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¥zet: Candida tropicalis, ºzellikle baĵēĸēklēk sistemi baskēlanmēĸ bireylerde fērsat­ē enfeksiyonlara yol a­abilen, 

klinik a­ēdan ºnemli bir mantar t¿r¿d¿r. Hem mukozal hem de sistemik enfeksiyonlara neden olabilmesi ve 

antifungal tedavilere karĸē diren­ geliĸtirme potansiyeli, bu mikroorganizmayē ciddi bir saĵlēk tehdidi haline 

getirmektedir. Bu nedenle, doĵal kaynaklē, etkili ve biyouyumlu antifungal ajanlara olan ihtiya­ her ge­en g¿n 

artmaktadēr. Bu ­alēĸma, Diadema setosum (D. setosum) deniz kestanesi gonadlarēndan hekzan ile ekstrakte edilen 

yaĵēn, kolajen bazlē bir hidrojel sistemine entegre edilerek, Candida tropicalis ¿zerindeki antifungal etkisinin 

deĵerlendirilmesini ama­lamēĸtēr. Elde edilen yaĵ ekstraktēnēn yaĵ asidi profili gaz kromatografisi-k¿tle 

spektrometrisi (GC-MS) ile analiz edilmiĸtir. Geliĸtirilen deniz kestanesi yaĵē ile zenginleĸtirilmiĸ kolajen hidrojel 

(DsCOL) form¿lasyonunun ĸiĸme davranēĸē, zeta potansiyeli ve kararlēlēĵē incelenmiĸtir. Antifungal testler 

sonucunda, DsCOL hidrojelinin Candida tropicalis ¿zerinde anlamlē inhibisyon etkisi gºsterdiĵi belirlenmiĸtir. 

Bu bulgular, DsCOL hidrojelinin antifungal etkinliĵi ve biyouyumluluĵu sayesinde, potansiyel bir biyoaktif jel 
olarak yara ºrt¿leri ve biyomedikal uygulamalarda deĵerlendirilebileceĵini gºstermektedir. Anahtar kelimeler: 

Kolajen, Diadema setosum, lipid ekstraktē, hidrojel, Candida tropicalis 

Anahtar Kelimeler: Kolajen, Diadema Setosum, Lipid Ekstraktē, Hidrojel, Candida Tropicalis 

 

Investigation of the Antifungal Effect of Collagen Hydrogels Enriched With Diadema Setosum Oil Against 

Candida Tropicalis 

 

Abstract: Candida tropicalis is a clinically significant fungal species that can cause opportunistic infections, 

particularly in immunocompromised individuals. Its ability to lead to both mucosal and systemic infections and to 

develop resistance to antifungal therapies makes it a serious health threat. Therefore, there is a growing need for 

effective, biocompatible antifungal agents derived from natural sources. This study aimed to investigate the 
antifungal effect of oil extracted with hexane from the gonads of Diadema setosum (D. setosum), a long-spined 

sea urchin, incorporated into a collagen-based hydrogel system, against Candida tropicalis. The fatty acid 

composition of the extracted oil was analyzed using gas chromatographyïmass spectrometry (GC-MS). The 

developed collagen hydrogel enriched with sea urchin oil (DsCOL) was evaluated for its swelling behavior, zeta 

potential, and stability. Antifungal tests revealed that the DsCOL hydrogel exhibited significant inhibitory effects 

against Candida tropicalis. These findings suggest that DsCOL hydrogel, due to its antifungal activity and 

biocompatibility, could serve as a potential bioactive gel for use in wound dressings and other biomedical 

applications. 

Keywords: Collagen, Diadema Setosum, Lipid Extract, Hydrogel, Candida Tropicalis 

 

1.Introduction  
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Candida tropicalis is a fungal species in the Ascomycota division, recognized for its rapid spread and 

high mortality rates, particularly among immunocompromised individuals (Boran et al., 2024). 

Recently, it has emerged as a significant non-albicans Candida species found in blood coolers, associated 
with nosocomial infections (Pfaller et al., 2011). This indicates that C. tropicalis may account for 50% 

of Candida infections, although some strains of C. glabrata are also documented. Notably, during the 

COVID-19 pandemic, the strains of C. tropicalis and C. parapsilosis remained unchanged (Pienthong 
et al., 2023). C. tropicalis is characterized by its high virulence and drug resistance, particularly due to 

its ability to adhere to surfaces and form biofilms. These biofilms contribute to resistance against 

antifungal treatments, resulting in persistent infections (Silva et al., 2012; Tseng et al., 2020). 
Furthermore, resistance to antifungals like fluconazole highlights the need for developing new treatment 

alternatives (Boran et al., 2023). 

Hydrogels are semi-liquid, soft, or slightly rigid structures made up of cross-linked hydrophilic polymer 

networks. Their properties and structure can vary based on the attachment points within their three-
dimensional frameworks (Ahmed, 2015). Physical hydrogels feature reversible, non-covalent bonds, 

including hydrogen bonds, van der Waals forces, hydrophobic interactions, and ionic interactions; an 

example of this category is calcium alginate gels (Mohammadinejad et al., 2019).  

Recently, there has been a growing interest in natural polymer-based hydrogels. Biodegradable and 

biocompatible materials such as gelatin, collagen, alginate, and agarose are emerging as viable 

alternatives to synthetic hydrogels (Boran et al., 2023). Collagen, a crucial polymer that comprises 
hydroxyproline and various functional groups, accounts for 25% of the body's proteins (Sun et al., 2017; 

Zhang et al., 2018). Its biocompatibility, low antigenic structure, and hemostatic properties make it 

widely used in wound dressings (Owczarzy et al., 2020; Sahiner et al., 2018). Additionally, when 

combined with chitosan, collagen enhances hemostasis and provides better permeability control. 

Protein-based hydrogels are also favored for transporting food additives and bioactive components due 

to their Generally Recognized As Safe (GRAS) status, encapsulation capacity, and safety as food carriers 

(Chen et al., 2006; Reddy et al., 2015; Sarrigiannidis et al., 2021). In the medical field, these hydrogels 
have diverse applications ranging from tissue engineering and drug delivery systems to wound dressings 

and biosensors (Cal· et al., 2015). 

This study presents, for the first time, the anti-candidal activity and time-dependent death dynamics of 

a collagen-based D. setosum hydrogel against Candida tropicalis. Additionally, the stability, zeta 

potential, and swelling performance of this hydrogel were investigated. 

2.Materials 

2.1. Preparation of D. setosum Gonad Extraction and Oil Analysis 

Sea urchins (D. setosum) were collected from the coasts of Aydēncēk/Mersin between May and August 

2024. The samples were transported to the laboratory under a cold chain at -20ÁC. dissection was 

performed to remove the gonads, which were then subjected to the Soxhlet extraction process using 200 
mL of hexane as the solvent. A 10-gram sample was placed in the Soxhlet apparatus, and the hexane 

was subsequently removed using a rotary evaporator. The remaining oil was utilized for further 

experiments, and GC/FID analysis was conducted following the methodology described by Erdogan 

Eliuz et al. (2024). In brief, a 7890A GC 5975C MSD (Agilent) instrument equipped with an HP-5MS 
column (30 m x 250 Õm x 0.25 Õm) was employed. The temperature was initially set at 50ÁC and 

gradually increased to 250ÁC and then to 300ÁC in a few minutes. The identified components were 

analyzed by comparing them with data from the NIST 2008 (National Institute of Standards and 

Technology) and National Standards Institute databases. 

2.2.Preparation of D. setosum-based collagen hydrogel (DsCOL) 

Before beginning the study, a 30% collagen solution was prepared in a tube, followed by 
homogenization using a homogenizer. The collagen solution was then boiled for 10 minutes with a 

heated magnetic stirrer. Next, 1 mL of D. setosum gonad oil was added to a tube containing 1 mL of the 

collagen solution. The mixture was blended for 15 minutes using the homogenizer and heater. During 

this process, 100 ÕL of 25% glutaraldehyde was incorporated into the sample to facilitate cross-linking. 
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Th final product D. setosum gonad oil based collagen hydrogel (DsCOL) was allowed to mature in the 

refrigerator at 10ÁC. 

 

 

Figure 1. DsCOL hydrogel at 10oC on the 10th day (A); at 25oC on the 10th day (B) 

 

2.3. Swelling Measurements, Zeta Potential, and Stability of DsCOL 

The 1 gram of DsCOL was fully dried in a lyophilizer, then weighed on a precision balance and 

completely immersed in 50 ml of distilled water. The sample was left at room temperature for 3 hours 

and then hung for 10 minutes to remove excess water. Equilibrium swelling (ES) was calculated using 

Equation 1. 

ES(%) = (W2 - W1) / W1 * 100 (Equation 1) 

In this equation, W1 and W2 represent the weights of the dry and swollen gel, respectively. 

A zeta sizer device was used for zeta measurement and the 10-day gel form of DsCOL was visually 

evaluated. 

2.4.Antimicrobial activity of D.setosum extract and DsCOL on Candida tropicalis 

Agar well diffusion was employed to test the antifungal activity of D. setosum and DsCOL. Prior to the 
experiment, Candida tropicalis (ATCC 750) was cultured in 5 mL of tryptic soy broth for 24 hours. 

Following this incubation, 0.5 McFarland standards were prepared. Using the well diffusion method, 

six 6-mm wells were drilled into the surface of Mueller Hinton Agar plates, and the 0.5 McFarland 
microbial cultures were evenly spread across the agar. Subsequently, 50 ɛL of either D. setosum oil or 

DsCOL was added to each well. The plates were then incubated at 35ÁC for 24 hours to allow the 

formation of inhibition zones, which were measured using a caliper. 

2.5.Time related dynamics of mortality of the pathogens on exposure to DsCOL 

Five microliters of bacterial inoculum (Mcfarland 0.5) was transferred into tubes containing 50 

microliters of Dhyd and vortexed for 5 minutes. A negative control was also prepared using DsCOL 

following the same procedure. All samples, at three different concentrations, were incubated at 35ÁC for 
15 minutes in a shaking incubator. After incubation, the ELISA plates were removed and placed into 

sterile glass tubes containing 1 milliliter of saline, then shaken for 5 minutes in the shaking incubator to 

facilitate the transfer of yeasts into the saline. Following a 10^-2 serial dilution of the samples, 5 

microliters from each tube were inoculated onto MHA plates and incubated at 35ÁC for 24 hours. After 
one day, colonies were counted visually, and logarithmic reduction and percent inhibition were 

calculated using equations (1,2). 

 

Percent Reduction Ϸ ρzππ =     Eq.1. 
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Logarithmic decrement =Log10 =Log10(A)-Log10(B)                    Eq. 2. 

 

Statistical analysis 

The analyses and significance were tested using One-way ANOVA with post-hoc Tukey HSD Test (p-

value< 0.05). 

3.Result and Discussion 

3.1. D.setosum components and some properties of DsCOL 

The dominant components of D. setosum were identified through GC analysis as follows: C18:1 cis-9-

oleic acid (9.30%), C18:2 n-6 linoleic acid (8.5%), C18:1 trans-9-elaidic acid (5.2%), C18:2 trans-

linolelaidic acid (3.9%), C16:0 palmitic acid (3.8%), C20:5n3 EPA (3.0%), and C17:0 margaric acid 
(0.9%). These results align with findings from several studies in the literature. For instance, Muhammad 

et al. (2020) reported through GC-MS analysis of gonad extract the presence of n-hexadecanoic acid 

(39.66%), 9-octadecenoic acid (Z)-methyl ester (23.1%), and tetradecanoic acid (21.01%). 

In this study, we developed a collagen hydrogel incorporating D. setosum lipids. The zeta potential and 
conductivity of DsCOL were measured at -15.2Ñ0.04 mV (Figure 2) and 0,0580 mS/cm, respectively 

(p᾽0.05). The maximum particle size and PdI recorded were 2610 d.nm and 1 (Figure 3).  

 

 

Figure 2. Zeta potential of DsCOL hydrogel. 

 

 

Figure 3. The size distribition of DsCOL hydrogel. 

 

According to literature that zeta potentials between -30 mV and +30 mV are considered stable (Erdogan 
Eliuz et al., 2022). The water retention capacity of DsCOL hydrogel is a key indicator of stability in gel 

systems, offering insights into how the gel structure disintegrates under various stress conditions (De 

Vries et al., 2015). In our study, the water retention capacity (WHC) of DsCOL was measured at 140.0%, 

178.7%, and 128.0% (Figure 4).  
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Figure 4. Swelling ration of DsCOL hydrogel 

 

While some dissolution occurred in the aqueous environment over the 15-hour period, complete 
disintegration did not take place. The swelling ratio indicates the expansion of biopolymers that absorb 

water. In gels, crosslinkers facilitate the diffusion of water in the transition regions (Begam et al., 2003; 

Cates, 2010). 

3.2.Anticandidal activity of DsCOL hydrogel 

Figure 4 illustrated the antifungal activity of D. setosum oil and DsCOL hydrogel. The extract and the 

hydrogel demonstrated inhibitory effects against C. tropicalis. The inhibition zones on C. tropicalis was 
measured 38.2Ñ4.5 mm and 8.8 Ñ 2.1 mm (Figure 5) for D.setosum oil and DsCOL hydrogel, respectively 

(p᾽0.05).  

 

 

Figure 5. IZ of D.setosum oil (A); DsCOL hydrogel (B) 

 

The inhibitions of C. tropicalis were %33.8; %67.1 and %89.5 at the day of 5, 15 and 25 after treatment 

with DsCOL hydrogel. In our study, DsCOL hydrogels inhibited C. tropicalis by 33%, 67.1% and 89.5% 

at 5, 15 and 25 minutes, respectively (Figure 6). 
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Figure 6. The inhibition of C. tropicalis by DsCOL 

 

Hydrogel formulations that incorporate methylcellulose (Serra et al., 2020), Ginja cherry extract 
(Campos et al., 2014), thyme (Origanum vulgare) (Otoni et al., 2014), and essential oils from Jania 

rubens algae (Boren et al., 2023) have been developed due to their excellent water absorption capabilities 

and antimicrobial properties. Notably, methylcellulose and Jania rubens hydrogels are recommended 
for oral mucosa and/or vaginal applications because of their ability to adhere effectively to mucosal 

surfaces (Gafitanu et al., 2017; Boran et al., 2023). This study presents the novel finding that D. setosum 

hydrogel rapidly inhibits fungal growth in the presence of Candida. 

Conclusion 

This study tested the antifungal activity of D. setosum extract and its collagen-based hydrogel against 

Candida tropicalis. The results showed a significant inhibition of Candida tropicalis, along with stable 

bioactive properties of the hydrogel over time. Consequently, this suggests that the collagen-based D. 
setosum hydrogel has potential for use in treating infections, particularly those associated with vaginal 

diseases. 

Acknowledgements: This study funded by Mersin University Research Fund (Project No: 2023-2-TP2-

4954). 
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¥zet: Bu araĸtērmanēn amacē, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik gºr¿ĸlerini 

incelemek ve bu gºr¿ĸleri, tanēlama s¿re­leri ile ºĵretimsel yaklaĸēmlar baĵlamēnda deĵerlendirmektir. Nitel 

araĸtērma desenlerinden durum ­alēĸmasē modeli kullanēlarak y¿r¿t¿len bu ­alēĸmanēn ­alēĸma grubunu, 2025-

2026 eĵitim-ºĵretim yēlēnda bir devlet ¿niversitesinde biyoloji eĵitimi lisans programēnda ºĵrenim gºren 25 
ºĵretmen adayē oluĸturmaktadēr. Araĸtērmanēn verileri, araĸtērmacē tarafēndan geliĸtirilen yarē yapēlandērēlmēĸ 

gºr¿ĸme formu aracēlēĵēyla toplanmēĸ, elde edilen veriler i­erik analizi yºntemiyle analiz edilmiĸtir. Araĸtērma 

bulgularē doĵrultusunda ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere iliĸkin tanēmlarēnda zihinsel kapasite, 

hēzlē ºĵrenme, farklē bakēĸ a­ēsē ve belirli alanlarda gºsterdikleri ºzel yeteneklerin ºne ­ēktēĵē gºr¿lm¿ĸt¿r. Eĵitim 

ihtiya­larēna yºnelik olarak, zenginleĸtirilmiĸ ve bireyselleĸtirilmiĸ ºĵretim yaklaĸēmlarēna, geliĸmiĸ materyal 

kullanēmēna ve ºĵrenci merkezli esnek ºĵretim yºntemlerine duyulan ihtiya­ vurgulanmēĸtēr. Bununla birlikte 

ºĵretmen adaylarē, ºĵretim s¿recinde karĸēlaĸabilecekleri temel zorluklar arasēnda bilgi eksikliĵi, materyal 

yetersizliĵi, sēnēf i­i dengeyi kurma g¿­l¿ĵ¿ ve ºĵrencinin hēzēna uyum saĵlayamama gibi faktºrleri belirtmiĸtir. 

Mesleki geliĸim a­ēsēndan ise adaylar; derinlemesine alan bilgisi, farklēlaĸtērēlmēĸ ºĵretim planlama becerisi, 

proje rehberliĵi, gºzlem ve tanēlama yetkinlikleri ile akademik kaynaklara eriĸim gibi unsurlarda kendilerini 

geliĸtirme gereksinimi hissettiklerini ifade etmiĸlerdir. Sonu­ olarak, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli 
ºĵrencilere yºnelik farkēndalēklarēnēn geliĸtirilmesi, ºĵretmen yetiĸtirme programlarēnēn i­eriĵinde bu 

ºĵrencilere yºnelik daha b¿t¿nc¿l ve uygulamalē bir yaklaĸēm benimsenmesi gerektiĵi ºnerilmektedir. Bu 

baĵlamda elde edilen bulgularēn, ºĵretmen adaylarēnēn hizmet ºncesi eĵitimlerinin iyileĸtirilmesine katkē 

sunacaĵē ve ¿st¿n yetenekli bireylerin eĵitim s¿re­lerine nitelik kazandēracaĵē d¿ĸ¿n¿lmektedir. 

Anahtar Kelimeler: ¦st¿n Yeteneklilik, Biyoloji ¥ĵretmen Adaylarē, ¥ĵretmen Adayē Gºr¿ĸleri 

 

A Study On the Views of Pre-Service Biology Teachers Regarding Gifted Students 

 

Abstract: The aim of this study is to examine pre-service biology teachersô views on gifted students and to evaluate 

these views within the context of identification processes and instructional approaches. The study was conducted 

using the case study model, one of the qualitative research designs. The study group consisted of 25 pre-service 
teachers enrolled in a biology education undergraduate program at a public university in Turkey during the 2024ï

2025 academic year. Data were collected through a semi-structured interview form developed by the researcher 

and analyzed using content analysis. The findings revealed that participants primarily defined gifted students in 

terms of high cognitive capacity, rapid learning, unique perspectives, and domain-specific talents. In terms of 

educational needs, participants emphasized the importance of enriched and individualized teaching strategies, the 

use of advanced instructional materials, and student-centered flexible teaching methods. Regarding potential 

challenges in the instructional process, participants cited limited subject-matter knowledge, insufficient materials, 

difficulties in balancing classroom dynamics, and adapting to the pace of gifted learners. For their own 

professional development, they highlighted the need to improve in-depth subject knowledge, differentiated 

instruction planning, project-based guidance, observation and identification skills, as well as access to academic 

resources. In conclusion, the findings suggest that raising awareness among pre-service biology teachers about 

gifted learners is essential. It is recommended that teacher training programs adopt a more comprehensive and 
practice-oriented approach to address the specific educational needs of gifted students. The results of this study 
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are expected to contribute to the enhancement of pre-service teacher education and the improvement of 

educational practices for gifted individuals. 

Keywords: Giftedness, Pre-Service Biology Teachers, Pre-Service Teachersô Opinions On 

 

GĶRĶķ 

¦st¿n zek© ve ¿st¿n yetenek kavramlarē, tarih boyunca hem bilim insanlarēnēn hem de eĵitimcilerin 

dikkatini ­eken ºnemli olgular arasēnda yer almēĸtēr. Bu bireyler; y¿ksek ºĵrenme kapasitesi, yaratēcē 

d¿ĸ¿nme becerileri ve ­eĸitli alanlarda sergiledikleri olaĵan¿st¿ baĸarēlarla toplumlarēn bilimsel, 
k¿lt¿rel ve teknolojik geliĸiminde ºnemli roller ¿stlenmektedir. ¦st¿n yetenekli bireyler yalnēzca 

bireysel baĸarēlarēyla deĵil, aynē zamanda toplumsal kalkēnma a­ēsēndan da stratejik bir deĵer 

taĸēmaktadēr (Kulaksēzoĵlu, Bilgili & ķirin, 2004). Bu baĵlamda, ¿st¿n yetenekli bireylerin erken 
dºnemde tanēlanmasē, uygun eĵitim ortamlarēnda desteklenmeleri ve potansiyellerini en ¿st d¿zeyde 

kullanabilmeleri i­in yapēlandērēlmēĸ eĵitim s¿re­lerine dahil edilmeleri b¿y¿k ºnem arz etmektedir 

(Bayko­ Dºnmez, 2009). 

Mill´ Eĵitim Bakanlēĵē (MEB), ¿st¿n yetenekli bireyleri; akranlarēna kēyasla daha hēzlē ºĵrenen, 
yaratēcēlēk, liderlik, sanat ve akademik yetenek alanlarēnda y¿ksek performans gºsteren bireyler olarak 

tanēmlamaktadēr (MEB, 2019). Bu tanēm doĵrultusunda T¿rkiyeôde ¿st¿n yetenekli ºĵrencilerin eĵitim 

ihtiya­larē; destek eĵitim odalarē, Bilim ve Sanat Merkezleri (BĶLSEM) gibi ºzel kurumlar aracēlēĵēyla 
karĸēlanmaktadēr (Bolat, 2020). Ancak bu s¿recin ilk adēmē olan tanēlama ve yºnlendirme aĸamasē 

­oĵunlukla sēnēf ºĵretmenlerinin gºzlem ve deĵerlendirmelerine dayandēĵēndan, ºĵretmenlerin ¿st¿n 

yetenekli bireylere iliĸkin bilgi d¿zeyi, algē ve tutumlarē bu ºĵrencilerin eĵitime eriĸiminde belirleyici 

olmaktadēr (Seyhan, 2015; Davis & Rimm, 2004). 

Ge­miĸten g¿n¿m¿ze yapēlan ­alēĸmalar, ºĵretmenlerin ¿st¿n yetenekli ºĵrencilere yºnelik 

farkēndalēklarēnēn ve pedagojik yeterliklerinin, bu ºĵrencilerin eĵitsel baĸarēlarē ¿zerinde doĵrudan etkili 

olduĵunu gºstermektedir (¢apan, 2010; Aydēn & ķent¿rk, 2020). Nitekim ºĵretmenlerin sahip olduklarē 
tutumlar, yalnēzca ºĵrencilerin tanēlanmasēnda deĵil, aynē zamanda onlara sunulacak farklēlaĸtērēlmēĸ 

eĵitim yaklaĸēmlarēnēn niteliĵinde de belirleyici bir role sahiptir (Heacox, 2012; Tomlinson, 1999). 

Fen bilimleri eĵitimi, ¿st¿n yetenekli ºĵrencilerin doĵal eĵilim ve ilgi alanlarēyla ºrt¿ĸmesi nedeniyle 
bu bireylerin potansiyelini a­ēĵa ­ēkarma konusunda ayrē bir ºnem arz etmektedir. ¥zellikle biyoloji 

eĵitimi, analitik d¿ĸ¿nme, gºzlem yapma, deneysel s¿re­leri yºnetme ve bilimsel sorgulama gibi temel 

becerilerin geliĸimini desteklemesi bakēmēndan ¿st¿n yetenekli ºĵrenciler i­in zengin bir ºĵrenme alanē 

sunmaktadēr (Subotnik, Olszewski-Kubilius & Worrell, 2011). Bu nedenle, biyoloji ºĵretmen 
adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik algē, bilgi d¿zeyi ve pedagojik yaklaĸēmlarē hem bu 

ºĵrencilerin eĵitim s¿re­lerini hem de ºĵretim kalitesini doĵrudan etkilemektedir. 

