bir 

meta-sezgisel optimizasyon algoritmasēdēr. Algoritmanēn temel amacē, keĸif (exploration) 

ve sºm¿r¿ (exploitation) aĸamalarē arasēnda denge kurarak arama uzayēnda en uygun 

­ºz¿m¿ elde etmektir. GOAônēn iĸleyiĸine ait adēmlar ķekil 1ôde hazērlanan akēĸ 

diyagramē i­erisinde verilmiĸtir. Ķĸlem akēĸē ĸu ĸekilde ºzetlenebilir: 

Baĸlatma: Rastgele olarak ­ekirge pop¿lasyonu oluĸturulur ve her bireyin baĸlangē­ 

konum vektºr¿ belirlenmektedir. 

Uygunluk (Fitness) fonksiyonu hesaplama: Her ­ekirgenin ­ºz¿m kalitesini gºsteren 

uygunluk deĵeri hesaplanmaktadēr. 

En iyi ­ºz¿m¿n belirlenmesi (Target): Pop¿lasyon i­indeki en iyi uygunluk deĵerine 

sahip ­ekirge, o iterasyon i­in hedef ­ºz¿m olarak atanmaktadēr. 

c parametresinin g¿ncellenmesi: ¢ekirgelerin konum g¿ncellemelerinde dengeyi 

saĵlayan c katsayēsē Denklem (1) ile g¿ncellenmektedir: 

  (1) 

burada cmax ve cmin parametrenin baĸlangē­ ve bitiĸ deĵerlerini, iter mevcut iterasyonu, 

itermax ise maksimum iterasyon sayēsēnē ifade etmektedir. Bu denklem sayesinde 

algoritma baĸlarda keĸif aĵērlēklē ­alēĸērken, iterasyon ilerledik­e sºm¿r¿ aĸamasēna 

ge­mektedir. 

Mesafe Normalizasyonu: ¢ekirgeler arasē mesafeler [2, 4] aralēĵēnda normalize 

edilmektedir. Bu iĸlem s¿r¿ ¿yelerinin birbirinden ­ok uzaklaĸmasēnē veya tamamen aynē 

noktada toplanmasēnē engelleyerek ­eĸitliliĵi korunmaktadēr. 

Etkileĸim Fonksiyonu Hesaplama: ¢ekirgeler arasē etkileĸim kuvveti Denklem (2) ve 

(3) ile hesaplanmaktadēr: 

  (2) 

  (3) 

burada Distij i. ve j. ­ekirgeler arasēndaki mesafeyi ifade ederken, S(ẗ) fonksiyonu 

mesafeye baĵlē itmeï­ekme kuvvetini modellemektedir. Parametreler f ve l, ­ekirgelerin 

etkileĸim yoĵunluĵunu ve etkileĸim menzilini belirleyen sabitlerdir. 

Konum G¿ncelleme: Her ­ekirgenin yeni pozisyonu Denklem (4) ile hesaplanmaktadēr: 

  
(4) 

burada  g¿ncellenmiĸ pozisyonu, uj diĵer ­ekirgelerin konumunu,  ise o iterasyonda 

bulunan en iyi ­ºz¿m¿ gºstermektedir. Bu mekanizma ile s¿r¿, hem birbirinden 

etkilenmekte hem de en iyi ­ºz¿m doĵrultusunda yºnlendirilmektedir. 



LATIN AMERICA 11th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCHES 

October 3 ï 5, 2025 - RIO DE JANEIRO 

ISBN NR. : 978-625-5694-37-9 

 

ΞΠΜ 
 

Hedefin G¿ncellenmesi: Iterasyon sonunda mevcut pop¿lasyon i­inde en iyi uygunluk 

deĵerine sahip birey yeni hedef (Target) olarak atanmaktadēr. 

Durma Kriteri:  Maksimum iterasyon sayēsēna ulaĸēldēĵēnda veya uygunluk deĵerinde 

iyileĸme gºzlenmediĵinde algoritma durmaktadēr. 

Sonu­: En iyi ­ºz¿m (ºzellik subseti) ­ēktē olarak alēnmaktadēr ve sēnēflandērēcēya 

aktarēlmaktadēr. 

Bu yºntem sayesinde gereksiz ve tekrarlayan ºzellikler elenmiĸ, sēnēflandērēcēlarēn 

(KNN, Ensemble, SVM ve Naive Bayes) daha az girdiyle daha y¿ksek doĵruluk oranēna 

ulaĸmasē saĵlanmēĸtēr. GOAônēn y¿ksek boyutlu verilerde ºzellik se­imi i­in etkin bir 

yºntem olduĵu deneysel sonu­larla da ortaya konulmuĸtur. 