Biyoloji ºĵretmen adaylarēnēn, ºzellikle fen bilimleri temelli ºĵrenme ortamlarēnda, ¿st¿n yetenekli 
ºĵrencilere yºnelik gºr¿ĸ ve yaklaĸēmlarēnēn ortaya konmasē; hem ºĵretmen yetiĸtirme programlarēnēn 

geliĸimi a­ēsēndan hem de ¿st¿n yetenekli ºĵrencilerin bu alanlardaki geliĸimlerinin desteklenmesi 

a­ēsēndan ºnem arz etmektedir. Literat¿rde sēnēf ºĵretmenlerinin tutum ve algēlarēna yºnelik ­eĸitli 
­alēĸmalar yer almakla birlikte (Akar & ķengil-Akar, 2012; Ekinci, S¿mer, Bozan & ¢ete, 2018; ķahin, 

2013), fen bilimleri ºĵretmen adaylarēnēn gºr¿ĸlerine odaklanan ­alēĸmalarēn sayēsē olduk­a sēnērlēdēr. 

Bu nedenle, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere iliĸkin gºr¿ĸlerinin incelenmesi, 

hem alan yazēndaki boĸluĵun giderilmesine katkē saĵlayacak hem de ºĵretmen yetiĸtirme programlarēna 

yºnelik ºneriler geliĸtirilmesine olanak tanēyacaktēr. 

Bu araĸtērmanēn amacē, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik gºr¿ĸlerini 

ortaya koymak ve bu gºr¿ĸlerin tanēlama, yºnlendirme ve ºĵretim s¿re­lerine yansēmalarēnē 
incelemektir. Bºylece ºĵretmen adaylarēnēn mevcut yeterlik d¿zeylerinin belirlenmesi ve ihtiya­ 

duyulan alanlara iliĸkin geliĸtirme ­alēĸmalarēnēn planlanmasē hedeflenmektedir. 

Araĸtērmanēn Problemi 

Biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere iliĸkin bilgi d¿zeyleri, algēlarē ve tutumlarē; 
bu ºĵrencilerin eĵitim s¿re­lerinde karĸēlaĸtēklarē ihtiya­larēn anlaĸēlmasē ve uygun ºĵretim 
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stratejilerinin geliĸtirilmesi a­ēsēndan kritik ºneme sahiptir. Ancak mevcut literat¿r, fen eĵitimi alanēnda 

ºĵrenim gºren ºĵretmen adaylarēnēn ¿st¿n yetenekli bireyleri tanēma, deĵerlendirme ve onlara yºnelik 

ºĵretim uygulamalarē geliĸtirme konusundaki yeterliliklerine dair sēnērlē sayēda ­alēĸmanēn bulunduĵunu 
ortaya koymaktadēr. Bu durum, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik 

gºr¿ĸlerinin sistematik bir bi­imde incelenmesini gerekli kēlmaktadēr.  

Araĸtērmanēn Alt Problemleri 

¶ Biyoloji ºĵretmen adaylarē, ¿st¿n yetenekli ºĵrencileri nasēl tanēmlamaktadēr? 

¶ Bu ºĵrencilerin ºzelliklerine iliĸkin ne t¿r bilgilere sahiptirler? 

¶ ¦st¿n yetenekli ºĵrenciler i­in nasēl ºĵretim yaklaĸēmlarēnēn uygulanmasē gerektiĵini 
d¿ĸ¿nmektedirler? 

¶ Kendi eĵitim s¿re­lerinin bu konuda yeterli olup olmadēĵēnē nasēl deĵerlendirmektedirler? 

¶ ¦st¿n yetenekli ºĵrencilere yºnelik farklēlaĸtērēlmēĸ ºĵretim uygulamalarē hakkēnda bilgi 
d¿zeyleri nedir? 

¶ Tanēlama ve yºnlendirme s¿recinde ºĵretmenlerin rol¿ne iliĸkin ne d¿ĸ¿n¿yorlar? 

Araĸtērmanēn Amacē  

Biyoloji ºĵretmenlerinin sēnēf ortamēnda ¿st¿n yetenekli ºĵrencilerin farkēna varmalarē ve tanēlama 

s¿recinde ºĵrencileri desteklemeleri baĵlamēnda, bu ­alēĸmanēn amacē, biyoloji ºĵretmeni adaylarēnēn 

¿st¿n yetenekli ºĵrencilere iliĸkin gºr¿ĸlerini derinlemesine analiz etmek ve bu gºr¿ĸlerin eĵitim 

s¿recine etkilerini ortaya koymaktēr. Araĸtērma sonucunda elde edilecek bulgularēn, hem ¿st¿n yetenekli 
bireylerin daha nitelikli bir ĸekilde tanēlanmasēna hem de ºĵretmen adaylarēnēn hizmet ºncesi 

eĵitimlerinin zenginleĸtirilmesine katkē sunmasē beklenmektedir. Ayrēca bu ­alēĸma ile hem ºĵretmen 

eĵitimi literat¿r¿ne katkē saĵlanacak hem de eĵitim politikalarēnēn ĸekillenmesinde temel olarak yer 

alacaktēr. 

Y¥NTEM 

Araĸtērmanēn bu bºl¿m¿nde; araĸtērmanēn modeli, araĸtērmanēn ­alēĸma grubu, araĸtērmanēn veri 

toplama aracēna ve araĸtērmanēn veri analizinde kullanēlan tekniklere yºnelik bilgiler yer almaktadēr. 

Araĸtērmanēn modeli 

Bu araĸtērmada biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik gºr¿ĸlerini 

derinlemesine inceleyebilmek amacēyla nitel araĸtērma desenlerinden olan durum ­alēĸmasē modeli 
tercih edilmiĸtir. Durum ­alēĸmasē, araĸtērma konusunun b¿t¿nsel olarak ve derinlemesine analiz 

edilmesini saĵlayan yºntemdir (Creswell, 2007). Bu baĵlamda durum ­alēĸmasē ile araĸtērēlmak istenen 

konu belirli bir sistem i­erisinde olaylarēn ve durumlarēn daha ayrēntēlē ve kapsamlē bir ĸekilde 
incelenmesini saĵlamaktadēr. Ayrēca yapēlan araĸtērmalara gºre durum ­alēĸmalarēnēn en b¿y¿k avantajē, 

ele alēnan olay ya da durumlarēn ­ok yºnl¿ olarak incelenmesi m¿mk¿nd¿r (Yēlmaz, ¢imen, Karakaya 

& ¦­¿nc¿, 2018). Bu modelin tercih edilme sebebi, ºĵretmen adaylarēnēn bireysel yorumlarēnēn ve 

deneyimlerinin daha detaylē bir ĸekilde incelenmesini saĵlamasēdēr.  

Araĸtērmanēn ¢alēĸma Grubu 

Araĸtērmanēn ­alēĸma grubunu, 2025-2026 eĵitim- ºĵretim yēlēnda T¿rkiyeôde bir devlet ¿niversitesinin 

eĵitim fak¿ltesinde biyoloji eĵitimi lisans programēnda ºĵrenim gºrmekte olan 25 ºĵretmen adayē 

oluĸturmaktadēr.  

 

Tablo 1: ¢alēĸma Grubuna Ait Demografik Bilgiler 

Deĵiĸken  N f (%) 

 

Cinsiyet 

Kadēn 22 %88 

Erkek 3 %12 
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Deĵiĸken  N f (%) 

 

Sēnēf D¿zeyi 

3. Sēnēf 11 %44 

4. Sēnēf 14 %56 

 

Veri Toplama Ara­larē 

Araĸtērma verileri, araĸtērmacē tarafēndan geliĸtirilen yarē yapēlandērēlmēĸ gºr¿ĸme formu aracēlēĵēyla 
toplanmēĸtēr. Gºr¿ĸme formu, literat¿r taramasē doĵrultusunda hazērlanmēĸ ve i­erik ge­erliliĵini 

saĵlamak amacēyla iki alan uzmanē tarafēndan deĵerlendirilmiĸtir. Form, katēlēmcēlarēn ¿st¿n yetenekli 

ºĵrenciler hakkēndaki tanēmlarē, bu ºĵrencilerin ºzelliklerine dair algēlarē, ºĵretim s¿re­lerinde nasēl bir 
yaklaĸēm benimsedikleri ve bu alandaki eĵitim ihtiya­larēna iliĸkin d¿ĸ¿ncelerini ortaya koyacak ĸekilde 

yapēlandērēlmēĸtēr. Gºr¿ĸme formu beĸ adet sorudan oluĸmaktadēr.  

Verilerin Analizi  

Bu araĸtērmada elde edilen veriler, nitel araĸtērma yºntemlerinde sēklēkla tercih edilen i­erik analizi 
yºntemi ile ger­ekleĸtirilmiĸtir. Ķ­erik analizi yºntemi nitel ve nicel araĸtērmalarda belirli temalarēn 

oluĸturulmasē baĵlamēnda tercih edilen bir yºntemdir. Yapēlan araĸtērmalarda i­erik analizinin temel 

amacēnēn toplanan verileri a­ēklayabilecek kavramlara ve iliĸkilere ulaĸmak olduĵu gºr¿lmektedir 
(Sel­uk, Palancē, Kandemir & D¿ndar, 2014). Ķ­erik analizinde, veriler arasēndaki benzerlikleri 

saptayarak ortak tema ve kavramlar etrafēnda toparlayarak anlamlē sistematik ve anlaĸēlēr ĸekilde 

sunmaktēr (Yēldērēm & ķimĸek, 2006). Bu baĵlamda i­erik analizi yºntemi ºzellikle temalar arasēndaki 

baĵlarē incelemektedir (Yēldērēm & ķimĸek, 2011, s.227). 

Ķ­erik analizi yºnteminde ºnceden belirlenen kategoriler yerine, verilerden elde edilen anlam i­eriĵimi 

temel alan kodlamalar ger­ekleĸtirilir. Her veri, iki baĵēmsēz araĸtērmacē tarafēndan detaylē bir ĸekilde 

okunarak bir anlam ­er­evesi ortaya ­ēkarēlmēĸtēr. Kodlama iĸlemleri sērasēnda alt temalar, temalar ve 
ana kategoriler olarak sēnēflandērma yapēlmēĸtēr. Kodlamalar arasē tutarlēlēĵēn saĵlandēĵēnē gºstermek 

amacēyla, Miles ve Hubermanôēn (2015) ºnerdiĵi g¿venilirlik form¿l¿ kullanēlmēĸtēr: 

 

G¿venilirlik = Gºr¿ĸ Birliĵi / Toplam Gºr¿ĸ Sayēsē 

 

Bu hesaplama sonucunda, iki araĸtērmacē arasēnda elde edilen g¿venilirlik oranē %91 olarak bulunmuĸ, 

bu da analiz s¿recinin olduk­a y¿ksek bir tutarlēlēk taĸēdēĵēnē gºstermektedir. 

BULGULAR  

Araĸtērma amacē doĵrultusunda uygulanan veri toplama aracēndan elde edilen bulgulara aĸaĵēda yer 

verilmiĸtir. Araĸtērma kapsamēnda ºncelikle ºĵretmen adaylarēna; óSizce ¿st¿n yetenekli ºĵrenci kimdir? 
Bu ºĵrencileri tanēmlarken hangi ºzellikleri dikkate alērsēnēz ve bu konudaki bilgi d¿zeyinizi nasēl 

deĵerlendirirsiniz?ô sorusu yºneltilmiĸ elde edilen bulgulara Tablo 2ôde yer verilmiĸtir. 

 

Tablo 2: ¥ĵretmen Adaylarēnēn ¦st¿n Yetenekli ¥ĵrenci Tanēmēna, Tanēmlamada Kullandēklarē 

¥zelliklere ve Konuya Yºnelik Bilgi D¿zeylerine Ķliĸkin Gºr¿ĸleri 

Temalar Kodlar  Frekans 

(f) 

Y¿zde 

(%) 

Zihinsel Kapasite ve Biliĸsel 

¦st¿nl¿k 

Hēzlē ºĵrenme ve kavrama 10 %40 

Zek© d¿zeyinin y¿ksek olmasē 8 %32 

Yaratēcēlēk ve Farklē 

D¿ĸ¿nme 

Farklē bakēĸ a­ēlarēna sahip olma 7 %28 

¥zg¿n fikir ¿retme 4 %16 

Ķlgi ve Merak Yoĵun ilgi ve keĸfetme isteĵi 6 %24 

Belirli alanlara yoĵunlaĸma 5 %20 

Alanlara ¥zg¿ Yetenekler Sanatsal, akademik, liderlik, yaratēcē potansiyel 6 %24 

Tanē ve Belirleme S¿reci  Gºzleme dayalē tanēmlama 3 %12 

Zek© testine referans 1 %4 
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Temalar Kodlar  Frekans 

(f) 

Y¿zde 

(%) 

Bilgi D¿zeyi 

Deĵerlendirmesi 

Orta d¿zeyde bilgi 10 %40 

D¿ĸ¿k bilgi, eksiklik farkēndalēĵē 6 %24 

Eĵitim/derse dayalē bilgi 2 %8 

 

Tablo 2 incelendiĵinde ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrenci tanēmēna, tanēmlamada 

kullandēklarē ºzelliklere ve konuya yºnelik bilgi d¿zeylerine iliĸkin gºr¿ĸleri; ñZihinsel Kapasite ve 
Biliĸsel ¦st¿nl¿kò, ñYaratēcēlēk ve Farklē D¿ĸ¿nmeò, ñĶlgi ve Merakò, ñAlanlara ¥zg¿ Yeteneklerò, 

ñTanē ve Belirleme S¿reciò, ñBilgi D¿zeyi Deĵerlendirmesiò olmak ¿zere 6 tema altēnda incelendiĵi 

gºr¿lmektedir. Zihinsel kapasite ve biliĸsel ¿st¿nl¿k temasē altēnda ºĵretmen adaylarēnēn verdikleri 
cevaplarēn ­oĵunluĵunun %40 (f=40)ônēn zeka d¿zeyinin y¿ksek olmasē olduĵu; yaratēcēlēk ve farklē 

d¿ĸ¿nme temasē altēnda ºĵretmen adaylarēnēn verdikleri cevaplarēn ­oĵunluĵunun %28 (f=7)ônin farklē 

bakēĸ a­ēlarēna sahip olma olduĵu; ilgi ve merak temasē altēnda ºĵretmen adaylarēnēn ­oĵunluĵunun %24 
(f=6)ôn¿n yoĵun ilgi ve keĸfetme isteĵi olduĵu; alanlara ºzg¿ yetenekler temasē altēnda ºĵretmen 

adaylarēnēn verdikleri cevaplarēn %24 (f=6)ôn¿n sanatsal, akademik, liderlik, yaratēcē potansiyel olduĵu; 

tanē ve belirleme s¿reci temasē altēnda ºĵretmen adalarēnēn verdikleri cevaplarēn ­oĵunluĵunun %12 

(f=3)ôsinin gºzleme dayalē tanēmlama; bilgi d¿zeyi deĵerlendirmesi temasē altēnda ºĵretmen adaylarēnēn 

­oĵunluĵunun %40 (f=10)ônēn Orta d¿zeyde bilgi olduĵu saptanmaktadēr. 

Araĸtērma kapsamēnda ºĵretmen adaylarēna ó¦st¿n yetenekli ºĵrencilerin eĵitim ihtiya­larē nelerdir? 

Bu ºĵrencilere sēnēf i­inde nasēl bir ºĵretim yaklaĸēmē ve materyal kullanēmē gerektiĵini 

d¿ĸ¿n¿yorsunuz?ô sorusu yºneltilmiĸ elde edilen bulgulara Tablo 3ôde yer verilmiĸtir. 

 

Tablo 3: ¥ĵretmen Adaylarēnēn ¦st¿n Yetenekli ¥ĵrencilerin Eĵitim Ķhtiya­larēna, Sēnēf Ķ­i ¥ĵretim 

Yaklaĸēmlarēna ve Materyal Kullanēmēna Yºnelik Gºr¿ĸleri 

Tema Kod Frekans 

(f) 

Y¿zde 

(%) 

¥ĵretim Yºntemleri ve 

Yaklaĸēmlarē 

Zenginleĸtirilmiĸ i­erik ve hēzlandērma 9 

 

%36 

Bireyselleĸtirilmiĸ / farklēlaĸtērēlmēĸ ºĵretim 8 %32 

¥ĵrenci merkezli ve esnek ºĵretim 6 %24 

Proje ve araĸtērma temelli ºĵretim 5 %20 

Materyal Kullanēmē Geliĸmiĸ ve ­eĸitli materyaller 10 %40 

Ķlgi alanēna gºre materyal se­imi 5 %20 

Daha ileri d¿zey / dijital materyaller 4 %16 

Deneysel / psikomotor ara­-gere­ kullanēmē 3 %12 

Biliĸsel ve Akademik 

Gereksinimler 

Derinlemesine ve analitik d¿ĸ¿nme imk©nē 7 %28 

Hēzlē ve ¿st d¿zeyde ºĵrenme 6 %24 

¥zg¿n / yaratēcē d¿ĸ¿nmeye dayalē ºĵrenme 4 %16 

Sosyal ve Etik 

Yaklaĸēmlar 

Ayrēcalēk algēsēndan ka­ēnma 3 %12 

Sēnēf i­i denge / eĸitlik yaklaĸēmē 2 %8 

¥ĵretmenin Rol¿ ve 

Hazērlēĵē 

Zihinsel geliĸimi destekleyici yºntem bilgisi 3 %12 

Rehberlik ve yºnlendirme yetkinliĵi 2 %8 

 

Tablo 3 incelendiĵinde ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilerin eĵitim ihtiya­larēna, sēnēf i­i 
ºĵretim yaklaĸēmlarēna ve materyal kullanēmēna yºnelik gºr¿ĸleri; ñ¥ĵretim Yºntemleri ve 

Yaklaĸēmlarēò, ñMateryal Kullanēmēò, ñBiliĸsel ve Akademik Gereksinimlerò, ñSosyal ve Etik 

Yaklaĸēmlarò, ñ¥ĵretmenin Rol¿ ve Hazērlēĵēò olmak ¿zere 5 tema altēnda toplandēĵē gºr¿lmektedir. 

¥ĵretim yºntemleri ve yaklaĸēmlarē temasē altēnda ºĵretmen adaylarēnēn verdikleri cevaplarēn 
­oĵunluĵunun %36(f=9)ôsēnēn zenginleĸtirilmiĸ i­erik ve hēzlandērma olduĵu; materyal kullanēmē 

temasē altēnda ºĵretmen adaylarēnēn verdikleri cevaplarēn ­oĵunluĵunun %40 (f=10) Geliĸmiĸ ve ­eĸitli 

materyaller olduĵu; biliĸsel ve akademik gereksinimler temasē altēnda ºĵretmen adaylarēnēn verdikleri 
cevaplarēn ­oĵunluĵunun %28 (f=4)ônin derinlemesine ve analitik d¿ĸ¿nme imk©nē olduĵu; sosyal ve 
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etik yaklaĸēmlar temasē altēnda ºĵretmen adaylarēnēn verdikleri cevaplarēn ­oĵunluĵunun %12 

(f=3)ôsinin ayrēcalēk algēsēndan ka­ēnma olduĵu; ºĵretmenin rol¿ ve hazērlēĵē temasē altēnda ºĵretmen 

adaylarēnēn verdikleri cevaplar incelendiĵinde %12 (f=3)ô sinin Zihinsel geliĸimi destekleyici yºntem 

bilgisi olduĵu saptanmaktadēr. 

Araĸtērma kapsamēnda ºĵretmen adaylarēna óBu ºĵrencilere yºnelik ºĵretim s¿recinde karĸēlaĸtēĵēnēz 

veya karĸēlaĸabileceĵinizi d¿ĸ¿nd¿ĵ¿n¿z zorluklar nelerdir?ô sorusu yºneltilmiĸ elde edilen bulgulara 

Tablo 4ôde yer verilmiĸtir. 

 

Tablo 4: ¥ĵretmen Adaylarēnēn ¦st¿n Yetenekli ¥ĵrencilere Yºnelik ¥ĵretim S¿recinde Karĸēlaĸtēklarē 

veya Karĸēlaĸabileceklerini D¿ĸ¿nd¿kleri Zorluklara Ķliĸkin Gºr¿ĸleri 

Temalar Kodlar  Frekans 

(f) 

Y¿zde 

(%) 

¥ĵrenme Hēzēndan 
Kaynaklē Sorunlar 

Hēzlē ºĵrenme nedeniyle sēkēlma 9 %36 

Akranlarēyla denge kurmakta zorlanma 6 %24 

Dersi sabote etme ihtimali 4 %16 

¥ĵretmen 

Yeterlikleriyle Ķlgili 

Sorunlar 

Bilgi eksikliĵi 7 %28 

Program hazērlamada zorlanma 6 %24 

¦st¿n yetenekliyi fark etmede g¿­l¿k 
 

5 %20 

¥ĵrenci beklentisini karĸēlama kaygēsē 3 %12 

G¿ncel i­eriklere ulaĸma zorluĵu 2 %8 

Materyal ve Kaynak 
Yetersizliĵi 

Uygun materyal hazērlama zorluĵu 4 %16 

Akademik kaynak eksikliĵi 3 %12 

Sosyal Uyum 

Problemleri 

Akranlarla uyum sorunu 5 %20 

Zorbalēk / dēĸlanma riski 2 %8 

Ayrēcalēk algēsē oluĸmasē 2 %8 

Sēnēf Yºnetimi 
Zorluklarē 

S¿rekli soru sorma, y¿ksek merak 3 %12 

Yanlēĸ bilgiye yºnelme riski 2 %8 

Belirsizlik ve 

Kararsēzlēk 

Ne yapacaĵēnē bilememe 3 %12 

Kararsēzlēk ifade etme 1 %4 

 

Tablo 4 incelendiĵinde ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik ºĵretim s¿recinde 
karĸēlaĸtēklarē veya karĸēlaĸabileceklerini d¿ĸ¿nd¿kleri zorluklara iliĸkin gºr¿ĸleri; ñ¥ĵrenme Hēzēndan 

Kaynaklē Sorunlarò, ñ¥ĵretmen Yeterlikleriyle Ķlgili Sorunlarò, ñMateryal ve Kaynak Yetersizliĵiò, 

ñSosyal Uyum Problemleriò, ñSosyal Uyum Problemleriò, ñSēnēf Yºnetimi Zorluklarēò, ñBelirsizlik ve 
Kararsēzlēkò olmak ¿zere 7 tema altēnda toplanmaktadēr. ¥ĵrenme hēzēndan kaynaklē sorunlar temasē 

altēnda verilerin cevaplarēn ­oĵunluĵunun %36 (F=9) hēzlē ºĵrenme nedeniyle sēkēlma olduĵu; ºĵretmen 

yeterlikleriyle ilgili sorunlar temasē altēnda verilen cevaplarēn ­oĵunluĵunun %28(f=7)ônin bilgi 
eksikliĵi olduĵu; materyal ve kaynak yetersizliĵi temasēna verilen cevaplarēn ­oĵunluĵunun %16 (f=4) 

uygun materyal hazērlama zorluĵu olduĵu, sosyal uyum problemleri temasēna verilen cevaplarēn 

­oĵunluĵunun %20 (f=5)ôsinin akranlarla uyum sorunu olduĵu; sēnēf yºnetimi zorluklarē temasē altēnda 

verilerin cevaplarēn ­oĵunluĵunun %12 (f=3)ôsinin s¿rekli soru sorma, y¿ksek merak olduĵu; belirsizlik 
ve kararsēzlēk temasēna verilen cevaplarēn %12 (f=3)ôsinin ne yapacaĵēnē bilememe olduĵu 

saptanmaktadēr. 

Araĸtērma kapsamēnda ºĵretmen adaylarēna óKendi mesleki geliĸiminiz a­ēsēndan, ¿st¿n yetenekli 
ºĵrencilerle ­alēĸmak i­in ihtiya­ duyduĵunuz bilgi, beceri ve kaynaklar nelerdir?ô sorusu yºneltilmiĸ 

elde edilen bulgulara Tablo 5ôde yer verilmiĸtir. 
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Tablo 5: ¥ĵretmen Adaylarēnēn ¦st¿n Yetenekli ¥ĵrencilerle ¢alēĸmaya Yºnelik Mesleki Geliĸim 

Ķhtiya­larēna (Bilgi, Beceriler ve Kaynaklar) Ķliĸkin Gºr¿ĸleri 

Temalar Kodlar  Frekans 

(f) 

Y¿zde 

(%) 

Alan Bilgisi ve 

Akademik Donanēm 

Derinlemesine alan bilgisi 9 %36 

G¿ncel literat¿r¿ takip (d¿nya kaynaklarē) 4 %16 

Disiplinler arasē bilgi / STEM yaklaĸēmē 3 %12 

Ķngilizce yeterliliĵi 2 %8 

Pedagojik Yeterlik ve 

Uygulama Becerileri 

Farklēlaĸtērēlmēĸ ºĵretim planlama 7 %28 

Laboratuvar ve deneysel ºĵretim becerisi 6 %24 

Proje y¿r¿tme ve rehberlik 5 %20 

Yaratēcēlēk ve esneklik 4 %16 

¥ĵrenci Tanēma ve 

Gºzlem Becerisi 

¦st¿n yetenekli ºĵrencileri fark etme ve tanēlama 6 %24 

Ķleri d¿zey soru sorma / eleĸtirel d¿ĸ¿nmeye 

rehberlik 

3 %12 

¥ĵrenciye uygun yaklaĸēm 2 %8 

Kaynak ve Materyal 

Kullanēmē 

Akademik kaynaklara eriĸim 6 %24 

Dijital i­erikler / gºrsel materyaller 2 %8 

Eriĸilebilir kaynak ihtiyacē 2 %8 

 

Tablo 5 incelendiĵinde ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilerle ­alēĸmaya yºnelik mesleki 
geliĸim ihtiya­larēna (bilgi, beceriler ve kaynaklar) iliĸkin gºr¿ĸleri; ñAlan Bilgisi ve Akademik 

Donanēmò, ñPedagojik Yeterlik ve Uygulama Becerileriò, ñ¥ĵrenci Tanēma ve Gºzlem Becerisiò, 

ñKaynak ve Materyal Kullanēmēò olmak ¿zere 4 tema altēnda incelenmektedir. ¥ĵretmen adaylarēnēn 
alan bilgisi ve akademik donanēm temasēna verdikleri cevaplarēn ­oĵunluĵunun %36 (f=4)ôsēnēn 

derinlemesine alan bilgisi olduĵu; pedagojik yeterlik ve uygulama becerileri temasēna verilen cevaplarēn 

­oĵunluĵunun %28 (f=7)ônin farklēlaĸtērēlmēĸ ºĵretim planlama olduĵu; ºĵrenci tanēma ve gºzlem 
becerisi temasēna verilen cevaplarēn ­oĵunluĵunun %24(f=6)ôn¿n ¿st¿n yetenekli ºĵrencileri fark etme 

ve tanēlama olduĵu; kaynak ve materyal kullanēmē temasēna verilen cevaplarēn ­oĵunluĵunun %24(f=6) 

akademik kaynaklara eriĸim olduĵu saptanmēĸtēr. 

Araĸtērma kapsamēnda ºĵretmen adaylarēna ó¦st¿n yetenekli ºĵrencilerle ­alēĸmanēn ºĵretmenlik 
kariyerinize nasēl bir katkē saĵlayacaĵēnē d¿ĸ¿n¿yorsunuz? Bu ºĵrencilerin tanēlanmasēnda ºĵretmenin 

rol¿ ve sorumluluĵu sizce nedir?ô sorusu yºneltilmiĸ elde edilen bulgulara Tablo 6ôde yer verilmiĸtir. 

 

Tablo 6: ¥ĵretmen Adaylarēnēn ¦st¿n Yetenekli ¥ĵrencilerle ¢alēĸmanēn Mesleki Geliĸimlerine Katkēsē 

ile Tanēlama S¿recindeki ¥ĵretmen Rol¿ne Ķliĸkin Gºr¿ĸleri 

Temalar Kodlar  Frekans 

(f) 

Y¿zde 

(f) 

Mesleki Geliĸime 

Katkē 

Pedagojik geliĸim  7 %28 

Akademik geliĸim 6 %24 

Kendini yenileme ve motivasyon 5 %20 

Yaratēcēlēk ve bakēĸ a­ēsē geliĸtirme 4 %16 

Kariyer yºnelimi ve ilham 3 %12 

Tanēlamada 

¥ĵretmenin Rol¿ 

¥ĵrenciyi fark etme / gºzlem yeteneĵi 7 %28 

Yºnlendirme ve rehberlik 5 %20 

Psikososyal destek / rol model olma 4 %16 

¥ĵrenci merkezli yaklaĸēm 3 %12 

¥ĵretmen-¥ĵrenci 

Etkileĸimi 

Karĸēlēklē ºĵrenme ve geliĸim 4 %16 

Mesleki tatmin / duygusal katkē 3 %12 

 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 21 

Tablo 6 incelendiĵinde ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilerle ­alēĸmanēn mesleki 

geliĸimlerine katkēsē ile tanēlama s¿recindeki ºĵretmen rol¿ne iliĸkin gºr¿ĸleri; ñMesleki Geliĸime 

Katkēò, ñTanēlamada ¥ĵretmenin Rol¿ò ve ñ¥ĵretmen-¥ĵrenci Etkileĸimiò olmak ¿zere ¿­ tema altēnda 
toplandēĵē gºr¿lmektedir. ¥ĵretmen adaylarēnēn mesleki geliĸime katkē temasēna yºnelik verdikleri 

cevaplarēn ­oĵunluĵunun %28(f=7)ôsinin pedagojik geliĸim olduĵu; tanēlamada ºĵretmenin rol¿ 

temasēna verilen cevaplarēn ­oĵunluĵunun %28(f=7)ônin ºĵrenciyi fark etme/gºzlem yeteneĵi olduĵu; 
ºĵretmen-ºĵrenci etkileĸimi temasēna verilen cevaplarēn ­oĵunluĵunun %16 (f=4)ôsēnēn karĸēlēklē 

ºĵrenme ve geliĸim olduĵu saptanmaktadēr. 

TARTIķMA VE SONU¢ 

Bu araĸtērma, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere iliĸkin algēlarēnē ve bu 

ºĵrencilere yºnelik ºĵretimsel yeterliliklerine dair gºr¿ĸlerini ortaya koymayē ama­lamēĸtēr. Elde edilen 

bulgular, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere dair bir­ok olumlu ºzelliĵi 

tanēmladēklarēnē ve bu ºĵrenci grubuna iliĸkin ­eĸitli farkēndalēklar geliĸtirdiklerini gºstermektedir. 

¥ĵretmen adaylarēnēn, ¿st¿n yetenekli ºĵrencileri ñaĸērē meraklēò, ñkeĸfetmeyi sevenò, ñderslere yoĵun 

ilgi duyanò bireyler olarak tanēmlamalarē, ºzellikle fen bilimleri baĵlamēnda bu ºĵrencilerin araĸtērma 

yapma, sorgulama ve keĸfetme eĵilimlerinin g¿­l¿ olduĵuna iĸaret etmektedir. Feldhusen (1986) & 
Renzulli (2003), ¿st¿n yetenekli bireylerin y¿ksek motivasyon d¿zeylerine ve i­sel ºĵrenme arzularēna 

sahip olduklarēnē vurgulamēĸlardēr. Bu yºn¿yle, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli 

ºĵrencilerin bu i­sel motivasyonlarēnē fark etmiĸ olmalarē, onlarēn fen ºĵreniminde aktif roller 

¿stlenebilecek ºĵrencilere yºnelik potansiyel bir duyarlēlēk geliĸtirdiklerini gºstermektedir. 

Araĸtērma bulgularē, ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilerin ñproblemleri hēzlē ­ºzmeò, ñhēzlē 

d¿ĸ¿nmeò ve ñºĵrenmeye a­ēklēkò gibi ºzelliklerini de sēklēkla vurguladēklarēnē gºstermektedir. Bu 

ºzellikler, Cutts & Moseley (2004) tarafēndan da ¿st¿n yetenekliliĵin ºnemli gºstergeleri arasēnda 
sayēlmēĸtēr. Fen eĵitimi ºzelinde, bu ºĵrencilerin ºzellikle problem ­ºzme ve bilimsel muhakeme 

s¿re­lerinde ºne ­ēktēklarē bilinmektedir. Dolayēsēyla biyoloji ºĵretmen adaylarēnēn bu ºzellikleri 

gºzlemlemiĸ olmalarē, bu ºĵrenci grubunun eĵitsel gereksinimlerini daha iyi anlayabilmeleri a­ēsēndan 

ºnemlidir. 

¥ĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencileri ñyaratēcēò, ñfarklē bakēĸ a­ēlarē geliĸtirenò, ñpratik 

zek©lēò ve ñhazēr cevapò olarak tanēmlamalarē da dikkat ­ekicidir. Fen bilimleri baĵlamēnda bu t¿r 

yaratēcē d¿ĸ¿nme ve alternatif ­ºz¿m ¿retme becerileri, bilimsel s¿re­ becerilerinin ºnemli bir 
par­asēdēr. Literat¿rde de (Clark, 2002; Yēldēz, Baltacē & G¿ven, 2011) ¿st¿n yetenekli bireylerin 

yaratēcē d¿ĸ¿nme becerilerinin geliĸmiĸ olduĵu sēk­a vurgulanmaktadēr. Ayrēca bu ºĵrencilerin sēra dēĸē 

ve ºzg¿n fikirler ¿retmeleri, onlarēn hem biliĸsel hem de sosyal a­ēdan liderlik potansiyellerine sahip 

olduklarēnē gºstermektedir. 

Araĸtērma kapsamēnda biyoloji ºĵretmen adaylarē, ¿st¿n yetenekli ºĵrencilerin ñbirden fazla alanda ilgi 

ve yetenek sahibi olduklarēnēò ve ñ­ok yºnl¿ bireylerò olarak tanēmlandēklarēnē belirtmiĸlerdir. Bu ifade, 
Mºnks & Katzkoônun (2005); Gagn®ônin (2004) ­oklu alanlarda ¿st¿n yetenekliliĵe iliĸkin 

tanēmlamalarēyla ºrt¿ĸmektedir. Biyoloji gibi disiplinler arasē bilgi ve beceri gerektiren bir alanda, bu 

­ok yºnl¿l¿ĵ¿n ºĵretmenler tarafēndan fark edilmesi, bu ºĵrencilere yºnelik farklēlaĸtērēlmēĸ ve 

zenginleĸtirilmiĸ ºĵretim ortamlarē hazērlamada ºnemli bir avantaj saĵlayabilir. 

Kiĸilik ºzellikleri bakēmēndan ise, biyoloji ºĵretmen adaylarē ¿st¿n yetenekli ºĵrencilerin ñolgunò, 

ñºzg¿venliò, ñsorumluluk sahibiò, ñd¿r¿stò ve ñhedef odaklēò bireyler olduklarēnē ifade etmiĸlerdir. Bu 

t¿r sosyal-duygusal niteliklerin her ¿st¿n yetenekli bireyde eĸit d¿zeyde bulunamayabileceĵi 
unutulmamalēdēr. Ancak Akarsuônun (2004) da belirttiĵi gibi, ¿st¿n yetenekli bireyler genel olarak 

sosyal, kiĸilik ve zihinsel geliĸimlerinde akranlarēna gºre farklēlēk gºsterebilirler. Bu farklēlēklarēn 

ºĵretmenler tarafēndan doĵru ĸekilde gºzlemlenmesi ve desteklenmesi, ¿st¿n yetenekli ºĵrencilerin 

b¿t¿nc¿l geliĸimlerinin saĵlanmasē a­ēsēndan ºnemlidir. 

Araĸtērmada ºne ­ēkan bir diĵer bulgu ise biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilerin 

etik deĵerlere baĵlē, sosyal sorumluluk sahibi ve toplum yararēna hareket eden bireyler olduĵu 

yºn¿ndeki gºr¿ĸleridir. Bu deĵerlendirmeler, Clark (2002); Davaslēgil (1990)ôin ¿st¿n yetenekli 
ºĵrencilerin sosyal-duygusal ve etik ºzelliklerine iliĸkin bulgularēyla benzerlik gºstermektedir. 
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¥ĵretmen adaylarēnēn, bu ºĵrencilerin liderlik ºzellikleri, y¿ksek ºzg¿ven ve geliĸmiĸ toplumsal 

duyarlēlēk gibi ileri d¿zey sosyal becerilere sahip olduklarēnē ifade etmeleri, ºĵretmen rollerinin yalnēzca 

bilgi aktarēcē deĵil, aynē zamanda rehberlik ve mentºrl¿k boyutunu da i­ermesi gerektiĵini 

gºstermektedir. 

Elde edilen veriler, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere yºnelik ºz yeterlilik 

d¿zeylerinde geliĸime a­ēk alanlar bulunduĵunu ortaya koymuĸtur. ¥zellikle mentºrl¿k ve akademik 
rehberlik konularēnda ºĵretmen adaylarēna yºnelik yapēlandērēlmēĸ eĵitim programlarēnēn uygulanmasē 

gerekmektedir. Bu durum, ķahin & Kargēn (2013) ile Eriĸen & ark. (2015)ôin ºĵretmen eĵitimi ile 

ºĵretmenlerin farkēndalēk d¿zeyleri arasēnda anlamlē bir iliĸki olduĵunu ortaya koyan ­alēĸmalarēyla 

desteklenmektedir. 

Araĸtērma bulgularē genel olarak deĵerlendirildiĵinde, ºĵretmenlerin ¿st¿n zek©lē ºĵrencilerin 

tanēlanmasē, eĵitimi ve ºzelliklerine yºnelik olumlu tutumlara sahip olduklarē gºr¿lmektedir. Bu bulgu, 

Ekinci, S¿mer, Bozan & ¢ete (2018) tarafēndan yapēlan ­alēĸmada elde edilen sonu­larla paralellik 
gºstermektedir. ¥ĵretmenlerin ¿st¿n zek©lē ºĵrencilerin erken yaĸlarda tanēlanmasēnēn gerekliliĵine 

olan inan­larē, bu ºĵrencilerin ºzg¿n ihtiya­larēnēn belirlenmesi ve buna uygun eĵitim olanaklarēnēn 

saĵlanmasē a­ēsēndan kritik bir ºneme sahiptir (Bildiren & ¢itil 2019). 

Ayrēca ºĵretmenlerin, ¿st¿n zek©lē ºĵrencilerin ºĵrenme s¿re­lerinde kararlēlēk gºsterdikleri ve amaca 

ulaĸmada y¿ksek motivasyona sahip olduklarēna dair algēlarē, bu ºĵrencilerin eĵitiminde etkili 

stratejilerin kullanēlmasēna olanak tanēyabilir (Bakan & Onat, 2019). ¥ĵretmenlerin bu bilin­le 
ºĵrencilere zorlayēcē gºrevler sunmalarē, ¿st¿n zek©lē bireylerin potansiyellerini ger­ekleĸtirmelerini 

destekleyebilir. Araĸtērma bulgularē, ºĵretmenlerin ¿st¿n zek©lē ºĵrencileri akranlarēna gºre daha kolay 

ve hēzlē ºĵrendiklerine inandēklarēnē da ortaya koymaktadēr. Bu durum, ºĵretmenlerin ¿st¿n zek©lē 

bireyleri ileri d¿zeyde geliĸim gºsteren ve ­ok yºnl¿ bireyler olarak algēladēklarē yºn¿nde 

yorumlanabilir (Eraslan ¢apan, 2010; Akar & ķengil-Akar, 2012). 

¦st¿n zek©lē bireylerin toplumda az sayēda bulunmalarēna yºnelik algē da dikkat ­ekicidir. Bu bulgu, 

Bolat & Yanpar-Yelken (2020); Ataman (1982); MEB (2010) tarafēndan ifade edilen ¿st¿n zek©lē 
bireylerin toplumda yaklaĸēk %2 oranēnda yer aldēĵē bilgisini desteklemektedir. Bu baĵlamda 

ºĵretmenlerin, bu ºĵrencilerin niteliksel olarak ºzel eĵitim gerektiren bireyler olduĵunun farkēnda 

olmalarē, onlarē doĵru yºnlendirmeleri a­ēsēndan ºnem arz etmektedir. ¥ĵretmenlerin ¿st¿n zek©lē 

ºĵrencilerin yaratēcē bireyler olduklarē yºn¿ndeki algēlarē da literat¿rle tutarlēdēr (Sak, 2014; Bolat, 
2022). Yaratēcēlēk, ¿st¿n yetenekliliĵin temel bileĸenlerinden biri olarak deĵerlendirildiĵinden, bu 

ºzelliĵin ºĵretmenler tarafēndan fark edilmesi, uygun ºĵretim ortamlarēnēn oluĸturulmasēna katkē 

sunabilir. 

Ayrēca, ºĵretmen adaylarēnēn ¿st¿n yeteneklilerin eĵitimi konusundaki tutumlarēnēn ºĵrenim gºrd¿kleri 

bºl¿mlere gºre farklēlēk gºsterdiĵi gºr¿lmektedir. ¥zellikle PDR bºl¿m¿ ºĵrencilerinin ñ¦st¿n 

Yeteneklilerin Ķhtiya­larē ve Destekò boyutunda en olumlu tutuma sahip olmalarē (Tortop & Kunt, 
2012), eĵitimin niteliĵi ile ºĵretmen tutumu arasēndaki iliĸkiye iĸaret etmektedir. Bu durum, ºĵretmen 

adaylarēnēn lisans eĵitiminde aldēklarē eĵitimin ¿st¿n yetenekli bireylere yºnelik farkēndalēk 

kazandērmada etkili olduĵunu d¿ĸ¿nd¿rmektedir. Nitekim bu bulgu, Curtis (2005); Rao & Lim (1999) 

gibi araĸtērmalarda vurgulanan, ºĵretmen tutumlarēnēn ºĵretim s¿re­lerini ve ºĵrenci ­ēktēlarēnēn 

kalitesini doĵrudan etkilediĵi gºr¿ĸ¿yle ºrt¿ĸmektedir. 

Bununla birlikte bazē araĸtērmalarda ºĵretmen adaylarēnēn ¿st¿n yeteneklilere yºnelik bilgi d¿zeylerinin 

yeterli olmadēĵē da ifade edilmektedir (Akar & ķengil-Akar, 2012; Gºkdere & Ayvacē, 2014). ¥zellikle 
lisansēn ilk yēllarēndaki ºĵrencilerin ¿st¿n yetenekliler hakkēndaki algēlarēnda olumsuz nitelemelere yer 

verdikleri (Daĵlēoĵlu, 2017), bu alanda bilgi eksikliĵinin etkili olduĵunu gºstermektedir. Bu da lisans 

eĵitiminde bu konuya dair daha sistematik ve uygulamaya dayalē i­eriklerin eklenmesi gerektiĵini 

ortaya koymaktadēr. 

Sonu­ olarak, biyoloji ºĵretmen adaylarēnēn ¿st¿n yetenekli ºĵrencilere dair gºr¿ĸleri b¿y¿k ºl­¿de 

olumlu olmakla birlikte, bu ºĵrenci grubunun tanēlanmasē, ºzelliklerinin anlaĸēlmasē ve onlara uygun 

ºĵretim stratejilerinin belirlenmesi konusunda bazē bilgi eksiklikleri taĸēdēklarē da gºr¿lmektedir. Bu 
durum, ºĵretmen yetiĸtirme programlarēnda ¿st¿n yeteneklilere yºnelik i­eriklerin daha sistemli, 

uygulamalē ve disiplin temelli olarak sunulmasē gerektiĵini ortaya koymaktadēr. Biyoloji eĵitimi 
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ºzelinde, ¿st¿n yetenekli ºĵrencilerin bilimsel s¿re­ becerilerini geliĸtirebilecekleri, sorgulama ve 

araĸtērma temelli zenginleĸtirilmiĸ ºĵrenme ortamlarēnēn tasarlanmasē b¿y¿k ºnem taĸēmaktadēr. 

Araĸtērma bulgularē doĵrultusunda, ºĵretmen adaylarēnēn ¿st¿n yetenekli bireylerin eĵitimine daha 
hazērlēklē hale gelmeleri i­in lisans programlarēna bu alana ºzg¿ kuramsal ve uygulamalē derslerin 

entegre edilmesi ºnerilmektedir. 
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¥zet: Metoprolol, kardiyovask¿ler hastalēklarēn tedavisinde yaygēn olarak kullanēlan, selektif bir ɓ-adrenerjik 

reseptºr antagonistidir. Klinik olarak ºzellikle hipertansiyon, anjina pektoris, kalp yetmezliĵi ve aritmi tedavisinde 

tercih edilmektedir. Beta-1 reseptºrlerine olan y¿ksek ºzg¿ll¿ĵ¿ sayesinde kalp hēzēnē ve miyokardiyal oksijen 

t¿ketimini azaltarak kardiyak y¿k¿ hafifletir. Farmakokinetik olarak oral yolla alēndēĵēnda hēzla emilir; 

karaciĵerde ilk ge­iĸ metabolizmasēna uĵrar ve yaklaĸēk 3-4 saatlik bir yarē ºmre sahiptir. Son yēllarda yapēlan 

­alēĸmalar, metoprolol¿n klasik hemodinamik etkilerinin ºtesinde, nºtrofil migrasyonunu azaltarak inflamasyonu 

baskēladēĵēnē ve miyokard enfarkt¿s¿ boyutunu k¿­¿ltt¿ĵ¿n¿ gºstermektedir. Bu bulgular, metoprolol¿n 

nºrohormonal, metabolik ve imm¿nomod¿latºr etkileriyle kardiyoprotektif bir profil sunduĵunu ortaya 

koymaktadēr. Ancak, insan kardiyomiyositleri ¿zerindeki doĵrudan anti-inflamatuar etkileri halen netlik 

kazanmamēĸtēr. ¥te yandan, ­evresel a­ēdan metoprolol¿n atēk sularda kalēcēlēĵē dikkat ­ekmektedir. Biyolojik 

olarak diren­li yapēsē nedeniyle sucul ortamlarda birikmekte ve potansiyel ekotoksikolojik riskler oluĸturmaktadēr. 

Bu durum, halk saĵlēĵē ve ­evre a­ēsēndan deĵerlendirilmesi gereken ºnemli bir konudur. 

Anahtar Kelimeler: Metoprolol, Beta Blokerler, Kardiyovask¿ler Hastalēklar, Hipertansiyon,ila­ Salēnēmē,anjina 

Pektoris, Kalp Yetmezliĵi, Miyokard Enfarkt¿s¿, Farmakokinetik, Biyouyumluluk, Beta 1 Selektivite, Kardiyak 

Fonksiyonlar, Tedaviye Uyum, Uzun Etkili Form¿lasyonlar, Solunum Yolu Hastalēklarē, Kardiyovask¿ler Tedavi 

Ajanlarē. 

 

Evaluation of the Pharmacological Properties, Therapeutic Indications, and Clinical Applicability of 

Metoprolol 

 

Abstract: Metoprolol is a selective ɓ-adrenergic receptor antagonist widely used in the treatment of 

cardiovascular diseases. Clinically, it is primarily preferred for the management of hypertension, angina pectoris, 

heart failure, and arrhythmias. Due to its high affinity for beta-1 receptors, it reduces heart rate and myocardial 
oxygen consumption, thereby alleviating cardiac workload. Pharmacokinetically, it is rapidly absorbed following 

oral administration, undergoes first-pass metabolism in the liver, and has a half-life of approximately 3ï4 hours. 