 

4. DENEYSEL SONU¢LAR  

Deneysel ­alēĸmalar, Intel Core i7 4.70 GHz iĸlemci NVIDIA RTX 4060Ti GPU ve 32 

GB RAM kapasitesine sahip bir makine ¿zerinde y¿r¿t¿lm¿ĸ olup, model eĵitimi ve test 

s¿re­lerinde gerekli hesaplama g¿c¿n¿ saĵlamēĸtēr. Bununla birlikte, ºzellik se­imi ve 

sēnēflandērma s¿re­leri MATLAB R2021a ortamēnda y¿r¿t¿lm¿ĸt¿r. Bºylelikle hibrit 

bir deneysel altyapē oluĸturulmuĸ ve hem klasik ML yºntemleri hem de optimizasyon 

yaklaĸēmlarē sistematik olarak ger­ekleĸtirilmiĸtir. 

T¿m algoritmalarēn deĵerlendirilmesi, aynē koĸullar ve parametre deĵerleri altēnda 

ger­ekleĸtirilmiĸtir. Deneysel ­alēĸmalarda, her bir algoritma i­in pop¿lasyon b¿y¿kl¿ĵ¿ 

50 olarak belirlenmiĸ, iterasyon sayēsē ise 100 olarak sabitlenmiĸtir. Bu parametre 

deĵerleri, ¢izelge 2ôde verildiĵi ¿zere, ºn deneysel analizler sonucunda en uygun 

deĵerler olarak se­ilmiĸtir. Deneysel testler s¿resince, rastgeleliĵin etkisini en aza 

indirmek amacēyla t¿m istatistiksel sonu­lar 40 baĵēmsēz ­alēĸtērma ¿zerinden 

kaydedilmiĸtir. Bºylece, elde edilen performans ºl­¿mlerinin g¿venilirliĵi artērēlmēĸ ve 

sonu­larēn istatistiksel a­ēdan daha saĵlam olmasē saĵlanmēĸtēr.  

¢izelge 2. Parametre deĵerleri 
Parametre Deĵeri 

Populasyon boyutu 50 

Ķterasyon sayēsē 100 

¢alēĸtērma 40 

cmax 1 

cmin 0.00001 

l 1.5 

f 0.5 

 
Deneysel sonu­lar GOA ile ºzellik se­imi uygulanmēĸ ve orijinal veri seti ¿zerinden 

KNN, Ensemble, SVM ve NB olmak ¿zere dºrt farklē sēnēflandērēcē kullanēlarak doĵruluk, 

hassasiyet, ºzg¿ll¿k, kesinlik, F1-skor ve AUC metrikleri bakēmēndan analiz edilmiĸtir. 

¥zellik se­imi sonrasē veri k¿mesinin ºzellik sayēsē sērasēyla sex, cp, thalach, exang, 

oldpeak, slope, ca ve thal olmak ¿zere 8ôe indirgenmiĸtir. 

¢izelge 3ôte sunulan deneysel sonu­lar, ºzellik se­imi uygulanmadan kullanēlan orijinal 

veri seti ile ºnerilen KVH-GOA temelli ºzellik se­imi sonrasēnda elde edilen 
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sēnēflandērma performanslarēnēn karĸēlaĸtērmalē analizini ortaya koymaktadēr. Elde edilen 

bulgulara gºre, GOA ile yapēlan ºzellik se­iminin sēnēflandērma performansēnē anlamlē 

ºl­¿de artērdēĵē gºr¿lmektedir. 

¢izelge 3. Veri k¿mesinin ºzellik se­imsiz ve GOA ile ºzellik se­imi sonrasē performans 

sonu­larē. 

Yºntem Sēnēflandērēcē Doĵruluk Hassasiyet ¥zg¿ll¿k Kesinlik  F1-skor AUC 

 

Orijinal  

Veriseti 

KNN  0.832 0.830 0.833 0.866 0.848 0.832 

Ensemble 0.838 0.832 0.846 0.878 0.855 0.839 

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 

GOA ile 

¥zellik 

se­imi 

KNN 0.888 0.896 0.878 0.896 0.896 0.887 

Ensemble 0.878 0.863 0.898 0.921 0.891 0.881 

SVM 0.855 0.845 0.868 0.896 0.870 0.857 

NaiveBayes 0.855 0.853 0.857 0.884 0.868 0.855 

 

¥zellik se­imi yapēlmadan kullanēlan orijinal veri setinde KNN, Ensemble, SVM ve 

Naive Bayes sēnēflandērēcēlarēnēn doĵruluk oranlarē %82.8 ile %83.8 aralēĵēnda kalmēĸtēr. 