Recent studies have demonstrated that, beyond its classical hemodynamic effects, metoprolol suppresses 

inflammation by reducing neutrophil migration and consequently decreases myocardial infarct size. These 

findings suggest that metoprolol provides a cardioprotective profile through its neurohormonal, metabolic, and 

immunomodulatory effects. However, its direct anti-inflammatory actions on human cardiomyocytes remain 

unclear. From an environmental perspective, the persistence of metoprolol in wastewater is of concern. Its 

chemically stable structure renders it resistant to conventional microbial degradation, leading to accumulation in 

aquatic environments and posing potential ecotoxicological risks. This issue warrants serious attention in the 

context of public health and environmental safety. 

Keywords: Metoprolol, Beta-Blockers, Cardiovascular Diseases, Hypertension, Drug Release, Angina Pectoris, 
Heart Failure, Myocardial Ķnfarction, Pharmacokinetics, Biocompatibility, Beta-1 Selectivity, Cardiac Functions, 

Treatment Adherence, Long-Acting Formulations, Respiratory Diseases, Cardiovascular Therapeutic Agents. 
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GĶRĶķ  

Beta-adrenerjik reseptºr blokerleri, iskemik kalp hastalēĵē, kalp yetmezliĵi ve aritmi gibi 

kardiyovask¿ler bozukluklarēn tedavisinde sēklēkla re­ete edilen farmasºtik ajanlardēr [1]. Klinik 
kēlavuzlar, t¿m ɓ-blokerlerin benzer etki mekanizmalarēna sahip olduĵunu ºne s¿rmekle birlikte, g¿ncel 

preklinik ­alēĸmalar bu ajanlarēn sadece kalp hēzē ve kontraktilite ¿zerine deĵil, aynē zamanda 

nºrohormonal, metabolik ve imm¿nomod¿latºr sistemler ¿zerinde de etkili olabilecek daha karmaĸēk 

biyolojik mekanizmalarē i­erebileceĵini gºstermektedir [2]. 

Bu baĵlamda metoprolol, miyokard enfarkt¿s¿ sērasēnda nºtrofil migrasyonunu belirgin ĸekilde 

azaltarak enfarkt boyutunu k¿­¿ltebilmekte; ayrēca nºtrofil-trombosit etkileĸimlerini inhibe ederek 
iskemik s¿re­te inflamatuar yanētēn sēnērlandērēlmasēna katkē saĵlamaktadēr [3]. Bununla birlikte, 

hematopoietik kompartmana etkilerinin ºtesinde, metoprolol¿n insan kardiyomiyositleri ¿zerinde 

doĵrudan anti-inflamatuar bir etkisinin olup olmadēĵē halen tam olarak aydēnlatēlamamēĸtēr [4]. 

¥zellikle lenfositik miyokardit ve kalp yetmezliĵi gibi spesifik tedavi protokollerinin sēnērlē olduĵu 
durumlarda, metoprolol gibi ɓ-blokerlerin potansiyel terapºtik rolleri dikkat ­ekicidir [5]. Ancak bu 

molek¿llerin yalnēzca klinik etkileri deĵil, aynē zamanda ­evresel etkileri de ºnem arz etmektedir. Artan 

miktarda farmasºtik ɓ-blokerin, ºzellikle de metoprolol¿n, end¿striyel ve evsel atēk sular yoluyla su 
ekosistemlerine karēĸmasē, ­evresel s¿rd¿r¿lebilirlik a­ēsēndan ciddi kaygēlar doĵurmaktadēr [6]. Bu 

ila­lar, kimyasal yapēlarēnēn y¿ksek stabilitesi nedeniyle, geleneksel atēk su arētma s¿re­lerine karĸē 

diren­ gºstermekte ve bu da kalēcē ­evresel kirleticiler olarak birikmelerine neden olmaktadēr [7]. 

Nitekim metoprolol, Avrupa genelinde y¿zey ve atēk sularda en sēk tespit edilen ilk 20 ila­ arasēnda yer 

almakta, bu durum da hem ­evre hem de halk saĵlēĵē a­ēsēndan potansiyel riskleri g¿ndeme 

getirmektedir [8]. 

K¿resel olarak en yaygēn ºl¿m nedenlerinden biri olan kardiyovask¿ler hastalēklar, bulaĸēcē olmayan 
hastalēklar arasēnda ºn sērada yer almakta ve koroner arter hastalēĵē, serebrovask¿ler olaylar, periferik 

arter hastalēĵē, romatizmal kalp hastalēĵē, derin ven trombozu ve pulmoner emboli gibi klinik tablolarē 

kapsamaktadēr. Bu hastalēklarēn tedavisinde; ɓ-blokerler, anjiyotensin dºn¿ĸt¿r¿c¿ enzim (ACE) 
inhibitºrleri, anjiyotensin reseptºr blokerleri (ARBôler) ve mineralokortikoid reseptºr antagonistleri gibi 

ila­ sēnēflarē geniĸ bir ĸekilde kullanēlmaktadēr [9]. 

TARTIķMA  

Hem hayvanlarda hem de insanlarda yapēlan ­alēĸmalar metoprolol¿n betamimetik aktiviteden yoksun 
bir ɓ-se­ici adrenerjik reseptºr antagonisti olduĵunu gºstermiĸtir . Ķzoprenalinin kardiyak uyarēcē etkisi, 

izoprenalinin vazodilatºr ve bronkodilatatºr etkilerini yalnēzca hafif­e etkileyen dozlarda metoprolol 

tarafēndan belirgin ĸekilde inhibe edilir.[10] 

Metoprolol, eksojen veya nºronal olarak salēnan noradrenaline karĸē kardiyak yanētē belirgin ĸekilde 

inhibe eder. Bu etki muhtemelen bileĸiĵin akut genel hemodinamik etkilerinin ana belirleyicisidir. 

Metoprolol, adrenalinin periferik vazodilatºr etkisinin ­ok zayēf bir inhibitºr¿ olmasē nedeniyle 
propranololden farklēdēr. Bu nedenle iki bloker, endojen adrenalinin kardiyovask¿ler kontrole katkēda 

bulunduĵu durumlarda farklē hemodinamik etkiler yaratabilir.[11] 

Metoprolol, genetik olarak hipertansiyonu olan sē­anlarda ºnleyici antihipertansif etkiye sahiptir. Bu 

etki, mekanizmasē tartēĸēlan bozulmuĸ vazokonstriktºr lif kontrol¿ ile iliĸkilidir.Toksikolojik ve genel 
farmakolojik ­alēĸmalarēn sonu­larē, metoprolol¿n olduk­a spesifik bir ɓ-bloker olduĵunu 

gºstermektedir.[12] 

Farmakokinetik ­alēĸmalar metoprolol¿n oral uygulamadan sonra tamamen emildiĵini gºstermektedir. 
Ķnsanda ilk ge­iĸ eliminasyonu yaklaĸēk %55'tir ve terapºtik doz aralēĵēnda dozdan baĵēmsēzdēr. 

Metoprolol insan kan plazmasēndan 3-4 saatlik yarēlanma ºmr¿yle elimine edilir. [13] 

Metoprolol, intrinsik sempatomimetik aktivitesi olmayan, lipofilik ɓ1 se­ici bir antagonisttir. Kronik 
kalp yetmezliĵi olan hastalarda metoprolol, kalp fonksiyonunu, sol ventrik¿ler yeniden yapēlanmayē ve 

fiziksel egzersiz kapasitesini iyileĸtirir ve kalp yetmezliĵi semptomlarēnē azaltēr.[14] 
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Metoprolol, geliĸen miyokard enfarkt¿s¿n¿n seyri sērasēnda ve akut iskemik atak ge­iren hastalarda ­ok 

sayēda hastada deĵerlendirilmiĸtir. ɓ-blokerlerle erken m¿dahale, yaklaĸan miyokard enfarkt¿s¿ ĸ¿phesi 

olan hastalarēn tedavisinde tartēĸmalē bir terapºtik yaklaĸēmdēr. [15] 

DEZAVANTAJ -AVANTAJ  

Bir antagonist olan metoprolol, doza ve zamana baĵlē olarak termal gecikmeyi ve mekanik eĸikleri 

ºnemli ºl­¿de azalttē. 

Ancak bir agonist olan dobutamin, doza ve zamana baĵlē gecikmeyi ve eĸikleri arttērdē.[16] 

Yaĸlanmayla beraber mezenterik sistem kan akēmē, gastrointestinal motilite ve gastrik asiditenin 

azalmasē sonucu emilimde azalma olabilir. Bu deĵiĸikliklere ek olarak beklenen ila­ yanētlarēnda 
farklēlēklar gºr¿lebilir. ¥rnek olarak beta reseptºr duyarlēlēĵē azaldēĵē i­in beta bloker tedavisine verilen 

yanētta azalma izlenebilir. Aynē zamanda baroreseptºr reflekslerde azalma olduĵu i­in hipotansiyona 

eĵilim fazladēr. V¿cutta olan bu deĵiĸiklerle beraber yaĸlē pop¿lasyonda kullanēlan ila­ sayēsēnēn fazla 

olmasē, gºrme fonksiyonlarēnda bozulma, unutkanlēk gibi mental deĵiĸikler nedeniyle ila­ yan etkilerine 

maruz kalma ve ila­lar arasēnda etkileĸim riskinin y¿ksek olduĵu bilinmektedir.[17] 

Ķdiyopatik dilate kardiyomiyopatili hastalarda metoprolol tedavisi klinik kºt¿leĸmeyi ºnledi, 

semptomlarda ve kalp fonksiyonunda iyileĸme saĵladē ve iyi tolere edildi.[18] 

Koroner kalp hastalēĵē ve fel­ten kaynaklanan ºl¿mlerin daha az olmasē nedeniyle toplam mortalite, 

metoprolol i­in tiazid di¿retiklere gºre ºnemli ºl­¿de daha d¿ĸ¿kt¿. Toplam mortalite de metoprolol 

tedavisine randomize edilen sigara i­enlerde anlamlē derecede d¿ĸ¿kt¿. Metoprolol ile tedavi edilen 

hastalarda gºsterilen faydanēn klinik uygulama a­ēsēndan ºnemli sonu­larē olduĵu gºr¿lmektedir.[19] 

Erken m¿dahale denemelerinde, uzun s¿reli tedaviyi i­eren orta derecede b¿y¿k bir denemede toplam 

ºl¿m oranēnda bir azalma elde edildi, ancak halihazērda beta-blokerler veya belirli kalsiyum 

antagonistleri ile tedavi edilen hastalarē hari­ tutan ve tedavinin yalnēzca kēsa s¿reli olduĵu diĵer bir 
­alēĸmada ºl¿m oranē ºnemli ºl­¿de azaldē. Metoprolol ile elde edilen genel sonu­lar, t¿m hastalarda 

erken m¿dahale tedavisinin kēsa vadeli mortalitede klinik a­ēdan ºnemli bir iyileĸme saĵladēĵēnē 

gºstermemiĸtir. [20] 

METOPROLOL MEKANĶZMASI  

Metoprolol, kalp h¿crelerinin y¿zeyinde, ºzellikle sinoatrial d¿ĵ¿m,  

atrioventrik¿ler d¿ĵ¿mde ve ventrik¿ler miyokardda bulunan ɓ-1 adrenerjik reseptºrlere baĵlanēr.[21] 

Metoprolol, aynē reseptºrler i­in rekabet ederek katekolamin reseptºr aktivasyonunu bloke eder; bu, 
siklik adenozin monofosfat ve protein kinaz A'nēn (PKA) aracēlēk ettiĵi h¿cre i­i sinyal yollarēnē 

azaltēr.[22] 

Metoprolol, kalp hēzēnē belirleyen spontan depolarizasyon fazē olan nodal aksiyon potansiyelinde faz 
4'¿n eĵimini azaltēr. Metoprolol, bu aĸamada sodyum akēĸēnē azaltarak, kalp pili h¿crelerinin ateĸlenme 

hēzēnē yavaĸlatēr ve kalp atēĸ hēzēnē d¿ĸ¿r¿r.[23] 

Metoprolol, potasyum akēĸēnēn dinlenme membran potansiyelini geri kazandērdēĵē faz olan nodal 
aksiyon potansiyelinde faz 3'¿n depolarizasyonunu uzatēr. Metoprolol bu fazē geciktirerek kalp 

h¿crelerinin refrakter periyodunu arttērēr, uyarēlabilirliĵini ve iletim hēzēnē azaltēr.[24] 

Metoprolol L tipi kalsiyum kanallarēndan kalsiyum akēĸēnē engelleyerek ventrik¿ler miyokardēn 

kontraktilitesini de azaltēr. Metoprolol, sarkomerlerin kalsiyum kullanēlabilirliĵini azaltarak kasēlma 

kuvvetini azaltēr ve kalp debisini d¿ĸ¿r¿r. [25] 

Metoprolol bu mekanizmalar sayesinde kalbin iĸ y¿k¿n¿ ve oksijen ihtiyacēnē azaltēr ve kan basēncēnē 

d¿ĸ¿r¿r; bu, hipertansiyon, anjina, kalp yetmezliĵi ve aritmiler gibi ­eĸitli kardiyovask¿ler durumlarēn 
semptomlarēnē hafifletir. Metoprolol, membran stabilize edici veya i­sel sempatomimetik aktivite 

gºstermez. Metoprolol¿n normal kiĸilere uygulanmasē kalp atēĸ hēzēnē ve kalp debisini azaltēr; bu ilacēn 

dozu ve konsantrasyonu ile alakalēdēr. [26] 
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Farmakodinamik ¢alēĸmalar: 

Metoprolol, intrinsik sempatomimetik aktiviteye sahip olmayan yerleĸik bir ɓ1-se­ici adrenoseptºr 

antagonistidir . Bu nedenle, propranolol ile karĸēlaĸtērēldēĵēnda izoprenalin aracēlē taĸikardi ¿zerinde 
zayēf bir ºnleyici etkiye sahiptir ve egzersiz sērasēnda kalp atēĸ hēzēnē, intrinsik sempatomimetik 

aktiviteye sahip ɓ-blokerlere gºre daha fazla azaltēr. Hipertansif kiĸilerde metoprolol sistolik kan 

basēncēnē hēzla d¿ĸ¿r¿r, ancak diyastolik basēncēn maksimum d¿zeyde azaltēlmasē birka­ haftalēk tedavi 

gerektirir. [27] 

Antihipertansif etkinin b¿y¿kl¿ĵ¿n¿ ºngºren faktºrler ve uzun vadeli hemodinamik deĵiĸikliklerin 

doĵasē tartēĸma konusudur. Kalp iĸinin azalmasē yoluyla miyokardēn oksijen ihtiyacēnēn azalmasē 

iskemik kalp hastalēĵēnda ºnemli bir etkidir. [28] 

Hastalara intravenºz uygulama, dinlenme ve egzersiz sērasēnda kan basēncēnda, kalp hēzēnda ve kalp 

debisinde doza baĵlē azalmalara neden olur. ¥n duvar hipokinezisi olan hastalarda metoprolol (ancak 

pindolol deĵil) ejeksiyon fraksiyonunu azalttē. Her iki ila­ da hipokinetik segment kēsalmasēnē arttērdē, 
ancak yalnēzca metoprolol karĸē taraftaki hipokinetik olmayan segmentlerin kēsalmasēnē azalttē. 

Miyokard enfarkt¿s¿nde metoprolol¿n etki mekanizmasē yalnēzca kēsmen anlaĸēlmēĸtēr. Paroksismal 

taĸikardisi olan hastalarda bolus metoprolol enjeksiyonu sin¿s d¿ĵ¿m¿ iyileĸme s¿resini ve dºng¿ 

uzunluĵunu, saĵ atriyumdan His demetine iletim s¿resini ve AV d¿ĵ¿m refrakterliĵini arttērdē.[29] 

Metoprolol'¿n plazma katekolamin konsantrasyonlarē ¿zerindeki etkileri tutarsēzdēr ve bu nedenle ºnemi 

belirsizdir. Buna karĸēlēk metoprolol, saĵlēklē veya hipertansif kiĸilerde plazma renin aktivitesini 
propranolole benzer ºl­¿de azaltēr. Kan ĸekeri homeostazisinin metoprololden b¿y¿k ºl­¿de 

etkilenmediĵi gºr¿lmektedir. Saĵlēklē deneklerde tek doz metoprololden sonra ins¿linin neden olduĵu 

hipogliseminin ge­ iyileĸme evresinde gecikme gºzlenmiĸtir ancak s¿rekli metoprolol inf¿zyonunun 

herhangi bir etkisi olmamēĸtēr. Ķns¿line baĵēmlē diyabetiklerde iyileĸme de gecikti ancak ins¿lin sonrasē 

hipogliseminin boyutu etkilenmedi.[30] 

Metoprolol normal kiĸilerde renal veya hepatik kan akēĸēnē etkilemiyor gibi gºr¿nmektedir. Portal 

hipertansiyon azalēr, ancak bu azalma, hepatik kan akēĸēnē azaltan propranololden sonra olduĵundan 
daha az olur. Metoprolol¿n trombosit agregasyonunun yanē sēra eritrosit viskozitesini ve endotel 

dokusuna yapēĸmasēnē da engellediĵine dair kanētlar birikmektedir. Subjektif efor ve kapasite a­ēsēndan 

fiziksel performans ¿zerindeki zararlē etkiler, metoprololden sonra propranolole gºre daha az oranda 

ortaya ­ēkar.[31] 

Farmakokinetik ¢alēĸmalar: Oral olarak uygulanan metoprolol neredeyse tamamen emilir, ancak ilk 

ge­iĸ metabolizmasē sistemik yararlanēmēnē yaklaĸēk %50 azaltēr. Metoprolol¿n yavaĸ salimli 

form¿lasyonlarē, g¿nde bir kez uygulama sērasēnda 24 saat boyunca etkili plazma konsantrasyonlarēnē 
korur. Ancak bu preparatēn herhangi bir klinik avantajēnē deĵerlendirmek i­in hastalarda yapēlacak 

­alēĸmalara ihtiya­ vardēr. Lipofiliklik ve plazma proteinlerine d¿ĸ¿k derecede baĵlanma, geniĸ daĵēlēm 

ve merkezi sinir sistemine n¿fuz etmeyi kolaylaĸtērēr.[32] 

Yaĸēn metoprolol farmakokinetiĵi ¿zerinde ­ok az etkisi var gibi gºr¿nmektedir, ancak hamilelik 

sērasēnda oral uygulamadan sonra klerens artabilir. Atenolol gibi metoprolol da anne s¿t¿ne serbest­e 

ge­er ancak tahmini t¿ketimin bebeĵi etkilemesi pek olasē deĵildir.[33] 

Deĵiĸmemiĸ metoprolol, bºbrek yetmezliĵi sērasēnda ºnemli ºl­¿de birikmez ve aktif metabolitlerin 
plazma konsantrasyonlarēndaki herhangi bir artēĸēn farmakolojik aktiviteye katkēda bulunmasē olasē 

deĵildir. Buna karĸēlēk, siroz sērasēnda sistemik kullanēlabilirlik artar ve buna karĸēlēk gelen yarēlanma 

ºmr¿nde artēĸ ve toplam v¿cut klerensinde azalma eĵilimi gºr¿l¿r.[34] 

Metoprolol¿n farmakolojik ve terapºtik etkileri genellikle doza baĵlēdēr. Bununla birlikte, plazma 

konsantrasyonlarēnē ɓ-blokºr etkilerle (ºrn. egzersiz kalp atēĸ hēzēnēn azaltēlmasē) iliĸkilendirmek 

m¿mk¿n olsa da, plazma metoprolol konsantrasyonlarē ile terapºtik etkiler arasēndaki iliĸkileri gºsterme 

giriĸimleri genellikle baĸarēsēz olmuĸtur.[35] 

Terapºtik ¢alēĸmalar: Bir­ok kēsa ve birka­ uzun vadeli ­alēĸma, hafif ila orta dereceli hipertansiyonda 

metoprolol¿n terapºtik etkinliĵini ve iyi tolere edilebilirliĵini doĵrulamēĸtēr. Tatmin edici kan basēncē 
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kontrol¿ genellikle 100 ila 200 mg'lēk tek veya bºl¿nm¿ĸ g¿nl¿k dozajlarla saĵlanēr. Geleneksel ve 

yavaĸ salimli form¿lasyonlar birbirleriyle ve atenolol ile olumlu ĸekilde karĸēlaĸtērēlabilir.[36] 

¢ok sayēda hastada metoprolol ve gerekirse ek di¿retik tedavisi ile kan basēncē kontrol¿ 1 yēla kadar iyi 
bir ĸekilde saĵlandē. Yaĸlē ve hamile hipertansiflerin tedavisinde metoprolol¿n rol¿n¿ belirlemek i­in 

daha ileri ­alēĸmalara ihtiya­ vardēr. Astēm veya diyabet hastalarēnda hipertansiyonun tedavisinde 

metoprolol, se­ici olmayan bir ɓ-blokere tercih edilir. Ancak ĸunu unutmamak gerekir ki, hipertansiyon 
ve astēm hastalarēna metoprolol uygulandēĵēnda bronkospazm riski azalsa da bu risk ortadan 

kalkmamaktadēr.[37] 

Stabil egzersiz anjinasē olan hastalarda yapēlan klinik ­alēĸmalar, anjinal frekansta ve gliseril trinitrat 
t¿ketiminde azalmalar ve iĸ performansē ve egzersiz sērasēnda anjinal aĵrēnēn baĸlangēcēna kadar ge­en 

s¿re gibi objektif parametrelerde iyileĸmeler ile deĵerlendirilen metoprolol¿n kēsa vadeli etkinliĵini 

doĵrulamēĸtēr.[38] 

Metoprolol, geliĸen miyokard enfarkt¿s¿n¿n seyri sērasēnda ve akut iskemik atak ge­iren hastalarda ­ok 
sayēda hastada deĵerlendirilmiĸtir. ɓ-blokerlerle erken m¿dahale, yaklaĸan miyokard enfarkt¿s¿ ĸ¿phesi 

olan hastalarēn tedavisinde tartēĸmalē bir terapºtik yaklaĸēmdēr. Metoprolol ile yapēlan ­alēĸmalar, bu 

kardiyoselektif ɓ-bloker ile akut intravenºz uygulamanēn, ilk tedavi edildiĵinde tanēmlanmasē zor 
olabilecek bazē 'y¿ksek riskli' hasta gruplarē dēĸēnda, kēsa vadeli mortalitede klinik a­ēdan ºnemli bir 

iyileĸme saĵladēĵēnē kesin olarak gºstermemiĸtir. Bununla birlikte, metoprolol iyi tolere edilmiĸtir ve 

gºĵ¿s aĵrēsēnēn ve analjezik tedavisi ihtiyacēnēn azaltēlmasē, bazē taĸiaritmilerin gºr¿lme sēklēĵēnēn 
azalmasē ve enfarkt¿s tehdidinin akut bir olaya dºn¿ĸt¿ĵ¿ hasta sayēsēnda azalma a­ēsēndan kesin 

terapºtik fayda saĵlamaktadēr.[39] 

Eĵer bir ɓ1 se­ici adrenoseptºr antagonisti ile acil m¿dahaleye yanēt vermesi muhtemel olan hastalarē 

belirlemenin bazē yollarē bulunabilirse, o zaman metoprolol akēlcē bir se­im olacaktēr ve ulaĸēlmasē zor 
bir hastalēĵēn terapºtik yºnetiminde ºnemli bir rol oynayabilir. hasta grubunu tedavi edin. Enfarkt¿s 

sonrasē hastalarda oral olarak uygulanan metoprolol toplam mortaliteyi azalttē.[40] 