Buna karĸēlēk, GOA ile se­ilmiĸ ºzellikler kullanēldēĵēnda doĵruluk oranlarēnēn belirgin 

bi­imde y¿kseldiĵi ve %85.5 ile %88,8 arasēnda deĵiĸtiĵi gºzlemlenmiĸtir. Bu durum, 

veri setindeki g¿r¿lt¿l¿ veya sēnēflandērma a­ēsēndan d¿ĸ¿k katkēlē ºzelliklerin 

elenmesinin, modelin genelleme yeteneĵini artērdēĵēnē gºstermektedir. Ayrēca, hassasiyet 

ve ºzg¿ll¿k deĵerleri incelendiĵinde GOAônēn ºzellikle KNN ve Ensemble 

yºntemlerinde g¿­l¿ bir etki saĵladēĵē dikkat ­ekmektedir. ¥rneĵin, KNN i­in 

hassasiyet %83.0ôdan %89.6ôya; ºzg¿ll¿k ise %83.3ôten %87.8ôe y¿kselmiĸtir. Benzer 

ĸekilde Ensemble yºntemi de hassasiyet (%83.2ôden %86.3ôe) ve ºzg¿ll¿k (%84.6ôdan 

%89.8ôe) a­ēsēndan kayda deĵer bir geliĸim gºstermiĸtir. Bu sonu­lar, GOAônēn sēnēflar 

arasēndaki ayrēmē daha net hale getirdiĵini ve ºzellikle yanlēĸ pozitif/yanlēĸ negatif 

sēnēflandērmalarēn azaltēlmasēna katkē saĵladēĵēnē ortaya koymaktadēr. 

 

Kesinlik ve F1-skoru deĵerleri a­ēsēndan da benzer bir iyileĸme sºz konusudur. ¥zellikle 

KNN sēnēflandērēcēsē, GOA sonrasē en y¿ksek F1-skoru (%89.6) ile ºne ­ēkmaktadēr. Bu 

bulgu, KNNônin GOA tarafēndan belirlenen ayērt edici ºzellikler ¿zerinde daha dengeli 

bir performans sergilediĵini gºstermektedir. Ayrēca, AUC deĵerleri incelendiĵinde t¿m 

sēnēflandērēcēlarēn GOA sonrasē daha y¿ksek ayērt edicilik kapasitesine ulaĸtēĵē 

gºr¿lmektedir. ¥zellikle Ensemble yºntemi %0.839ôdan %0.881ôe y¿kselerek ROC 

eĵrisi altēnda daha g¿venilir bir sēnēflandērma baĸarēsē elde etmiĸtir. 
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Gºrsel 2. Verik¿mesinin ºzellik se­imi ºncesi 4 farklē sēnēflandērēcēnēn karmaĸēklē matrisi 

ve ROC eĵrileri. 

 

Sonu­ olarak, deneysel bulgular GOA tabanlē ºzellik se­iminin, kardiyovask¿ler 

hastalēk verilerinde sēnēflandērma baĸarēmēnē artērmada etkili bir yaklaĸēm 

olduĵunu gºstermektedir. ¥zellikle KNN ve Ensemble yºntemleri, bu s¿re­ten en ­ok 

fayda saĵlayan sēnēflandērēcēlar olmuĸtur. Bu baĵlamda, ­alēĸmanēn bulgularē GOAônēn 

tēbbi veri analizi ve karar destek sistemlerinde kullanēlabilirliĵini desteklemekte ve 

y¿ksek doĵruluk gerektiren klinik uygulamalar i­in umut verici bir yºntem olduĵunu 

ortaya koymaktadēr. Deneysel sonu­lara ait sēnēflandērēcēlarēn her birine ait karmaĸēklēk 

matrisleri ve ROC eĵrileri sērasēyla Gºrsel 2 ve ķekil 3ôte gºsterilmiĸtir. 
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Gºrsel 3. ¥nerilen KVH-GOA temelli ºzellik se­imi sonrasēnda 4 farklē sēnēflandērēcēnēn 

karmaĸēklē matrisi ve ROC eĵrileri. 