Metoprolol, ani kalp ºl¿m¿ sēklēĵēnē, anjina pektorisli veya koroner arter baypas ameliyatē gerektiren 
hasta sayēsēnē, kronik ventrik¿ler aritmilerin gºr¿lme sēklēĵēnē ve karmaĸēklēĵēnē, hastanede ge­irilen 

s¿reyi ve ºl¿mc¿l olmayan geliĸen hasta sayēsēnē ºnemli ºl­¿de azalttē. [41] 

Metoprolol¿n kardiyak aritmiler (tedavi ve ºnleme), idiyopatik dilate kardiyomiyopati, hipotansif 

kardiyomegali, iliĸkili taĸikardi ile kalp yetmezliĵi ve ameliyat sērasēnda kontroll¿ hipotansiyonu 
ind¿klemek i­in sodyum nitroprussid'e ek olarak kullanēlmasē gibi diĵer terapºtik alanlardaki klinik 

deĵerlendirmeleri ºn nitelikte olmuĸtur.[42] 

KONTRENDĶKASYON: Kardiyovask¿ler terapºtiklerde yaygēn olarak kullanēlan ºnemli bir ɓ-
adrenerjik antagonist olan metoprolol, y¿ksek risk potansiyeli sunar. ķiddetli bradikardi, Hasta sin¿s 

sendromu, Ķkinci veya ¿­¿nc¿ derece kalp bloĵu , Dekompanse kalp yetmezliĵi Ayrēca, ilacēn aniden 

kesilmesi anjina ve miyokard enfarkt¿s¿ dahil olmak ¿zere yoksunluk sendromlarēna yol 

a­abileceĵinden, uyumsuzluk ºyk¿s¿ olan hastalarda dikkatli olunmalēdēr. [43] 

TOKSĶSĶTE: Metoprolol doz aĸēmē kalbi, kan basēncēnē, solunumu ve sinir sistemini etkileyebilir ve 

yaĸamē tehdit eden komplikasyonlara neden olabilir. Metoprolol doz aĸēmēnēn belirti ve semptomlarē, 

alēnan miktara, ge­en s¿reye ve diĵer ila­larēn varlēĵēna veya tēbbi durumlara baĵlē olarak 

deĵiĸebilir.[44] 

Tedavi, alēnan metoprolol miktarēna, eĸlik eden hastalēklara, yaĸa ve alēnan diĵer maddelere baĵlē olarak 

deĵiĸecektir.Tedavi se­enekleri arasēnda hacim res¿sitasyonu, aktif kºm¿r, t¿m baĵērsak irrigasyonu, 
nazogastrik lavaj, atropin, glukagon, kalsiyum glukonat/kalsiyum klor¿r, y¿ksek doz ins¿lin, 

vazopresºrler, intralipid, transk¿tanºz veya transvenºz kalp pili yer alēr. Kardiyak durum ve mevcut sēvē 

dengesi hacim res¿sitasyonunu yºnlendirecektir. [45] 

Hastanēn bilin­ deĵiĸikliĵi varsa aspirasyon ihtimaline karĸē dikkatli olunmalēdēr. Uzatēlmēĸ salēnēmlē 

preparatlar veya b¿y¿k miktarda alēm i­in t¿m baĵērsaĵēn sulanmasē dikkate alēnmalēdēr. Nazogastrik 

lavaj, b¿y¿k miktardaki yutmalar dēĸēnda genellikle etkisizdir.[46] 
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Ķntralipid IV lipit em¿lsiyon tedavisi, ilacē miyositten ­ēkaran bir lipit havuzu gºrevi gºrebilir. Aynē 

zamanda bir substrat olarak serbest yaĵ asitlerini de saĵlayabilir. Bu ila­ bazē laboratuvar izlemelerini 

etkileyebilir.[47] 

Transk¿tanºz veya transvenºz kalp pili kullanmayē d¿ĸ¿n¿n. Diren­li vakalarda ekstrakorporeal 

membran oksijenasyonu d¿ĸ¿n¿lmelidir.[48] 

Geriatrik:  Metoprolol¿n farmakokinetiĵi ve farmakodinamiĵi, kalp debisinin azalmasē, hepatik kan 
akēĸēnēn azalmasē, bºbrek fonksiyonunun azalmasē, v¿cut yaĵēnēn artmasē ve plazma proteinlerine 

baĵlanmasēnēn azalmasē gibi fizyolojik faktºrlere baĵlē olarak yaĸla birlikte deĵiĸebilir. [49] 

Yaĸlē yetiĸkinlerde, gen­ yetiĸkinlerle karĸēlaĸtērēldēĵēnda duyarlēlēk artmēĸ ve metoprolol klerensi 
azalmēĸ olabilir. Bu nedenle metoprolol yaĸlē hastalarda dikkatli ve daha d¿ĸ¿k dozlarda kullanēlmalēdēr; 

Bu hastalar metoprolol kullanēyorsa kan basēncē, kalp hēzē, kalp fonksiyonu, biliĸsel fonksiyon ve yan 

etkiler a­ēsēndan yakēndan izlenmelidir. [50] 

Klinik Kullanēm Alanlarē: 

Metoprolol, selektif bir ɓ-adrenerjik reseptºr antagonisti olarak kardiyovask¿ler sistem ¿zerinde geniĸ 

bir etki yelpazesine sahiptir ve ­eĸitli klinik durumlarda yaygēn olarak kullanēlmaktadēr. En sēk tercih 

edildiĵi baĸlēca endikasyonlar ĸunlardēr: 

Hipertansiyon: Metoprolol, kan basēncēnē d¿ĸ¿rerek kardiyovask¿ler olay riskini azaltēr. Tek baĸēna ya 

da diĵer antihipertansiflerle kombinasyon halinde kullanēlabilir.[51] 

Anjina Pektoris:  Kardiyak iĸ y¿k¿n¿ ve miyokard oksijen t¿ketimini azaltarak anjinal semptomlarē 

hafifletir. 

Kalp Yetmezliĵi: ¥zellikle metoprolol s¿ksinat formu, sistolik kalp yetmezliĵi (HFrEF) olan hastalarda 

mortalite ve morbiditeyi azaltmak amacēyla kullanēlēr. Kullanēm ºncesinde stabilite ve uygun doz 

titrasyonu ºnemlidir. 

Miyokard Enfarkt¿s¿ (MI) Sonrasē Koruma: Akut MI sonrasē, rek¿rren iskemi, ventrik¿ler aritmi 

ve ºl¿m riskini azaltmak amacēyla ºnerilir.[52] 

Aritmiler:  Supraventrik¿ler taĸikardiler (SVT), atriyal fibrilasyon ve ventrik¿ler ekstrasistoller gibi 

ritim bozukluklarēnda semptomlarē azaltmak ve ritmi kontrol altēna almak i­in kullanēlēr.[53] 

Migren Profilaksisi:  Metoprolol, migren ataklarēnēn sēklēĵēnē ve ĸiddetini azaltmak amacēyla profilaktik 

olarak tercih edilen beta blokerlerden biridir. 

Anksiyete ve Esansiyel Tremor (Off-label): Performansa baĵlē anksiyete (ºrneĵin sēnav stresi, sahne 
korkusu) gibi durumlarda, ­arpēntē ve titreme semptomlarēnēn baskēlanmasēnda etkili olabilir. Esansiyel 

tremorda da fayda saĵlayabilir.[54] 

SONU¢: 

Bu derlemede, metoprolol¿n selektif ɓ-adrenerjik reseptºr blokajē yoluyla kardiyovask¿ler sistemde 

hem hemodinamik hem de nºrohormonal d¿zeyde yararlē etkiler gºsterdiĵi detaylē bi­imde tartēĸēlmēĸtēr. 

Hipertansiyon, anjina pektoris, sistolik kalp yetmezliĵi ve miyokard enfarkt¿s¿ sonrasē koruma gibi 
baĸlēca endikasyonlarda metoprolol¿n klinik etkinliĵi, ­ok sayēda randomize kontroll¿ ­alēĸma ve meta-

analizler ēĸēĵēnda net olarak ortaya konmuĸtur. Ayrēca, atriyal ve ventrik¿ler aritmi kontrol¿nde, migren 

profilaksisinde ve performans anksiyetesi ile esansiyel tremor gibi off-label kullanēmlarda elde edilen 

bulgular, ilacēn terapºtik yelpazesinin geniĸliĵini gºstermektedir. 
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¥zet: Elektrik daĵētēm sektºr¿, uzun yēllar boyunca kamuya ait bir yapē i­erisinde faaliyet gºsterse de son birka­ 

on yēlda, serbest piyasa ekonomisine ge­iĸ s¿reci doĵrultusunda kºkl¿ bir dºn¿ĸ¿m yaĸamēĸtēr. Bu dºn¿ĸ¿m 

s¿reci, sektºrel iĸleyiĸte ve d¿zenleyici ­er­evede de ºnemli deĵiĸiklikleri beraberinde getirmiĸtir. ¥zelleĸtirme 

uygulamalarē bu s¿recin merkezinde yer almēĸ; kamuya ait elektrik daĵētēm ĸirketleri ºzel sektºre devredilerek, 

rekabet ortamēnēn oluĸturulmasē ve verimliliĵin artērēlmasē hedeflenmiĸtir. Bu deĵiĸimle birlikte, enerji piyasasēnē 

d¿zenlemek ve t¿ketici haklarēnē korumak amacēyla ­eĸitli yasal d¿zenlemeler hayata ge­irilmiĸtir. Tarifelendirme 

sistemleri yeniden yapēlandērēlarak, maliyet bazlē fiyatlandērma esas alēnmēĸ ve hizmet kalitesinin artērēlmasē i­in 

performans kriterleri tanēmlanmēĸtēr. Elektrik kesintilerinin sēklēĵē ve s¿resi, m¿ĸteri memnuniyeti, kayēp-ka­ak 

oranlarē gibi performans gºstergeleri hem d¿zenleyici otoriteler hem de kamuoyu tarafēndan yakēndan izlenir hale 
gelmiĸtir. Bu ­alēĸma, sektºre dair elde edilen veriler ēĸēĵēnda, kamu kontrol¿nden piyasa mekanizmalarēna 

ge­iĸin elektrik daĵētēm sektºr¿ ¿zerindeki etkilerini detaylē bir ĸekilde analiz etmektedir. Dºn¿ĸ¿m s¿recinin 

etkileri, performans ºl­¿tleriyle karĸēlaĸtērmalē olarak ele alēnmakta ve sektºrdeki yapēsal deĵiĸimlerin genel 

iĸleyiĸ ¿zerindeki yansēmalarē incelenmektedir. 

Anahtar Kelimeler: Elektrik Daĵētēm Sektºr¿, Reg¿lasyon, Performans, Epdk, M¿ĸteri Memnuniyeti 

 

Regulation and Performance: A Sector-Specific Assessment of Electricity Distribution 

 

Abstract: Although the electricity distribution sector operated under public ownership for many years, it has 

undergone a profound transformation over the past few decades in line with the transition to a free market 

economy. This transformation has brought significant changes not only in the sectorôs operational structure but 

also in its regulatory framework. Privatization has been at the core of this process; publicly owned electricity 
distribution companies were transferred to the private sector to foster competition and increase efficiency. 

Alongside these changes, various legal regulations have been implemented to regulate the energy market and 

protect consumer rights. Tariff systems were restructured based on cost-reflective pricing, and performance 

criteria were introduced to enhance service quality. Performance indicators such as the frequency and duration 

of power outages, customer satisfaction, and loss-theft rates have become closely monitored by both regulatory 

authorities and the public. This study analyzes the impact of the transition from public control to market 

mechanisms on the electricity distribution sector, based on available data. The effects of this transformation are 

examined through comparative performance indicators, and the broader implications of structural changes on the 

overall functioning of the sector are explored in detail. 

Keywords: Electricity Distribution Sector, Regulation, Performance, Epdk, Customer Satisfaction 

 

1. INTRODUCTION  

The electricity distribution sector, as the final stage of the energy value chain, plays a critical role in 
delivering reliable and high-quality power. Due to high fixed costs and infrastructure requirements, it 

functions as a natural monopoly, limiting the feasibility of perfect competition in Turkey. Consequently, 

regulatory mechanisms have been introduced to promote efficiency and service quality (Joskow, 2008). 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 36 

Historically, the sector operated as a public monopoly under the Turkish Electricity Authority (TEK) 

until 1984. Institutional unbundling began in 1994, dividing TEK into generation (TEAķ), transmission, 

and distribution (TEDAķ), though ownership remained public. A significant reform was initiated with 
the 2001 Electricity Market Law (No. 4628), establishing the Energy Market Regulatory Authority 

(EMRA) and laying the foundation for liberalization. Between 2004 and 2013, all distribution regions 

were privatized, and operations transitioned to licensed private companies. 

 

Table 7. Chronological Evolution of Regulatory Frameworks in Turkeyôs Electricity Distribution 

Sector 

Year Evolution 

1984 
TEK (Turkish Electricity Authority) was responsible for carrying out all 

electricity-related activities. 

1994 
TEK was unbundled into TEAķ and TEDAķ, thereby separating transmission, 

generation, and distribution activities. 

2001 

With the enactment of the Electricity Market Law No. 4628, the Energy Market 

Regulatory Authority (EMRA) was established, marking the beginning of the 

liberalization process. 

2004ï2013 Twenty-one distribution regions under TEDAķ were privatized. 

2013 Regulatory mechanisms were transformed into performance-based systems 

2021 
Amendments to the Electricity Market Law strengthened quality measurement 

criteria in distribution activities. 

 

Following privatization, regulation in Turkeyôs electricity distribution sector shifted from a narrow focus 

on pricing to a broader performance-based approach, including investment quality, service continuity, 

and customer satisfaction. Incentive- and penalty-based tariff mechanisms have improved efficiency and 
encouraged long-term investment (Yēldēz, 2016; ¢etin & Oguz, 2007). Declining electricity losses, 

rising investments, and better service quality indicate the positive impact of effective regulation (EPDK, 

2023). Since the early 2000s, the sector has transitioned from public to private ownership within a strong 
regulatory framework, yielding gains in efficiency, service, and consumer protection. In this natural 

monopoly context, regulatory authorities play a vital role not only in correcting market failures but also 

in supporting sustainable infrastructure. Turkeyôs experience offers valuable lessons for developing 

countries in balancing regulation with private sector participation. 

1.1. Legal and Institutional Regulatory Mechanisms 

The effective functioning of the electricity distribution sector depends not only on the transfer of 

ownership to the private sector, but also on the establishment of a comprehensive legal and institutional 
framework. In Turkey, this framework is shaped through regulatory mechanisms defined by the Energy 

Market Regulatory Authority (EMRA). These mechanisms encompass tariff setting, service quality 

standards, investment obligations, and monitoring-enforcement systems. 

1.1.1. Tariff Methodology and Revenue Cap Implementation 

The "Revenue Cap" model, applied by EMRA, is the main tool for regulating distribution companies' 

revenues in Turkey. It sets a maximum allowable income for each five-year tariff period, based on costs 

and performance. The cap considers operating expenses, depreciation, return on capital, and investment 
needs. This approach encourages efficiency and prevents excessive profits (Joskow, 2008). Since 2011, 

its effective implementation has improved financial predictability for companies (EPDK, 2023). 
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1.1.2. Service Quality Regulation in Electricity Distribution  

In electricity distribution, regulation encompasses not only pricing but also service quality as a 

fundamental component. Under the Regulation on Quality in Electricity Distribution issued by the 
Energy Market Regulatory Authority (EMRA), service continuity and quality are measured through 

various technical indicators. The most commonly used indicators in this context include: 

A. SAIDI (System Average Interruption Duration Index): It refers to the average outage duration 

experienced by a customer within a given period. 

B. SAIFI  (System Average Interruption Frequency Index): It indicates the average number of 

outages experienced by a customer within a given period. 

These indicators function as performance benchmarks, with incentives for companies below thresholds 

and penalties for those exceeding them. This encourages competition in both cost-efficiency and service 

quality (Yēldēz, 2016). 

1.1.3. Investment Obligations 

EMRAôs investment obligations for each tariff period are essential for sustaining and developing 

distribution infrastructure. Companies are required to make region-specific investments aimed at 

reducing losses, improving security, and enhancing service quality, subject to EMRAôs approval. These 

obligations promote long-term system reliability over short-term profit (¢etin & Oĵuz, 2007). 

1.1.4. Regulatory Oversight and Sanctioning Mechanisms 

An effective regulatory framework requires not only rule-setting but also active oversight and 
enforcement. In Turkey, EMRA audits distribution companies and imposes sanctionsðranging from 

fines to license revocationðfor non-compliance. Underperformance may also lead to a reduced revenue 

cap in the next tariff period, encouraging both compliance and continuous improvement (EPDK, 2023). 

2. METHOD  

This study employs a qualitative approach to assess the impact of regulation on Turkeyôs electricity 

distribution sector. Common in the analysis of complex issues like public policy and institutional 

change, this method allows for the examination of both numerical data and the content of policy 

documents, regulations, and sectoral practices (Yin, 2018). 

3. EXAMPLES OF REGULATORY CHANGES AND THEIR IMPACT ON PERFORMANCE  

3.1. Service Quality Indicators (SAIDI/SAIFI)  

Initially, service quality indicators were used only for monitoring, without sanctions or incentives. This 
changed with the 2013 Regulation on Service Quality in Electricity Distribution and Retail Sales, which 

introduced performance targets based on SAIDI and SAIFI. Companies failing to meet these targets face 

penalties, while high performers may receive incentives (EPDK, 2023). Article 7 defines continuity of 
supply as meeting demand with minimal interruptions at acceptable economic costs, while Article 8 

mandates recording all outages (Resm´ Gazete, 2006). These provisions have enabled systematic 

performance tracking; for instance, in 2023, EMRA fined 19 companies a total of 280.5 million TL for 

non-compliance. 

 

Figure 1. Performance Indicators of Turkeyôs Electricity Distribution Sector (EPDK, 2023) 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 38 

Figure 1 illustrates annual trends in SAIDI, SAIFI, and customer satisfaction in Turkeyôs electricity 

distribution sector from 2012 to 2025. SAIDI and SAIFI have steadily declined, while customer 

satisfaction has increased. Data for 2012ï2023 are from the Electricity Market Development Report; 

2024ï2025 figures are trend-based estimates. 

3.2. Regulation of Tariffs Through Electricity Loss and Theft Ratios 

Loss and theft rates (non-technical losses) in the electricity distribution sector are of critical importance 
for both technical efficiency and financial sustainability. In the pre-regulation period, a uniform loss-

theft target was applied across all distribution regions, with standard thresholds set regardless of regional 

socio-economic and technical differences. This approach led to structural inequities, particularly for 
distribution companies operating in regions with high loss-theft rates, and rendered performance 

measurement misleading. 

To address this issue, regulatory frameworks were gradually developed and can be summarized as 

follows: 

¶ In 2006, for the first time, EMRA set specific targets for electricity loss and theft rates, 
integrating these targets into the tariff-setting process. This regulation aimed to incentivize the 

reduction of losses by placing distribution companiesô performance under systematic 

monitoring. 

¶ The 2011 regulatory revision introduced region-specific loss-theft targets, setting differentiated 
thresholds for areas with historically high (e.g., Dicle, Van) and low (e.g., Trakya) loss rates. 

This enabled fairer performance evaluations by accounting for regional socio-economic 

conditions. 

¶ The 2016 regulation introduced positive incentives for companies that reduced loss-theft rates 

below targets, encouraging efficiency through both rewards and penalties. 

These regulatory measures have led to notable declines in loss-theft rates and enabled fairer assessment 

of regional performance. The differentiated incentive structure has been especially effective for 

companies in challenging regions (EPDK, 2023). 

 

Table 8. Evolution of Electricity Loss and Theft Rates (TEDAķ,2023) 

Year National Average (%) Dicle Region (%) 

2012 21 75 

2013 19,5 70 

2014 18 65 

2015 16,5 60 

2016 15 55 

2017 13,5 50 

2018 12,5 47 

2019 11,5 45 

2020 11 44 

2021 10,8 43,5 

2022 10,7 43,2 

2023 10,6 43 

2024* 10,4 42,5 

2025* 10,2 42 

 

According to reports by T¿rkiye Elektrik Daĵētēm A.ķ. (TEDAķ), an additional revenue advantage of 

approximately 1ï2% has been achieved since 2017. The data used is derived from the 2023 Annual 

Report on Turkeyôs Electricity Distribution Sector published by TEDAķ. 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 39 

3.3. Revenue Cap Tariffs and Investment Commitment Structures 

Before regulation, uncertainty in revenue cap calculations hindered long-term investment planning. This 

was addressed with the formal adoption of the Revenue Cap Methodology in 2011, which set maximum 
allowable revenues based on investment needs, operating costs, and reasonable profit. In 2016, the 

Regulatory Asset Base (RAB) model was added to provide a clearer basis for return calculations, 

enhancing transparency and investment incentives (EPDK, 2023). As a result, annual investments rose 
from TRY 1.9 billion in 2011 to TRY 6.0 billion in 2023 (TEDAķ, 2023). Investment compliance 

exceeded 95% in many regions, while project delays dropped from 18% to 3%, indicating improved 

predictability, regulatory impact, and operational capacity. 

3.4. Consumer Services Regulation in the Electricity Distribution Sector  

In electricity distribution, consumer focus includes not only supply continuity but also service quality 

in areas like subscriptions, metering, and complaint handling. Before regulation, the absence of 

standards caused significant issues, particularly in complaint resolution and service timelines. The 2014 
Regulation on Consumer Services addressed these gaps by defining distribution companiesô obligations 

and introducing mandatory quality standards (EPDK, 2014). The key provisions introduced under this 

regulation include: 

a. The resolution period for consumer complaints was limited to a maximum of 15 days; 

companies are held accountable if this period is exceeded. 

b. All distribution companies were required to establish call centers, and providing 24/7 service 

via the ALO 186 hotline was made mandatory. 

c. Applications and inquiries made through e-Devlet, mobile applications, and web-based 

platforms were supported, thereby enhancing digital accessibility. 

As a result of these regulatory measures, significant performance improvements have been achieved in 

the area of consumer services. 

a. The average complaint resolution time decreased from 21 days in 2013 to 6 days by 2023. 

b. The average response time for incoming calls to customer service centers declined from 52 

seconds to 12 seconds over the same period. 

c. These improvements were also reflected in customer satisfaction scores; the overall satisfaction 

rating increased from 65 points in 2013 to 85 points by 2023. 

These indicators show that service quality regulation goes beyond administration, serving as a 
transformative tool that improves the consumer experience. Grounded in transparency, digitalization, 

and measurable targets, it has significantly advanced consumer rights in Turkeyôs energy market. 

3.5. Remote Meter Reading (AMR) and SCADA Incentives 

Before regulation, manual meter reading caused errors, high labor costs, and delays. To resolve this, 

AMR investments began receiving return-on-investment incentives in 2016 through the revenue cap 

model, accelerating adoption (EPDK, 2023). By 2020, around 80% of SCADA and remote monitoring 
investments were also supported, enhancing capabilities in network monitoring, fault detection, and theft 

analysis. 

 

Figure 2. Technological Transformation Indicators (2015ï2023) (EPDK, 2023) 
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The automatic meter reading (AMR) penetration rate increased from approximately 10% in 2015 to 85% 

by 2023. During the same period, the invoice delay rate declined from 13% to 2%. 

Under manual systems, electricity theft detection time was around three months; however, with the 

adoption of remote monitoring technologies, it has been reduced to as little as two days. 

3.6. Regulatory Compliance Audits and Mandatory Independent Oversight 

Regulatory effectiveness in energy markets depends on both the legal framework and its 
implementation. Until 2019, EMRA-led audits faced capacity and consistency issues, limiting 

comparability across companies. To address this, independent audit firms were authorized in 2019 to 

assess compliance and assign ñRegulatory Compliance Scoresò (EPDK, 2023). This reform 
strengthened internal controls, promoted transparent governance, and standardized audit procedures, 

enabling more reliable performance comparisons and improvements in compliance and governance 

indicators. 

¶ The audit compliance rate rose from approximately 78% prior to implementation to 97% by 

2023. 

¶ The number of companies earning off-tariff revenues dropped from 7 in 2019 to just 2 by 2023. 

¶ Systems supporting corporate governance infrastructureðsuch as ERP (Enterprise Resource 
Planning) and CRM (Customer Relationship Management) softwareðhave rapidly expanded, 

resulting in the standardization of internal processes. 

These developments have not only enhanced regulatory compliance but also contributed to increased 

digitalization and institutionalization, thereby reinforcing the structural transformation of the sector. 

4. BENCHMARKING  

Assessing the impact of regulation in electricity distribution requires more than national analysis; cross-
country comparisons are essential for meaningful insights (Joskow, 2008; World Bank, 2021). Table 3 

presents key indicatorsðsuch as loss-theft rates and SAIDIðfor Turkey, Poland, Mexico, and 

Germany, highlighting how regulation affects technical efficiency and service quality. 

 

Table 9. Key Indicators Following Liberalization in Electricity Distribution 

Country  Liberalization Year  Loss-Theft Ratio (%) SAIDI (m)  

Turkey 2001 22.5 Ÿ 10.6 1050 Ÿ 220 

Poland 1997 14.1 Ÿ 8.4 410 Ÿ 190 

Mexico 2013 19.0 Ÿ 15.2 680 Ÿ 480 

Germany 1998 6.5 Ÿ 4.1 150 Ÿ 14 

 

As shown in the table, Turkey significantly reduced electricity losses from 22.5% to 10.6% after 

liberalization, outperforming countries like Poland and Mexico. SAIDI also improved markedlyðfrom 

1,050 minutes in 2001 to 220 minutes in 2023ðapproaching levels seen in other transition economies. 
However, Germany remains a benchmark with just 14 minutes of average outages, achieved through 

advanced digitalization and efficient infrastructure (IEA, 2020). While Turkey has made rapid progress 

through regulatory tools like the revenue cap model, investment incentives, and AMR/SCADA systems, 

further improvements are needed to reach the reliability levels of mature markets. 

5. COSTïBENEFIT ANALYSIS  

The liberalization of Turkeyôs electricity distribution sector has driven structural change and generated 
significant economic value. Between 2013 and 2023, policies like the revenue cap model, service quality 

standards, loss-theft targets, and digital investments led to measurable gains in financial efficiency and 

social benefit. 
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Table 10. Economic Gains from Regulatory Reforms in the Post-Liberalization Period 

Item Estimated Value (TRY) 

Total infrastructure investment (distribution network, 
AMR, SCADA, etc.) 

~35 billion TRY 

Energy savings from reduction in loss-theft rates ~11 billion TRY 

Economic value of reduced electricity outage durations ~4 billion TRY 

Increased collection rates and improved customer trust ~3 billion TRY 

Total Direct Economic Benefit ~18 billion TRY 

 

Around 50% of electricity distribution investments over the past decade in Turkey generated direct 

economic returns, while the rest yielded indirect social benefits such as improved service quality, 
reliability, and customer satisfaction. This reflects Joskowôs (2008) ñmulti-dimensional benefit space of 

regulation,ò which balances efficiency with social welfare. Loss-theft reductionsðfrom 15% in 2013 to 

10.6% in 2023ðproduced annual savings of 200ï300 million TRY (EPDK, 2023; TEDAķ, 2023). 
Reduced outage durations also added value by minimizing production losses, estimated by the IEA 

(2020) at 3ï5 USD per capita per hour. Additionally, digital tools like e-Government and CRM systems 

improved billing-collection rates and enhanced financial sustainability. 

6. EMERGING TRENDS IN GLOBAL ENERGY REGULATION  

Today, regulatory frameworks in the energy sector are no longer limited to market oversight and cost 

control; they also encompass multi-dimensional objectives such as combating climate change, 

promoting social responsibility, enabling digital transformation, and supporting local energy initiatives. 
In this context, regulations targeting the electricity distribution sector are undergoing a structural 

transformation globally and are being reshaped by emerging policy directions (IEA, 2023; World Bank, 

2022). 

6.1. Decarbonization Strategies and Integration of Renewable Energy into Distribution 

Networks 

Many countries have initiated comprehensive transformations in their energy sectors as part of their 
commitment to achieving carbon neutrality by 2050. As a component of these targets, electricity 

distribution systems are being restructured to accommodate the integration of renewable energy sources. 

Regulatory frameworks increasingly encourage distribution companies to integrate photovoltaic (solar), 

wind, and other distributed generation sources into the grid. In this context, grid codes, connection 
procedures, and feed-in tariffs are being revised, and the distribution network is evolving from a 

centralized architecture toward a more flexible and decentralized system (IRENA, 2022). 

6.2. ESG-Compliant Regulatory Models 

In recent years, energy regulations have increasingly been grounded in holistic policy approaches that 

incorporate Environmental, Social, and Governance (ESG) criteria. In this context, distribution 

companies are now expected not only to achieve economic efficiency but also to promote environmental 

sustainability, social inclusiveness, and transparent corporate governance structures. Particularly within 
European Union countries, energy regulation is being reshaped by ESG-based legislative frameworks 

such as the European Green Deal and the Sustainable Finance Taxonomy (European Commission, 

2021). In Turkey as well, EMRA has begun taking stepsðas of 2024ðtoward making ESG-oriented 

reporting standards mandatory for licensed companies (EPDK, 2024). 

6.3. AI -Driven Digitalization  

The widespread adoption of digital technologies in electricity distribution has necessitated the expansion 
of regulatory frameworks to cover new domains such as technical infrastructure and data security. In 

particular, artificial intelligence (AI) algorithms integrated into SCADA (Supervisory Control and Data 

Acquisition) systems have enabled the development of advanced applications, including fault prediction, 

load management, loss analysis, and customer demand forecasting. Regulations now promote the secure, 
transparent, and compliant use of such technologies, while also establishing new standards related to 

cybersecurity and data ownership (IEA Digitalization Report, 2022). 
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6.4. Microgrids, Local Energy Initiatives, and Participatory Regulation 

With the rise of concepts such as energy democracy and local energy production, microgrids, energy 

communities, and cooperatives have increasingly come onto the agenda of regulatory frameworks. 
Traditionally focused on large-scale corporate actors, regulatory systems are now compelled to include 

individuals, local governments, and community-based energy initiatives. In particular, legal frameworks 

such as ñCitizen Energy Communitiesò in Europe support local autonomy in energy production and 
consumption (IRENA, 2021; EU Directive 2019/944). Supporting these structures in areas such as tariff 

design, grid connection rights, and network usage fees plays a critical role in the next-generation design 

of distribution regulations. 

7. FUTURE OUTLOOK  

The structural, technological, and institutional progress in Turkeyôs electricity distribution sector over 

the past decade supports a cautiously optimistic outlook. If the current regulatory framework, along with 

digitalization, investment incentives, and quality standards, is maintained, Turkey could reach near-
European performance levels by 2030. By 2023, SAIDI dropped to 220 minutes/year and is projected 

to reach 120 minutes/yearðclose to the EU averageðthrough continued SCADA/AI deployment and 

grid modernization (CEER, 2022; IEA, 2023). Loss-theft rates fell from 22.5% in 2006 to 10.6% in 
2023 and could decline below 8% with the expansion of AMI systems and targeted incentives (World 

Bank, 2022). Annual infrastructure investment reached TRY 6 billion in 2023 and is expected to 

stabilize at TRY 8ï10 billion by 2030, supporting grid capacity, energy efficiency, and renewable 
integration (EPDK, 2023; IRENA, 2022). Institutional capacity will likely improve through 

standardized audits, ESG-aligned governance, and expanded use of CRM, ERP, and AI-based systems. 

These trends position Turkey to align with European standards in electricity distribution by 

2030.However, reaching this goal depends not only on the continuation of current policies but also on: 

¶ Enhancing the competitiveness and transparency of the investment environment, 

¶ Restructuring regulation with a focus on climate and digital transformation, 

¶ More effectively supporting local energy production and microgrid initiatives. 

Within this framework, Turkey is expected to undergo a transformation over the next decade that 

encompasses not only infrastructure development but also advances in energy governance and societal 

participation. 

8. CONCLUSION AND ASSESSMENT 

This study has examined the structural transformation of Turkeyôs electricity distribution sector 

following liberalization and regulatory reforms since the early 2000s. Findings show that post-2011 

regulatory toolsðsuch as the revenue cap model, service quality standards, investment incentives, and 
independent auditsðhave significantly improved sector performance. Regulation has gone beyond 

price-setting, positively impacting service quality, investment sustainability, digital infrastructure, and 

customer satisfaction. Notable outcomes include the reduction of SAIDI and SAIFI, expanded 
AMI/SCADA use, and a drop in electricity losses from 22.5% to 10.6%. Customer satisfaction reached 

85 points, and over 50% of the TRY 35 billion invested between 2013ï2023 yielded direct economic 

returns. High compliance rates (over 95%) and reduced project delays (3%) reflect the success of the 

revenue cap and RAB models. The introduction of regulatory compliance scores and standardized audits 
has strengthened governance and accountability. Compared to countries like Poland and Mexico, Turkey 

has demonstrated strong regulatory progress. While still trailing mature markets like Germany, 

projections suggest SAIDI may reach 120 minutes/year and loss rates fall below 8% by 2030, with 
annual investments stabilizing at TRY 8ï10 billion. However, realizing these projections will depend 

on three key strategic factors: 

1. Ensuring a competitive, transparent, and predictable investment environment, 

2. Aligning regulatory frameworks with digitalization, climate goals, and ESG principles, 

3. Supporting local energy initiatives, microgrids, and community-based models more 

effectively. 
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Turkeyôs electricity distribution sector has undergone a successful transition from public monopoly to 

private participation under a strong regulatory framework, achieving notable technical and institutional 

progress. This experience offers a valuable model for other developing countries. Looking ahead, 
regulation should integrate goals of efficiency, sustainability, digitalization, and social inclusion. 

Establishing a resilient and EU-comparable distribution system by 2030 is a realistic strategic objective. 

9. ACKNOWLEDGEMEN T 

The authors would like to express their sincere gratitude to Yeĸilērmak Electricity Distribution Inc. 

(Yeĸilērmak Elektrik Daĵētēm A.ķ.) for its valuable contributions to the realization of this study. 

10. REFERENCES 

¢etin, T., & Oguz, F. (2007). The Politics of Regulation in the Turkish Electricity Market. Energy 

Policy, 35(3), 1539ï1549. https://doi.org/10.1016/j.enpol.2006.04.007 

EPDK. (2023). Elektrik Piyasasē Geliĸim Raporu. Ankara: Enerji Piyasasē D¿zenleme Kurumu. 

Joskow, P. L. (2008). Incentive Regulation and Its Application to Electricity Networks. Review of 

Network Economics, 7(4), 547ï560. https://doi.org/10.2202/1446-9022.1178 

Yēldēz, ¥. (2016). Elektrik Daĵētēm Sektºr¿nde Performans Gºstergeleri ve Reg¿lasyon. Enerji 

Ekonomisi ve Politikasē Dergisi, 2(1), 45ï60. 

Yin, R. K. (2018). Vaka ¢alēĸmasē Araĸtērmasē ve Uygulamalarē: Tasarēm ve Yºntemler (6. Baskē). 

SAGE Yayēnlarē. 

Resm´ Gazete (2006, Sayē: 26287) Elektrik Piyasasēnda Daĵētēm Sisteminde Sunulan Elektrik 

Enerjisinin Tedarik S¿rekliliĵi, Ticari ve Teknikkalitesi Hakkēnda Yºnetmelik 

TEDAķ (2023). 2023 Yēlē T¿rkiye Elektrik Daĵētēmē Sektºr Raporu. T¿rkiye Elektrik Daĵētēm A.ķ. 

EPDK (2014). Elektrik Piyasasēnda Daĵētēm ve Perakende Satēĸ Faaliyetlerine Ķliĸkin T¿ketici 

Hizmetleri Yºnetmeliĵi. Resm´ Gazete, 28.05.2014, Sayē: 29013. 

World Bank (2021). Regulatory Indicators for Sustainable Energy (RISE). https://rise.worldbank.org 

IEA (2020). Electricity Market Report. International Energy Agency. 

 EPDK (2024). ESG Odaklē Enerji Reg¿lasyonu Taslak Raporu. Enerji Piyasasē D¿zenleme Kurumu. 

European Commission (2021). EU Taxonomy and Sustainable Finance Framework. 

IEA (2022). Digitalization and Energy: Status Report. International Energy Agency. 

IEA (2023). World Energy Outlook. https://www.iea.org/reports/world-energy-outlook-2023 

IRENA (2021). Innovation Landscape for Smart Electrification. International Renewable Energy 

Agency. 

IRENA (2022). Renewables Integration in Electricity Networks. 

World Bank (2022). Regulatory Indicators for Sustainable Energy (RISE). https://rise.worldbank.org 

 

 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 44 

Makale id= 14 

 

Sºzl¿ Sunum 

 

ORCID ID: 0000-0001-9647-9404 / 0000-0003-1796-2460 / 0000-0002-2728-706X 

 

Elektrik Daĵētēm Sistemlerinde G¿venliĵi Artērmaya Yºnelik Ark Hatasē ¥nleyici 

Cihazēn Geliĸtirilmesi ve Saha Uygulamasē 

 

Araĸtērmacē Bilgehan Kasēm
1
 , Araĸtērmacē Oĵuz Kaan Atar

1
 , Araĸtērmacē Caner ¥zen

1 

1
Yeĸilērmak Elektrik Daĵētēm Anonim ķirketi 

 

*Corresponding author: Oĵuz Kaan Atar 

 

¥zet: Elektrik daĵētēm sistemlerinde meydana gelen ark hatalarē gerek personel g¿venliĵi gerekse enerji s¿rekliliĵi 

a­ēsēndan ciddi riskler barēndērmaktadēr. Bu t¿r arēzalar hem ekipmanlarda kalēcē hasara hem de can g¿venliĵini 

tehdit eden olaylara yol a­abilmektedir. Bu riskleri azaltmak amacēyla daha ºnce yalnēzca laboratuvar ortamēnda 

ve sim¿lasyonlar aracēlēĵēyla test edilen ark hatasē ºnleyici cihaz ¿zerinde ºnemli geliĸtirmeler yapēlmēĸtēr. Bu 
­alēĸma kapsamēnda, cihazēn elektronik donanēmē optimize edilmiĸ; daha g¿venilir ve kompakt bir yapē i­in baskē 

devre kartē (PCB) tasarēmē ger­ekleĸtirilmiĸ ve ¿retimi tamamlanmēĸtēr. Ayrēca cihaz, end¿striyel saha koĸullarēna 

uygun ºzel bir muhafaza ile donatēlmēĸtēr. Geliĸtirilen prototip, bir elektrik daĵētēm merkezindeki h¿cre i­erisine 

monte edilerek ger­ek saha koĸullarēnda test edilmiĸtir. Ortam ēĸēk sensºr¿ ile yapēlan izlemelerde, cihazēn elektrik 

arkē kaynaklē ani ēĸēk deĵiĸimlerini baĸarēlē ĸekilde ve ger­ek zamanlē olarak algēladēĵē doĵrulanmēĸtēr. ¥nceden 

tanēmlanmēĸ eĸik seviyeleri aĸēldēĵēnda, sistem operatºrlerine uyarē sinyali ileten yapē sayesinde erken m¿dahale 

imk©nē saĵlanmēĸtēr. Saha uygulamalarē sonucunda cihazēn stabil ­alēĸtēĵē, ­evresel etkilerden minimum d¿zeyde 

etkilendiĵi ve erken uyarē sistemi olarak g¿venilir bir performans sergilediĵi gºzlemlenmiĸtir. Elde edilen 

bulgular, cihazēn elektrik daĵētēm sistemlerinde iĸ saĵlēĵē ve g¿venliĵini artērmaya yºnelik somut, uygulanabilir 

ve yenilik­i bir ­ºz¿m sunduĵunu ortaya koymaktadēr. 

Anahtar Kelimeler: Elektrik Arkē, Erken Tespit, Ortam Iĸēk Sensºr¿, Pcb Tasarēmē, Saha Uygulamasē, Daĵētēm 
Merkezi, Ķĸ G¿venliĵi, Sistem S¿rekliliĵi, Gºm¿l¿ Sistem, Uyarē Mekanizmasē 

 

Development and Field Implementation of An Arc Fault Prevention Device to Enhance Safety in Electrical 

Distribution Systems 

 

Abstract: Arc faults occurring in electrical distribution systems pose significant risks in terms of both personnel 

safety and energy continuity. Such faults can lead to permanent damage to equipment as well as incidents that 

threaten human safety. To mitigate these risks, significant improvements have been made to the arc fault 

prevention device, which had previously only been tested in laboratory and simulation environments. Within the 

scope of this study, the deviceôs electronic hardware was optimized, and a printed circuit board (PCB) was 

designed and manufactured to achieve a more reliable and compact structure. In addition, the device was equipped 
with a custom-designed enclosure suitable for industrial field conditions. The developed prototype was installed 

inside a cell at an electrical distribution center and tested under real-world conditions. Monitoring through the 

ambient light sensor confirmed that the device successfully detected sudden light changes caused by arc faults in 

real time. The system was designed to issue warning signals to operators when predefined threshold levels were 

exceeded, enabling early intervention. Field application results showed that the device operated stably, was 

minimally affected by environmental factors, and performed reliably as an early warning system. The findings 

demonstrate that the developed device offers a concrete, practical, and innovative solution to enhance 

occupational health and safety in electrical distribution systems. 

Keywords: Electric Arc, Early Detection, Ambient Light Sensor, Pcb Design, Field Implementation, Distribution 

Center, Occupational Safety, System Continuity, Embedded System, Warning Mechanism 
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INTRODUCTION  

Electrical distribution systems are critical infrastructures that ensure the safe, uninterrupted, and high-

quality delivery of energy to end-users. The reliability of these systems is of great importance in terms 
of preventing economic losses as well as ensuring the safety of life and property. However, faults that 

occasionally occur in these systems can negatively affect energy continuity and lead to serious problems. 

One of these faults is the electric arc. An electric arc can be defined as an electrical discharge that occurs 
between two conductors, carrying high temperature and intense energy. Especially at medium voltage 

levels, arcs can both reduce the lifespan of equipment and cause hazardous situations such as fires. 

In previous study, the effects of electric arcs on distribution systems were examined in detail, and a 
system design for detecting this fault was proposed. In this context, a method based on detecting sudden 

increases in light using ambient light sensors was developed, the system was assembled on a perforated 

circuit board, and its performance was evaluated through simulation tests under various scenarios. The 

simulation results revealed that the developed system has a potential effect in detecting electric arcs 

(Atar, ¥zen, & Kasēm, 2024). 

However, it was observed that in order for the system to be used safely and for a long duration in the 

field, especially in a real distribution center, the existing prototype needed to be transformed into a more 
robust, compact, and reliable hardware. Therefore, integrating the system into a specially designed 

electronic hardware instead of a perforated circuit board became necessary to enhance both functionality 

and reliability. Additionally, it was aimed to design the enclosure of this new hardware to be suitable 

for environmental conditions and the distribution center environment. 

This paper presents a detailed overview of the final hardware design of the developed system, the 

engineering approach of the enclosure structure, the testing of the system under medium voltage electric 

arc conditions in a laboratory environment, and finally, the installation process of the system in a 
distribution center. This study is considered a significant step towards making electrical distribution 

systems safer and has the potential to pioneer similar fault detection systems in the future (Atar, ¥zen, 

& Kasēm, 2024). 

METHOD  

This section will present the main structure of the hardware, the hardware design, and the integration of 

the embedded software under separate subheadings. 

Main Structure of the Hardware 

The developed arc detection system is based on a sensor structure that detects sudden changes in ambient 

light. Therefore, at the core of the system is a microcontroller unit capable of processing data from the 

sensor quickly and reliably. During the microcontroller selection process, criteria such as the ability to 
process both analog and digital signals, communication capabilities with various peripheral units, and 

energy efficiency were taken into consideration. Accordingly, it was decided to use the 

STM32F103C8T6 microcontroller with a 32-bit Arm Cortex-M3 architecture, which had been 
successfully used in previous studies. This microcontroller was preferred due to its sufficient number of 

general-purpose input/output pins (GPIOs), analog input channels, and serial communication interfaces 

(STMicroelectronics, n.d.). 

The power requirements of the system were determined by taking into account the typical power 
infrastructure of distribution centers. Based on the commonly used 24V DC voltage level in industrial 

applications, the system was designed to be powered by this voltage. However, since the components 

used in the system operate at different voltage levels, a multi-stage voltage regulation mechanism was 
required. Specifically, the MAX485 chip used in the communication module operates at 5V DC, while 

the STM32F103C8T6 microcontroller operates at 3.3V DC. To accommodate these differences, a two-

stage voltage step-down mechanism was implemented (STMicroelectronics, 2023). 

In the first stage, the 24V DC input voltage is stepped down to 5V DC using the LM2576T-5 regulator. 

This component is a switch-mode voltage regulator, which minimizes energy loss thanks to its high 

efficiency. In the second stage, the 5V DC is further reduced to 3.3V DC using a low-dropout linear 
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regulator from the RT9193 series. This approach ensures that both the microcontroller and the 

communication module are supplied with stable and safe voltage levels (Thakur et al., 2023). 

The system was also designed to support the MODBUS RTU communication protocol to allow 
integration with the existing IoT infrastructure in distribution centers. For this purpose, the RS485 

communication standard was chosen, and the MAX485 chip was integrated into the system to provide 

the physical layer of the protocol. This structure enables the system to function in terms of remote 

monitoring and data transmission capabilities (Han, Wang, Guo, & Wang, 2025). 

During the hardware design phase, not only the processor and communication modules were considered, 

but also application-specific input/output units. The system includes various digital input and output 
pins, analog inputs, and relay control outputs. This allows the system to monitor environmental 

conditions and, when necessary, trigger warning systems or protective equipment. The overall 

connection layout of the hardware and the relationship between components is presented in Figure 1. 

 

 

Figure 1. Block Diagram of the Hardware 

 

Hardware Design 

During the hardware design process, the KiCad software was preferred for drawing circuit schematics 
and generating the PCB. KiCad is an open-source and completely free electronic design automation 

(EDA) software. Thanks to its advantages such as enabling accurate multi-layer PCB designs, a wide 

component library, an advanced schematic editor, and 3D modeling support, it is widely used in both 
academic and industrial applications. Considering these features, the use of KiCad was deemed 

appropriate for the electronic design processes of the system. 

All hardware components detailed in the previous section were modeled at the schematic level as the 

first step of the design process. In the schematic drawing phase, all functional modules of the system 
were addressed as separate circuit blocks, and the connections between components were configured in 

accordance with design principles. 

The relevant schematic designs are presented in the following figures: 

¶ Figure 2 shows the schematic diagram of the microcontroller circuit, which is the main 
processing unit of the system. This diagram includes details such as the microcontrollerôs power 

supply lines, programming pins, and connections to peripheral units. 

¶ Figure 3 illustrates the multi-stage voltage regulation structure that meets the energy 

requirements of the system. This section schematically presents the conversion process from 

24VDC to 5VDC and 3.3VDC using LM2576T-5 and RT9193 voltage regulators. 
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¶ Figure 4 contains the schematic design of the RS485-based communication circuit that enables 

the hardware to communicate via the MODBUS protocol. This circuit includes details such as 

data exchange and direction control between the MAX485 chip and the microcontroller. 

¶ Figure 5 presents the relay output circuit used to trigger external devices. This section also 

includes intermediate components (transistors, diodes, etc.) that allow the microcontroller 

outputs to drive the relays. 

Following the completion of these schematic drawings, the process moved on to component placement 

and PCB routing. The schematic design process serves as a foundation for electrical safety and system 

stability, and it provides direct infrastructure for the subsequent PCB layout phase. 