5. SONU¢LAR 

 

Bu ­alēĸmada, kardiyovask¿ler hastalēklarēn ºngºr¿lmesi i­in GOA tabanlē ºzellik 

se­iminin sēnēflandērma performansēna etkileri incelenmiĸtir. Yapēlan deneysel analizler, 

GOA ile elde edilen ºzellik alt k¿melerinin sēnēflandērma baĸarēmēnē kayda deĵer ºl­¿de 

artērdēĵēnē ortaya koymaktadēr. Orijinal veri seti ile yapēlan sēnēflandērmalarda doĵruluk 

oranē %82.8 ile %83.8 arasēnda kalērken, GOA tabanlē ºzellik se­imi sonrasēnda doĵruluk 

oranlarēnēn %85.5 ile %88.8 seviyelerine y¿kseldiĵi gºr¿lm¿ĸt¿r. Bu durum, doĵruluk 

deĵerlerinde yaklaĸēk %4 ila %6 arasēnda bir artēĸ saĵlandēĵēnē gºstermektedir. 

¥zellikle KNN algoritmasēnda doĵruluk %83.2ôden %88.8ôe y¿kselerek %5.6ôlēk bir 

iyileĸme saĵlamēĸtēr. Benzer ĸekilde Ensemble yºntemi de %83.8ôden %87.8ôe ­ēkarak 

%4.0ôlēk bir geliĸim gºstermiĸtir. Hassasiyet deĵerleri a­ēsēndan deĵerlendirildiĵinde, 

GOA uygulamasē ile en y¿ksek artēĸ KNN algoritmasēnda ger­ekleĸmiĸ, %83.0ôdan 

%89.6ôya y¿kselerek %6.6ôlēk bir iyileĸme elde edilmiĸtir. ¥zg¿ll¿k deĵerlerinde ise 

Ensemble yºntemi ºne ­ēkmēĸ ve %84.6ôdan %89.8ôe y¿kselerek %5.2 oranēnda geliĸim 

saĵlamēĸtēr. Bu bulgular, GOAônēn sēnēflar arasē ayērt ediciliĵi g¿­lendirerek yanlēĸ 

sēnēflandērmalarē azalttēĵēnē gºstermektedir. Ayrēca, AUC deĵerlerinde de t¿m 

algoritmalarda iyileĸme gºzlemlenmiĸ olup, Ensemble yºntemi %0.839ôdan %0.881ôe 

y¿kselerek %5.0 oranēnda artēĸ gºstermiĸtir. Genel olarak, yapēlan analizler GOAônēn 

ºzellikle KNN ve Ensemble sēnēflandērēcēlarē ¿zerinde belirgin bir performans artēĸē 

saĵladēĵēnē gºstermektedir. Bu sonu­lar, y¿ksek doĵruluk, hassasiyet ve ºzg¿ll¿k 

gerektiren tēbbi tanē sistemlerinde GOA tabanlē ºzellik se­iminin g¿­l¿ bir alternatif 

olabileceĵini kanētlamaktadēr. Ayrēca, elde edilen iyileĸtirmelerin istatistiksel olarak 

anlamlē olduĵu ve ºzellikle yanlēĸ negatif oranēnē d¿ĸ¿rerek hastalēk tespitinde klinik 

a­ēdan ºnemli katkēlar saĵladēĵē sºylenebilir. Sonu­ olarak, GOA tabanlē ºzellik se­imi 

yºntemi, kardiyovask¿ler hastalēklarēn erken tanēsēnda makine ºĵrenmesi 

algoritmalarēnēn baĸarēmēnē artēran etkili bir yºntem olarak ºne ­ēkmaktadēr. Gelecek 

­alēĸmalarda bu yaklaĸēmēn farklē tēbbi veri k¿melerine uygulanmasē, derin ºĵrenme 

yºntemleri ile b¿t¿nleĸtirilmesi ve ger­ek zamanlē klinik karar destek sistemlerine entegre 

edilmesi ºnerilmektedir. 
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Abstract. We solve exactly the relativistic finite-difference equation for the quantum 

three-dimensional ring-shaped oscillator potential. Our investigation is based on a finite-

difference version of relativistic quantum mechanics. So-called relativistic 

configurational -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. 
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potential; the continuous dual Hahn and Jacobi polynomials; nonrrelativistic limit. 