 

 

Figure 2. Microcontroller Circuit Schematic 

 

 

Figure 3. Power Supply Circuit of the System 
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Figure 4. MODBUS Communication Circuit 

 

 

Figure 5. Relay Output Circuit 

 

After the schematic design phase, the physical PCB layout and design were carried out. Considering 

that the environment in which the system would operate could involve high electromagnetic interference 

(EMI) and that electromagnetic compatibility (EMC) requirements must be met, a multi-layer PCB 
structure was selected. As a result of the design decisions, the system was configured as a 4-layer PCB. 

This structure offers advantages in ensuring signal integrity, reducing noise, and especially enabling 

stable transmission of high-frequency signals. The 4-layer PCB structure designed for low EMI/EMC 
and its layer arrangement are shown in Figure 6. Additionally, the 3D rendering of the system, completed 

with component placement, is provided in Figure 7 as a reference for mechanical assembly and enclosure 

integration. The manufactured hardware is presented in Figure 8. 

 

 

Figure 6. 4-Layer PCB Structure for Low EMI/EMC 
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Figure 7. 3D View of the Designed Hardware 

 

 

Figure 8. Manufactured Hardware 

 

Embedded Software Integration 

In the developed system, the existing embedded software previously used with the same microcontroller 

was directly integrated into the new hardware. By preserving the core functionalities, the software 

development process was significantly accelerated. The key innovation in this study is the systemôs 

ability to communicate via the MODBUS RTU protocol. For this purpose, a custom MODBUS 
communication library was developed specifically for the microcontroller. This library enables data 

exchange with IoT devices through the RS485 interface, allowing the system to be monitored remotely. 

The developed library is presented in Figure 9. 
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Figure 9. MODBUS Library 

 

RESEARCH FINDINGS AND DISCUSSION 

Before proceeding with the field implementation of the developed system, a verification process was 

carried out in a laboratory environment using a VLF (Very Low Frequency) test device available at 

YEDAķ. In these tests, voltages up to approximately 30 kVAC were applied using the device, and 
various electric arcs were intentionally generated under controlled conditions at that level. The test 

scenarios were designed to simulate conditions similar to potential arc faults that might occur in medium 

voltage distribution systems. During these tests, it was observed whether the system could detect sudden 
changes in light as designed and whether it could transmit accurate data through the communication 

module. The hardware successfully detected all arc events, demonstrating that the system functions 

reliably. Additionally, the data obtained from the communication module was verified, confirming the 

system's operational effectiveness in both detection and data transmission. The laboratory test setups 

and application visuals are presented in Figure 10. 
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Figure 10. High Voltage Arc Tests in Laboratory Environment 

 

Following the successful laboratory tests, it was decided to evaluate the system under real field 

conditions. For this purpose, a distribution center located in the YEDAķ region, which posed a potential 
risk of electric arc formation, was selected as a pilot site. Before integration into the center, a custom 

enclosure was designed to protect the device in accordance with environmental conditions and the 

structural characteristics of the distribution cell. During the installation process, the system was 

configured into two main components: the ambient light sensor was placed in a position where it could 
directly observe the arc inside the cell, while the microcontroller and control unit were integrated into 

the control panel section of the cell. This placement ensured direct access of the sensor to light variations 

and secure housing of the control circuitry. Furthermore, to enable integration with the existing IoT 
infrastructure of the distribution center, the necessary communication connections were established via 

MODBUS, allowing the system to be remotely monitored. Visuals and layout details of the deviceôs 

installation process are shown in Figure 11.  

 

 

Figure 11. Field Installation of the Hardware 

 

After the installation of the hardware in the distribution center was completed, data collection from the 

system began regularly. During the periodic monitoring process, signals indicating electric arcs were 

recorded by the ambient light sensor. The output signals and their corresponding timestamps are 
provided in Table 1. Field inspections conducted based on these signals revealed physical evidence of 

arc faults in the cell where the device was installed. Observations confirmed that actual faults had 

occurred at the exact times detected by the sensor. This demonstrates that the developed system was 

able to successfully detect arc faults not only in laboratory conditions but also in real field environments. 
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Table 1. Detected Arc Fault Signals 

Number of 

Detected Arcs 
Date 

86 07.05.2025 

48 13.05.2025 

 

CONCLUSION 

This study addressed the design, production, testing, and field implementation processes of a hardware 

system developed for the detection of electric arcs in electrical distribution systems. The developed 

system produced successful results in both laboratory and real-world field tests, reliably detecting 
electric arcs by identifying sudden changes in ambient light. The system also offers advantages in terms 

of remote monitoring and data sharing, particularly due to its ability to integrate with the IoT 

infrastructure present in distribution centers. However, field observations revealed that some electrical 

leakages could only be detected acoustically and did not generate any visible light. Such faults cannot 
be detected by the current system. Therefore, in future studies, a microphone-based sound detection 

module will be integrated into the system to enable not only visual but also acoustic-based arc detection. 

This enhancement will broaden the scope of the system and provide a more sensitive fault monitoring 

capability. 
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¥zet: Elektrik daĵētēm sistemleri, enerji altyapēsēnēn en kritik bileĸenlerinden biri olup, s¿rekli izlenmesi ve kontrol 

edilmesi gereken karmaĸēk yapēlardēr. Bu kapsamda, son yēllarda Nesnelerin Ķnterneti (Internet of Things - IoT) 

teknolojileri bu sistemlerde ºnemli bir yer edinmiĸtir. IoT cihazlarē, elektrik daĵētēm sistemlerinin ­eĸitli 

noktalarēnda konumlandērēlarak; gerilim, akēm, sēcaklēk, enerji t¿ketimi gibi parametrelerin izlenmesini, verilerin 

merkezi birime iletilmesini ve gerektiĵinde uzaktan kontrol iĸlemlerinin ger­ekleĸtirilmesini m¿mk¿n kēlmaktadēr. 

Bu teknolojiler sayesinde sistem verimliliĵi artmakta, arēza s¿resi azalmaktadēr ve daha hēzlē m¿dahale imk©nē 

saĵlanmaktadēr. Ancak, elektrik daĵētēm sistemlerinin ­oĵunlukla dēĸ saha koĸullarēnda ­alēĸtēĵē gºz ºn¿ne 

alēndēĵēnda, bu ortamlarda kullanēlan IoT cihazlarē ciddi ­evresel ve elektriksel zorluklara maruz kalmaktadēr. 

Topraklama eksiklikleri, y¿ksek gerilim darbeleri, havai hatlarēn birbirine temasē, yēldērēm etkisi, nem ve sēcaklēk 

gibi ­evresel faktºrler bu cihazlarēn arēzalanmasēna neden olabilmektedir. Sºz konusu arēzalar hem veri akēĸēnē 

kesintiye uĵratmakta hem de sistemin genel g¿venilirliĵini d¿ĸ¿rmektedir. Bu ­alēĸmada, elektrik daĵētēm 

sistemlerinde yaygēn olarak kullanēlan IoT cihazlarēnda meydana gelen arēzalar detaylē ĸekilde incelenmiĸ, sēk 
arēzalanan cihaz tipleri belirlenmiĸ ve bu arēzalar belirli kategorilere ayrēlarak sēnēflandērēlmēĸtēr. Ayrēca, bu 

cihazlarēn onarēm s¿re­lerine yºnelik analizler yapēlmēĸ ve bazē arēzalarēn giderilerek cihazlarēn tekrar 

kullanēlabilir hale getirilmesi yºn¿nde ­alēĸmalar ger­ekleĸtirilmiĸtir. Bu doĵrultuda, arēzalē cihazlarēn tamir 

edilmesinin teknik ve ekonomik a­ēdan fizibilitesi deĵerlendirilmiĸtir. ¢alēĸmanēn son bºl¿m¿nde ise, tespit edilen 

arēzalarēn ºnlenmesine yºnelik ­eĸitli koruma devreleri tasarlanmēĸtēr. Bu koruma devreleri, ºzellikle ani gerilim 

y¿kselmelerine ve ters baĵlantēlara karĸē cihazlarē koruyacak ĸekilde planlanmēĸtēr. Tasarlanan devrelerin 

iĸlevselliĵi LTSpice sim¿lasyon programē kullanēlarak test edilmiĸ ve elde edilen sim¿lasyon sonu­larē 

deĵerlendirilmiĸtir. Bu sayede, IoT cihazlarēnēn dayanēklēlēĵēnē artērmaya ve arēza oranlarēnē azaltmaya yºnelik 

uygulanabilir ­ºz¿mler sunulmuĸtur. Bu ­alēĸma, elektrik daĵētēm sistemlerinde kullanēlan IoT cihazlarēnēn 

g¿venilirliĵini artērma ve arēza yºnetimi konusunda ºnemli katkēlar sunmakta olup, gelecekte yapēlacak 

donanēmsal ve yazēlēmsal iyileĸtirmelere de temel oluĸturacak niteliktedir. 

Anahtar Kelimeler: Iot, Elektrik Daĵētēm Sistemleri, Arēza Analizi, Cihaz Onarēmē, Saha Koĸullarē, Koruma 

Devresi, Ltspice, Sim¿lasyon, Topraklama Eksikliĵi, Gerilim Darbesi, Cihaz G¿venilirliĵi, Nesnelerin Ķnterneti, 

Enerji Ķzleme, Bakēm Maliyeti, Yeniden Kullanēlabilirlik 

 

Classification and Prevention Approach for Common Failure Types of Iot Devices in the Electric Distribution 

Sector 

 

Abstract: Electric power distribution systems are among the most critical components of the energy infrastructure 

and are complex structures that require continuous monitoring and control. In this context, the Internet of Things 

(IoT) technologies have gained significant importance in recent years. IoT devices are deployed at various points 

within power distribution systems to monitor parameters such as voltage, current, temperature, and energy 
consumption, transmit data to a central unit, and enable remote control when necessary. These technologies 

contribute to increased system efficiency, reduced fault durations, and faster response capabilities. However, 

considering that most power distribution systems operate in outdoor field environments, IoT devices used in these 

areas are exposed to significant environmental and electrical challenges. Factors such as lack of grounding, 
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voltage surges, contact between overhead lines, lightning strikes, humidity, and temperature fluctuations can lead 

to malfunctions in these devices. These failures interrupt data flow and reduce the overall reliability of the system. 

In this study, failures in commonly used IoT devices within power distribution systems were examined in detail. 

Frequently failing device types were identified, and the faults were categorized into specific classes. Furthermore, 

repair processes for these devices were analyzed, and efforts were made to restore the functionality of certain 

faulty devices. The technical and economic feasibility of repairing and reusing defective devices was evaluated. 

In the final part of the study, various protection circuit designs were developed to prevent the identified failures. 

These circuits were specifically designed to protect the devices against sudden voltage surges and reverse 

connections. The functionality of the designed circuits was tested using the LTSpice simulation program, and the 

simulation results were analyzed. As a result, practical solutions were proposed to enhance the durability of IoT 
devices and reduce failure rates. This study provides valuable insights into improving the reliability and fault 

management of IoT devices used in electrical power distribution systems and serves as a foundation for future 

hardware and software improvements. 

Keywords: Iot, Power Distribution Systems, Fault Analysis, Device Reliability, Environmental Challenges, 

Grounding Issues, Voltage Surge Protection, Device Repair, Feasibility Study, Protection Circuits, Ltspice 

Simulation, Remote Monitoring, Fault Prevention, Energy Infrastructure, Smart Grid 

 

INTRODUCTION  

Electric distribution systems form the backbone of modern energy infrastructure and are critically 

important for ensuring uninterrupted power supply across all segments of society. Increasing energy 

demand has brought about greater complexity and management challenges in distribution networks. In 
this context, the need for digitalization and automation has made it essential for electric distribution 

systems to become more efficient, reliable, and monitorable. In recent years, IoT technologies have 

emerged as a significant transformative tool in response to this need within the energy sector. By being 
integrated into various components of electric distribution systems, IoT technologies enable real-time 

monitoring and control of critical parameters such as voltage, current, temperature, and energy 

consumption. This increases system performance, accelerates fault detection, and facilitates remote 
intervention. However, the fact that these technologies predominantly operate in outdoor field 

conditions makes IoT devices vulnerable to environmental and electrical impacts. Factors such as 

grounding failures, lightning strikes, high voltage surges, humidity, excessive temperatures, and 

mechanical stress can cause these devices to malfunction, thereby disrupting the overall functioning of 
the system. In this study, the faults encountered by IoT devices commonly used in electric distribution 

systems are examined in detail, the causes and types of faults are classified, repair processes are 

analyzed, and protective solutions are developed. The aim of the study is to enhance the durability of 
these devices in the field, reduce failure rates, and provide economically sustainable solution proposals 

to support the overall efficiency of distribution systems. 

METHOD  

Causes of Electrical Surges 

IoT devices used in electric distribution systems are typically deployed in locations such as distribution 

centers, field distribution panels, and measurement points. In these environments, devices are exposed 

to high-energy electrical surges caused by sudden voltage spikes and transient operating conditions. The 

sources of such disturbances are primarily the following physical and operational factors: 

¶ Atmospheric discharges (Lightning effects): Sudden atmospheric discharge events, 

especially lightning strikes, cause sharp voltage surges in distribution lines. These discharges 

may directly contact the line or induce transients via electromagnetic coupling. The resulting 
transient voltages often exhibit a 1.2/50 Õs waveform profile and can reach magnitudes of 

several kilovolts to tens of kilovolts. These high-energy pulses may exceed the isolation limits 

of devices, causing hardware damage (IEC, 2010). 

¶ Switching transients: During switching operations in substations or distribution 

transformersðespecially when inductive loads are connected or disconnectedðtemporary 
high-frequency voltage oscillations occur. These oscillations are characterized as fast transients 

according to the IEC 61000-4-4 standard, typically in the 5/50 ns time range with amplitudes in 
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the hundreds of volts. Such disturbances can negatively affect the power supplies and 

communication interfaces of IoT devices (IEC, 2012). 

¶ Inadequate grounding and potential differences: If IoT devices in the field are not effectively 

referenced to ground, sudden voltage surges can be transmitted directly to the device body or 
input terminals. This may result in insulation breakdowns or electromagnetic compatibility 

(EMC) issues within the internal circuits. 

¶ Inter -line arcing and temporary short circuits: Overhead lines may come into contact due to 

wind, ice loading, or external factors, resulting in temporary arcing. These events lead to sudden 
current spikes and corresponding voltage fluctuations. Additionally, short circuits caused by 

interactions between live lines and environmental elements (such as tree branches or birds) can 

generate transients with high dV/dt rates in the system. 

Electrical surges originating from these sources can damage sensitive areas of IoT devices, such as 

power input circuits, low-voltage communication ports (e.g., UART, RS-485, Ethernet), and sensor 

interfaces. They may cause insulation breakdown, damage to semiconductor components, and disruption 

in data transmission. Therefore, the design and integration of protection circuits based on 
electromechanical and semiconductor components are critically important for ensuring system safety 

and extending device lifespan (International Electrotechnical Commission [IEC], 2012). 

IoT Systems Electrical Protection Circuit Design 

To prevent the damage caused by electrical transient events to IoT devices, various passive and active 

protection components based on electromagnetic compatibility and overvoltage protection principles 

have been utilized. Protection circuits have been designed to serve as safety barriers at different 
vulnerable points of the devices, applied to both power input lines and communication and sensor 

interfaces. The main protection components used and their functions are technically explained below: 

¶ Varistor (MOV ï Metal Oxide Varistor): MOVs are semiconductor components with a 

nonlinear resistance characteristic. When the voltage exceeds a certain threshold (clamping 

voltage), their resistance drops rapidly, diverting the excess energy to the ground line. Their 
typical response time can be as low as a few nanoseconds. These components are especially 

used in AC or DC power lines, connected in parallel to the input terminals, providing protection 

against voltage surges caused by lightning or switching transients (Agarwal & Lang, 2005). 

¶ Gas Discharge Tubes (GDT): GDTs are robust components with gas-filled electrodes that 
provide resistance against high-energy surges. When the voltage exceeds a certain threshold, 

the gas inside becomes ionized and the tube becomes conductive. When used in combination 

with MOVs, a two-stage protection scheme is achieved: the GDT suppresses most of the high-

energy surge, while the MOV rapidly clamps the remaining energy. However, since GDTs have 
response times in the range of hundreds of nanoseconds, secondary protection is often necessary 

for fast transients (Horowitz & Hill, 2015). 

¶ TVS Diodes (Transient Voltage Suppression Diodes): TVS diodes are known for their very 

low response times. They are preferred for low-voltage-tolerant data lines (RS-485, UART, 
Ethernet, I2C, etc.). With low clamping voltage ratings, they provide effective protection against 

ESD (Electrostatic Discharge) and EFT (Electrical Fast Transients) events (Stojmenovic, 2014). 

¶ Fuses and PTC Thermistors: In addition to traditional fuses, Positive Temperature Coefficient 

(PTC) thermistors have been employed for overcurrent protection. PTCs increase their 
resistance during overcurrent events, limiting the circuit, and then automatically return to 

normal when the current stabilizes. This feature allows them to function as resettable fuses 

(Gungor & Hancke, 2011). 

¶ Reverse Polarity Protection: To prevent damage caused by incorrect polarity in the supply 

lines of IoT devices, diode-based and low-loss MOSFET-based protection topologies have been 
applied. Schottky diodes are used for their low forward voltage drop, while P-channel 

MOSFETs are employed to enable series switching control during reverse polarity conditions 

(Zanella et al., 2014). 
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To mitigate several of the existing problems, both a reverse polarity protection circuit and an overvoltage 

protection circuit were designed to be used at the power and signal inputs of IoT devices. The schematic 

diagrams of these circuits are shown in Figure 1 and Figure 2. 

 

Figure 1. Reverse Polarity Protection Circuit 

 

 

Figure 2. Overvoltage Protection Circuit 

 

In Figure 1, the circuit is designed to prevent damage to the device in the case of reverse polarity. A P-

channel MOSFET with a low RDS value is used in the circuit. Under correct polarity, the MOSFET 

conducts and allows power to reach the load. In reverse polarity, the gate-source voltage becomes 
positive, causing the MOSFET to switch off, thereby blocking current flow. Additionally, a Zener diode 

connected to the gate terminal of the MOSFET provides isolation against sudden voltage changes. In 

Figure 2, the circuit aims to protect the load by disconnecting it during overvoltage conditions. The 

SMBJ24CA-type TVS diode grounds sudden voltage spikes exceeding 24V, forming the first line of 
defense. Additionally, a voltage divider created with a 12V Zener diode and resistors applies a controlled 

reference voltage to the base of a transistor. When the input voltage exceeds a certain threshold, the 

transistor switches on, redirecting the output current to ground and disabling the output line. This two-
stage structure ensures rapid response to sudden voltage spikes and complete isolation under sustained 

high voltages, thereby securing the load. 

RESEARCH FINDINGS AND DISCUSSION 

In this study, an analysis was conducted on the faults encountered by IoT devices used in electric 

distribution systems under field conditions, and the efficiency of repair activities carried out on these 

devices was evaluated. The investigation focused on two main product groups: I/O boards and modem 

boards. As a result of the tests and repairs, 27 out of 34 I/O boards were successfully repaired and 
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restored to working condition. Accordingly, the maintenance and repair efficiency for the I/O group was 

calculated to be 79.41%. It was observed that 7 unrepaired boards had physical damage, particularly due 

to PCB burns, which made recovery impossible. Common failure types in I/O boards included power 
supply issues and resistor failures, especially on the IN10 and IN12 input channels. These issues were 

mostly resolved by replacing TVS diodes, changing input resistors, and inspecting and revising the 

components on the PCB. Table 1 presents the fault distribution within the I/O modules. 

 

 

 

Similarly, in the modem board repair process, a total of 22 modem devices were examined, and 19 were 

successfully repaired, resulting in an efficiency rate of 86.36%. The 3 unrepaired devices had damaged 

power input ICs, which rendered them non-functional and beyond recovery (Table 2). Common faults 
identified in modem boards included power circuit failures, integrated circuit (IC) malfunctions on 

control boards, and I/O signal errors. These issues were largely resolved by replacing faulty components 

and reconfiguring circuit paths. 

 

 

 

In total, 56 devices across both product groups were tested, with 46 successfully repaired. This 

demonstrates that hardware-level recovery and maintenance activities provide significant technical and 

economic benefits for IoT devices. It was observed that a substantial portion of the field failures 
stemmed from electrical effects such as incorrect power connections (reverse polarity) and sudden high-

voltage surges. Therefore, integrating the designed reverse polarity protection circuit and overvoltage 

protection circuit into the system is expected to significantly reduce device failures. The functionality 

of these protection circuits was evaluated through simulations carried out in LTSpice. Figures 3 and 4 
assess the reverse polarity protection system. Figure 3 shows the load current under correct polarity, 
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while Figure 4 shows the load current under reverse polarity. Figure 5 displays the input and load voltage 

of the overvoltage protection circuit. 

 

 

Figure 3. Load Current of Reverse Polarity Circuit (Correct Polarity) 

 

 

Figure 4. Load Current of Reverse Polarity Circuit (Reverse Polarity) 

 

 

Figure 5. Input and Load Voltage of Overvoltage Protection Circuit 

 

As seen from the simulation results, the reverse polarity protection circuit maintains the load current at 
0 A during reverse connection. The overvoltage protection circuit, on the other hand, keeps the output 

voltage stabilized at 12 V regardless of how much the input exceeds this value. 

CONCLUSION 

In this study, common failure types encountered by IoT devices in electric distribution systems under 
field conditions were analyzed, the root causes of these failures were identified, and effective solutions 

for prevention were developed. Electrical effects frequently observed in field environmentsð

particularly reverse polarity connections and sudden voltage surgesðsignificantly reduce the reliability 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 60 

and lifespan of the devices. Accordingly, the reverse polarity and overvoltage protection circuits 

developed in this study were tested using LTSpice simulations, and their functionality was successfully 

demonstrated. As a result of the maintenance and repair activities conducted, 46 out of the 56 tested 
devices were successfully repaired and restored to operational status. This indicates that the 

implementation of hardware-level protection and repair strategies in IoT devices provides high technical 

and economic efficiency. Furthermore, it is anticipated that the field implementation of the developed 
protection circuits will considerably reduce the failure rates of such devices. The findings obtained offer 

valuable contributions to enhancing the reliability of IoT-based electric distribution systems and to 

reducing maintenance costs. In this context, the study also establishes a solid foundation for future 
hardware and software improvements, contributing to the sustainability of digital transformation in 

energy infrastructure. 
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¥zet: Elektrik enerjisi iletim ve daĵētēm sistemlerinde meydana gelen arēzalarēn ºnemli bir kēsmē, zaman i­inde 

izolatºrlerde oluĸan kēsmi deĸarj (KD) olaylarēndan kaynaklanmaktadēr. ¥zellikle orta ve y¿ksek gerilim 

seviyelerinde, yalētēm malzemelerinde meydana gelen bu lokal deĸarjlar, sistemdeki ekipmanlarēn ºmr¿n¿ 

kēsaltmakta ve ani arēzalara neden olabilmektedir. Kēsmi deĸarjlar, genellikle izolatºrlerdeki mikro boĸluklarda, 

y¿zey kirliliklerinde veya baĵlantē noktalarēndaki kusurlarda ortaya ­ēkmakta olup, sistemin tamamēnē etkilemeden 

ºnce tespit edilebilmeleri durumunda ºnleyici bakēm faaliyetleriyle giderilebilmektedir. Konvansiyonel KD tespit 

yºntemleri, pahalē donanēmlar gerektiren tekniklerdir. Bu yºntemler saha uygulamalarēnda zaman ve maliyet 

a­ēsēndan ciddi kēsētlar yaratmaktadēr. ¥zellikle OG havai hatlarda, personelin sahada fiziksel olarak her bir 

direkte ºl­¿m yapmasē hem zaman alēcē hem de insan hatasēna a­ēk bir s¿re­tir. Bu ­alēĸmada, mobil olarak 
kullanēlabilecek bir tespit sisteminin tasarēmē ve uygulanabilirliĵi ele alēnmaktadēr. Geliĸtirilen sistem; radyo 

frekansē (RF) emisyonlarēnē kullanan, geniĸ bantlē bir anten ve yazēlēm tabanlē radyo (Software Defined Radio-

SDR) altyapēsēyla ­alēĸmaktadēr. Bu sayede, OG hatlarēnda hareket halindeki bir ara­ ¿zerinden kēsmi deĸarj 

noktalarēnēn hēzlē, g¿venli ve d¿ĸ¿k maliyetli bi­imde tespiti ama­lanmaktadēr. Yapēlan literat¿r taramalarē, kēsmi 

deĸarjēn elektromanyetik spektrumda ºzellikle 20ï500 MHz aralēĵēnda anlamlē emisyonlar ¿rettiĵini ortaya 

koymuĸtur. Bu ­alēĸmada, RF tabanlē ºl­¿m¿n kuramsal altyapēsē, anten ve SDR tasarēmē, saha testleri ve elde 

edilen sonu­lar b¿t¿nsel bir ĸekilde sunulmaktadēr. 