PACS numbers: 03.65.Ge, 03.65.Pm, 03.65.īw 

 

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 [1ï3]. A fundamental equation of motion of the nonrelativistic 

quantum mechanics is the Schrºdinger equation. It describes physical phenomena in 

molecular physics, atomic and nuclear physics, quantum chemistry, etc., occurring at low 

energies [1,2]. The description of physical phenomena occurring at high energies should 

be based on relativistic wave equations [2, 3]. If the interaction potential is not enough to 

create particleïantiparticle pairs, we can apply the KleinïGordon equation to the 

treatment of zero-spin particle and apply the Dirac equation to that of a  spin particle. 

Note that the KleinïGordon equation and the Dirac equation are the most frequently used 

equations for the description of the particle dynamics in relativistic quantum mechanics. 
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We also note that, in addition to this, there is another, namely, the finite-difference version 

of relativistic quantum mechanics, developed in the works (see [4-13] and references 

there). 

       In many works using various central and non-central (or ring-shaped) potentials the 

problems of both non-relativistic (e.g., [14-25]) and relativistic (e.g., [26ï31]) bound 

states and scattering states are studied. It should be especially noted that non-central or 

ring-shaped potentials are widely used in various fields of theoretical 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 ring-shaped molecules such as benzene, and in nuclear physics to study the 

interactions of a deformed pair of nuclei. One needs to note that Quesne in published 

work [15] introduces a new ring-shaped oscillator potential. The Quesne potential is 

defined by 

 

                               (1.1) 

where  are three dimensionless positive parameters. The exact solution of the 

relativistic finite-difference wave equation with the ring-shaped Coulomb potential was 

found in [30].  

       The purpose of the present paper is to generalize the exactly solvable nonrelativistic 

Quesne ring-shaped oscillator potential (1.1) to the relativistic finite-difference quantum 

mechanics case. 

 

2. The finite-difference relativistic quantum mechanics 

 

The key concept in the finite-difference version of relativistic quantum mechanics is the 

notion of the three-dimesional relativistic configurational -space. The corresponding 

canonically conjugate momentum -space is the three-dimensional Lobachevsky space 

realized on the upper sheet of the mass hyperboloid 

                                                                    (2.1) 

Both - and -spaces are related to each other by the relativistic Fourier 

transform 

,                                            (2.2) 

where  is the relativistic three-dimensional volume element in the 

momentum Lobachevsky space and the function  is the relativistic plane waves 

 

.             (2.3) 

 

Here,    is the unit vector 

along the radius vector, and  is the Compton wavelength of the particle. 

The relativistic plane waves (2.3) obey the finite-difference free Schrºdinger equation 
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             (2.4) 

where the finite-difference operator  

.  (2.5) 

is the free Hamiltonian and  is the square of the angular momentum 

operator 

.      (2.6) 

The equation for the wave function of the relative motion of two scalar particles 

with the interaction potential  in the relativistic configurational -space can be 

obtained from (2.4) and has the form 

[ .                                                 (2.7) 

In the nonrelativistic limit we have 

.                                                          (2.8) 

 

 

3. The finite-difference relativistic ring-shaped oscillator model   

We now consider a finite-difference relativistic ring-shaped oscillator model with 

the potential 

                                   (3.1) 

where the function  defines the ring-shaped nature of the potential and has the form 

[15] 

.     (3.2) 

Here  are positive parameters. The potential (3.1) has a correct 

nonrelativistic limit  

 .                                       (3.3) 

The operator (3.3) is Hermitian with respect to a scalar product 

 

                                          (3.4) 

 

i.e.  Here, the functions  and ) vanish at the points 

 and  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 define , then we obtain the following equation for the wave 

function :  
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 (3.5) 

where  is a generalized degree. This equation allows the separation of 

variables.  Since the Hamiltonian of equation (3.5) commutes with the operator

, we can look for the wave function in the form 

 

                            (3.6) 

where  is the usual magnetic quantum number. Substitution of (3.6) 

into Eq. (3.5) leads to a set of finite-difference and second-order differential equations 

 

,                   (3.7) 

 

[                        (3.8) 

 

where  is dimensionless variable,  is a separation constant and 

.  The value for the parameter  will be determined from the angular equation (3.8). In 

addition, we have introduced the following notations , . 

Obviously, when  we have  

 

4. The solutions of the angular equation  

We investigate the solutions of the angle-dependent equation (3.8) [30], where  

is given in (3.2). In terms of the new variable , we obtain the following 

equation for the function   

[                                    (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 for the function 

 we obtain the following equation      

                               (4.4) 

Here we use the notations   , and also 

        


















































































































































































































































































































































































