Anahtar Kelimeler: Kēsmi Deĸarj (Kd), Radyo Frekans (Rf) Emisyonlarē, Orta Gerilim Hatlarē, Yazēlēm Tabanlē 

Radyo (Sdr), Geniĸ Bantlē Anten, Arēza Tespiti, Elektromanyetik ¥l­¿m 

 

A New Approach for Partial Discharge Detection in Overhead Lines 

 
Abstract: A significant portion of failures occurring in electrical energy transmission and distribution systems 

stems from partial discharge (PD) phenomena that develop over time in insulators. Particularly in medium and 

high voltage levels, these localized discharges in insulating materials shorten the lifespan of system components 

and may lead to sudden breakdowns. Partial discharges typically occur in microvoids within insulators, surface 

contaminations, or defects at connection points. If detected before affecting the entire system, they can be 

addressed through preventive maintenance activities. Conventional PD detection methods require expensive 

equipment and involve techniques that present significant limitations in terms of time and cost during field 

applications. Especially in medium-voltage (MV) overhead lines, having personnel physically measure each pole 

on site is both time-consuming and prone to human error. This study focuses on the design and feasibility of a 

mobile detection system. The developed system operates based on radio frequency (RF) emissions using a 

wideband antenna and Software Defined Radio (SDR) infrastructure. Thus, it aims to detect PD points quickly, 
safely, and cost-effectively from a vehicle in motion along MV lines. Literature reviews indicate that partial 

discharges generate significant emissions in the electromagnetic spectrum, particularly within the 20ï500 MHz 

frequency range. In this study, the theoretical background of RF-based measurement, the design of the antenna 

and SDR system, field tests, and the resulting findings are presented comprehensively. 

Keywords: Partial Discharge (Pd), Radio Frequency (Rf) Emissions, Medium Voltage Lines, Software Defined 

Radio (Sdr), Wideband Antenna, Fault Detection, Electromagnetic Measurement 
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1. INTRODUCTION  

A significant portion of failures encountered in electrical power transmission and distribution systems 

originates from partial discharge (PD) phenomena that gradually develop within electrical insulation 
systems. Partial discharge is a localized electrical breakdown in an insulating material that does not 

completely bridge the insulation. It typically occurs in micro-voids within insulators, on contaminated 

surfaces, or at defective connection points (Chen, Tsao & Lin, 2005). Failures caused by undetected PD 
activity may occur without warning, potentially damaging adjacent equipment, disrupting the economic 

activities of connected consumers, leading to customer dissatisfaction, and incurring penalties from 

regulatory authorities. Timely detection of partial discharges is of great importance for predictive 
maintenance applications. However, traditional methodsðsuch as electrical measurement techniques 

based on the EN 60270 standardðare both costly and operationally challenging in field conditions (IEC 

60270, 2015). Particularly in medium-voltage (MV) overhead lines, field inspections using instruments 

such as acoustic cameras require stopping at each pole, taking manual measurements, and involve direct 
human interaction, making the process time-consuming, expensive, and prone to human error. In recent 

years, alternative approaches based on electromagnetic detection have gained attention, especially the 

use of radio frequency (RF)-based methods for PD detection (Nepola, 2013). Research has shown that 
partial discharge activity emits significant electromagnetic radiation in the 20ï500 MHz range, which 

can be detected using wideband antennas (Moore, Portugues & Glover, 2003). In this context, an RF-

based detection system integrated into a moving vehicle could enable rapid and cost-effective PD 
detection over large areas. This study presents a mobile detection system designed for use on MV 

overhead lines, which utilizes a wideband antenna and Software Defined Radio (SDR) architecture. The 

system components, theoretical framework, and findings from field tests are presented through a 

comprehensive approach. Accordingly, the methodology section of this study first explains the concept 
and types of partial discharge, followed by detailed descriptions of electromagnetic detection 

techniques, antenna system design, and SDR-based measurement infrastructure. 

1.1. Partial Discharge  

Partial discharge (PD) refers to microscopic electrical discharges that occur in localized regions of an 

insulation system where the electric field intensity exceeds the dielectric strength of the material, without 

causing complete insulation breakdown. These events typically arise in gas-filled voids within solid or 

liquid dielectrics, on contaminated surfaces, or at defective regions of electrical joints (Chen, Tsao, & 
Lin, 2005; Kreuger, 1989). The lower relative permittivity of voids compared to the surrounding 

insulating material leads to intensified electric fields within these regions. When this field exceeds a 

critical thresholdðknown as the inception voltageðionization of the gas occurs, initiating partial 
discharges (Schºn, 2019). Over time, these discharges can propagate within the insulation, degrading 

material integrity and eventually leading to complete failure. PD activity not only causes localized 

damage but also serves as an early indicator of potential system-level faults. Therefore, early detection 
and analysis of partial discharges are of critical importance in predictive maintenance strategies, 

especially for medium- and high-voltage systems (Nattrass, 1988). 

 

 

Figure 1. Failure Example Due To Partial Discharge 

 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 63 

In high-voltage engineering applications, partial discharges (PD) are classified into various types, such 

as corona discharge, surface discharge, internal void discharge, electrical treeing, and floating discharge 

(Bªckstrºm, 2010). These classifications are typically based on the phase relationship, frequency 

content, and amplitude patterns of the PD signals. 

1.2. Partial Discharge Measurement Methods 

The detection and quantitative analysis of partial discharges (PD) are critically important for assessing 
the insulation condition of electrical equipment. PD measurements can be carried out using a range of 

approaches, from conventional methods involving direct electrical connections to non-contact 

techniques based on electromagnetic, acoustic, and optical principles (Schºn, 2019). 

1.2.1. IEC 60270 

The IEC 60270 standard is the most widely referenced guideline for partial discharge (PD) 

measurements. In this method, PD pulses are measured via a coupling capacitor connected between the 

terminals of the test object, and the apparent charge is expressed in picocoulombs (pC) (Schºn, 2019). 
Conventional measurement systems, whether analog or digital, typically consist of narrow- or wideband 

filtering, integration, and calibration components. 

 

 

Figure 2. IEC 60270 Test Circuit (Lu, Shibo & Chai, 2020) 

 

The conventional method widely used for partial discharge (PD) measurement is based on the IEC 60270 

standard. In this approach, high voltage is applied to the insulation system under test, represented by the 
Cx component. PD pulses generated within the system are transmitted to the measurement circuit via a 

coupling capacitor (Cb), which allows high-frequency signals to pass while blocking the test voltage. 

These pulses are converted into voltage signals by the impedance element (Z) and analyzed in terms of 

time, amplitude, and frequency to assess insulation condition. Although the method offers high accuracy 
and sensitivity, it requires galvanic connections and multiple coupling elements in large-scale systems, 

which limits its practicality in field applications. 

1.2.2. Acoustic, Optical and Chemical Methods 

Partial discharges generate not only electromagnetic signals but also acoustic emissions, light, and 

chemical reactions. These physical effects form the basis for alternative detection methods (Chen, Tsao, 

& Lin, 2005). 

Acoustic methods: Enable directional localization of PD sources using ultrasonic microphones. 

 

 

Figure 3. Acoustic Camera For Detecting PD 
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Optical methods: : Allow visual detection of corona-type discharges through UV cameras. Corona PD 

occurs when a strong electric field ionizes the surrounding air around a conductor, producing a localized 

discharge that emits ultraviolet (UV) light. Although invisible to the human eye, these UV emissions 

can be captured using UV detection technology (Ofilsystems, 2025). 

Chemical methods: The presence of PD can be assessedðparticularly in oil-filled transformersðby 

analyzing degradation by-products such as ozone, hydrogen, and nitric acid (Schºn, 2019). 

1.2.3. IEC TS 62478 

IEC TS 62478 is a technical specification that defines the measurement of partial discharges (PD) using 

electromagnetic (HF, VHF, UHF) and acoustic methods. In this approach, the electromagnetic fields 
emitted by PD events are captured using wideband antennas or sensors. Measurements within the HF 

(3ï30 MHz), VHF (30ï300 MHz), and UHF (300 MHzï3 GHz) frequency ranges enable rapid and safe 

detection without the need for direct electrical connections (Nepola, 2013). Since high-frequency signals 

vary according to the physical structure of insulation defects, this method also facilitates localization of 
PD sources within the frequency spectrum. Signals analyzed using advanced digital oscilloscopes and 

SDR (Software Defined Radio) platforms provide cost-effective solutions suitable for mobile 

applications. 

 

 

 

Figure 4. IEC TS 62478 

 

 

Figure 5. Frequency Spectrum of PD Signal Detected 

In Air 

 

2. METHOD  

2.1. RF Based Partial Discharge Detection with SDR 

The detection of partial discharges (PD) in the field using conventional methods is often limited due to 

hardware requirements, accessibility challenges, and constraints related to time and cost. In response to 

these limitations, radio frequency (RF)-based techniques have emerged as effective alternatives, 
particularly for mobile applications (Nepola, 2013). Studies have shown that PD events emit significant 

electromagnetic radiation within the VHF (30ï300 MHz) and UHF (300 MHzï1 GHz) frequency bands. 

These emissions tend to concentrate in different frequency ranges depending on the type of discharge 

and can be detected using dedicated antennas and wideband receivers (Moore, Portugues & Glover, 
2003). Recently, Software Defined Radio (SDR) technology has gained prominence in RF-based PD 

detection. Compared to conventional hardware-based receivers, SDR systems offer more flexible, cost-

effective, and portable solutions (Schºn, 2019). RF signals collected via a wideband antenna are 
digitized by the SDR receiver and transmitted to a computer or embedded system. Using FFT and 

spectrum analysis, unique signal signatures of PD can be identified. This method enables fast and 

comprehensive scanning when integrated into mobile vehicles, particularly in medium-voltage overhead 

line applications (Nepola, 2013). 

 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 65 

2.2. PDDS (Partial Discharge Detection System) 

The Partial Discharge Detection System (PDDS) is designed to detect partial discharge (PD) events, 

which occur when voids exist within the dielectric material between two conductors and current 
continuity is compromised. Partial discharge phenomena manifest both acoustically and 

electromagnetically. The PDDS identifies PD activity by monitoring specific bands within the 

electromagnetic spectrum and applies various algorithms to characterize the discharge pulses. The 
system performs continuous measurements and analyzes the acquired data, transmitting the results to 

clients connected to the integrated server. These results can be monitored through a user interface 

running on the client device. 

The PDDS comprises ten main components within its architecture.  

 

 

Figure 6. RF And Digital Hardware Diagram of the Partial Discharge Detection System (PDDS) 

 

2.2.1. Battery 

To supply the necessary electrical power for the system, two 3.7-volt Orion 18650 series lithium-ion 

(Li-Ion) batteries connected in parallel were used. The 18650 series Li-Ion batteries are widely utilized 

in industrial applications. 

 

 

Figure 7. 18650 Li-Ion Battery 

 

2.2.2. Battery Charging System  

The battery charging system consists of a battery level indicator, a high-current protection circuit, and a 

battery charging circuit. The TP4056 module was used as the battery charging circuit. TP4056 is a 

commonly used integrated circuit designed for charging single-series lithium-ion battery packs.  
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Figure 8. TP4056 Battery Charging System 

2.2.3. Power Circuits 

The device includes two power circuits located at the output of the battery and battery charging system. 

These circuits regulate the incoming 3.7 V from the battery or the 9ï36 V input when the device is 
connected to a charger, converting it into a voltage range suitable for the operation of internal system 

modules. 

 

Figure 9. MT3608 Adjustable Step-Up 

Voltage Regulator Module 

 

 

 

Figure 10. LM2596 Adjustable Step-Down 

Voltage Regulator Module 

 

2.2.3.1. Wi-Fi Communication Module 

The ESP32 module was used as the Wi-Fi communication module. ESP32, developed by Espressif, is a 

low-cost and low-power Wi-Fi and Bluetooth module. The development environment for the ESP32 

was set up using the PlatformIO extension within Visual Studio Code, and programming was carried 

out using the Arduino Framework. 

 

Figure 11. ESP32 Wi-Fi Communication Module 

 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 67 

In the system, the ESP32 is configured as an Access Point. It reads the samples obtained from the STM32 

ADC via the serial port and transmits them to a computer connected as a server using the User Datagram 

Protocol (UDP). When the system is running, server information and connected clients can be monitored 
through the serial interface. The ESP32 operates with FreeRTOS as the real-time operating system and 

executes four distinct tasks during operation. These tasks are: 

¶ Main  

¶ Transmitter  

¶ Receiver  

¶ STM32 Reset  

2.2.3.2. STM32 Microcontroller Module  

 

Figure 12. NUCLEO-F429ZI STM32  

 

In this study, the NUCLEO-F429ZI development board, which features the STM32F429ZIT6 
microcontroller, was used. This microcontroller is based on a 32-bit Cortex-M4 architecture and 

supports floating-point operations via its integrated FPU, offering processing speeds up to 180 MHz and 

a performance of 225 DMIPS. It includes three 12-bit ADCs (supporting up to 24 channels at 2.4 MSPS) 

and two 12-bit DAC units. Although an Ethernet MAC interface is available, it was not utilized due to 
the preference for wireless communication. The system employs FreeRTOS as a real-time operating 

system to manage tasks, with signal processing operations executed within this framework. Partial 

discharge pulses are sampled via the ADC, processed, and then transmitted to the ESP32 module through 

the UART5 interface. 

2.2.3.3. STM32 Shield Module 

The STM32 shield module includes a Band-Pass Filter (BPF), a Low-Noise Amplifier (LNA), and a 

coupler circuit. 

 

Figure 13. STM32 Shield 
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On the STM32 Shield, a band-pass filter is positioned immediately after the signal input. This filter is 

responsible for eliminating unwanted frequency components in the spectrum from the signal amplified 

by the VGA (Variable Gain Amplifier). 

 

 

Figure 14. Band Pass filter (BPF) 

 

Figure 15. Band Pass Filter Simulation Results 

 

The filter is designed to pass signals in the 3 MHz to 60 MHz range. It has a return loss of -1 dB, meaning 

that signals within this frequency band are attenuated by only 1 dB. The filter is a 5th-order Butterworth 

type, which ensures a flat frequency response without ripples across the passband. The design process 
was automated, and the resulting component values were used to build a circuit in LTSpice, where 

simulations were conducted to verify performance. As a result, the frequency response of the filter was 

plotted in red. While the -3 dB point was observed in the simulation, in real-world applications the 
frequency response is expected to remain within -1 dB throughout the passband. The same circuit was 

assembled on a separate board before being integrated onto the STM32 Shield, and a Vector Network 

Analyzer (VNA) was connected to its input and output. The frequency response of the filter was 
evaluated by observing the S21 parameter across the 500 kHz to 200 MHz range. The results showed 

that the passband exhibited an attenuation close to -1 dB, confirming the expected performance. 

 

 

Figure 16. Frequency Response of the Generated Band-Pass Filter (Parameter S21) 

 

While evaluating the S21 values, it was also noted that the 88ï108 MHz bandðoccupied by FM radioð

was sufficiently attenuated to prevent interference with the PDDS. Specifically, the 88 MHz component 
was observed to be suppressed by approximately 25 to 30 dB. Before the AC signal is applied to the 

STM32 ADC pins, a coupler circuit is used to shift the signal into an appropriate range. This simple 

circuit, composed of a capacitor and two resistors, shifts an input signal originally ranging between -1.5 
V and +1.5 V to a range of 0 V to +3.0 V by referencing it to 1.5 V. This allows the negative portion of 
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the input signal to be properly sampled by the STM32 ADC. The maximum amplitude of the AC signal 

is limited to 3 V peak-to-peak (Vpp). 

 

 

Figure 17. Coupler Simulation Results 

 

Figure 18. Measurement Results of the 

Produced Coupler 

 

The circuit, which was found suitable in simulation studies, was tested for real-world operability under 

practical conditions. For testing, a signal generator capable of generating signals up to 20 MHz and a 60 

MHz oscilloscope were connected to the input and output of the circuit. According to the results, a signal 

with a 1.5 V amplitude oscillated between 0 V and 3 V, confirming proper operation. 

2.2.3.4. Adjustable Gain Amplifier (VGA)  

Adjustable Gain Amplifier (VGA) is an amplifier whose gain can be adjusted either automatically 

through Automatic Gain Control (AGC) or manually via a control voltage applied to its input. VGAs 

are capable of achieving very high levels of amplification. 

 

 

Figure 19. AD8338 Adjustable Gain Amplifier 

Design (VGA) 

 

Figure 20. AD8338 Gain and Frequency Table 

 

The AD8338 can provide up to 100 dB of gain under suitable conditions. However, its maximum output 

level is +10 dBm. This means that even if 100 dB of gain is applied, the input signal can only be 

amplified up to a maximum of +10 dBm at the output. Exceeding this limit would cause the AD8338 to 

saturate, resulting in a non-linear gain response. 

The gain level of the AD8338 can be adjusted via the VGAIN control voltage, which ranges from 0.1 V 

to 1.1 V. There is a linear relationship between the VGAIN value and the resulting gain. Specifically, each 

100 mV increase in control voltage corresponds to an 8 dB increase in gain. The gain can be calculated 

using the formulas provided in the device documentation. 
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(1) 

 

(2) 

 

The low-level signal received from the antenna is directly amplified by the AD8338. In this stage, DC 

offset circuits are used to nullify the signal offsets and eliminate DC components. To remove the DC 
component, a High-Pass Filter (HPF) is placed at the output of the AD8338. The cutoff frequency of 

this filter is determined by the COFSN capacitor. The required capacitor value for the filter can be 

calculated using a given formula. 

 

 

(3) 

 

In the implemented circuit, the value of COFSN was set to 2.2 ÕF. Accordingly, the cutoff frequency is 

calculated as follows: 

 

 

(4) 

 

 

 

2.2.3.5. Wi-Fi Antenna 

The Wi-Fi antenna is connected to the u.FL connector of the ESP32. It provides a gain of 4.5 dBi within 

the 2400 to 2500 MHz frequency range. The connection type is either u.FL or IPEX. The antenna 

impedance is measured as 50 ɋ across the operating frequency range. 

.  

 

Figure 21. Wi-Fi Antenna 

 

2.2.3.6. Software 

The client interface is a software application developed in C# and runs on a computer. Through this 
software, RF emissions generated by partial discharges at their source are detected by the antenna and 

processed within the system interface. 
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Figure 22. User Interface 

 

3. CONCLUSION 

A significant portion of failures in electrical transmission and distribution systems originates from 

partial discharge (PD) phenomena that develop over time within insulation systems. This study presents 

a radio frequency (RF)-based and software-defined radio (SDR)-supported mobile measurement system 
as a potential solution to the limitations of conventional PD detection methods in field applications. 

Unlike traditional measurement systems, the proposed system allows for non-contact, in-motion 

detection without the need for galvanic connections. Through its wideband antenna system and SDR-
based receiver infrastructure, PD signals emitted in the VHF/UHF band are successfully detected. Field 

trials have demonstrated that the system operates effectively in mobile scanning applications, 

particularly on medium-voltage (MV) overhead lines. The ability to perform rapid scans over large areas 

without physical intervention provides significant advantages in terms of time and manpower efficiency. 
Additionally, the digital acquisition of measurement data facilitates the integration of signal processing 

algorithms and lays the foundation for future machine learning-based analysis systems. However, the 

system also presents certain limitations. In industrial environments with high levels of electromagnetic 
interference, distinguishing PD signals becomes challenging, and false positives may occur due to 

background noise. Furthermore, the systemôs directional sensing capability may vary depending on the 

gain and placement of the antenna used. For future development, it is recommended to enhance the 
system with directional antenna arrays, enabling not only the detection but also the classification of PD 

types. On the signal processing side, the integration of AI-assisted decision-support algorithms is also 

proposed. These improvements could enhance detection accuracy and facilitate the systemôs integration 

into predictive maintenance planning processes. 
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¥zet: Elektrik daĵētēm sistemlerinde, enerji kesintisi gibi olaĵan dēĸē durumlar meydana geldiĵinde, daĵētēm 

merkezlerinde bulunan koruma rºleleri, sensºrler ve IoT cihazlarēnēn belirli bir s¿re daha ­alēĸmaya devam etmesi 

b¿y¿k ºnem taĸēmaktadēr. Bu ama­la, daĵētēm merkezlerinde redresºr sistemleri kullanēlarak, ak¿ gruplarē 

aracēlēĵēyla sistemin yedek enerjiyi kullanmasē saĵlanmaktadēr. Redresºrler, alternatif akēmē doĵru akēma 

­evirerek ak¿leri beslemekte ve enerji kesintisi sērasēnda bu ak¿ler aracēlēĵēyla sistemin beslenmesini 

s¿rd¿rmektedir. Ancak, sahada yaygēn olarak kullanēlan bir­ok redresºr sistemi, dahili olarak modern haberleĸme 

protokollerini ð ºzellikle end¿stride sēk­a tercih edilen MODBUS RTU protokol¿n¿ desteklememektedir. Bu 

durum, redresºr sistemlerinin SCADA ve IoT tabanlē uzaktan izleme platformlarēna entegre edilmesini ve bu 

sistemlerden ger­ek zamanlē veri alēnmasēnē zorlaĸtērmaktadēr. Bu eksiklik, enerji s¿rekliliĵinin takibi ve ak¿ 
saĵlēĵēnēn uzaktan kontrol¿ gibi konularda ºnemli bir engel teĸkil etmektedir. Bu ­alēĸmada, mevcut redresºr 

sistemlerine entegre edilebilecek, maliyet etkin ve harici bir donanēm geliĸtirilmiĸtir. Geliĸtirilen sistem, redresºre 

baĵlē ak¿ grubunun gerilim ve akēm deĵerlerini ºl­ebilmekte, bunun yanēnda ak¿lerin doluluk durumu (State of 

Charge - SoC) ve saĵlēk durumu (State of Health - SoH) gibi kritik parametreleri hesaplayabilmektedir. ¥l­¿len 

veriler MODBUS RTU haberleĸme protokol¿ aracēlēĵēyla IoT cihazlara iletilmekte ve bºylece merkezi SCADA 

sistemleri ¿zerinden izlenebilir hale gelmektedir. Donanēm laboratuvar ortamēnda test edilmiĸ ve sim¿le edilmiĸ 

saha koĸullarēnda g¿venli bi­imde ­alēĸtēĵē gºzlemlenmiĸtir. Bu ­ºz¿m sayesinde, mevcut redresºr sistemlerinin 

tamamen deĵiĸtirilmesine gerek kalmaksēzēn, modern haberleĸme altyapēlarēna entegrasyonu saĵlanmakta, bakēm 

planlamalarē daha verimli yapēlmakta ve olasē arēzalara karĸē erken m¿dahale imk©nē sunulmaktadēr. Sonu­ 

olarak, geliĸtirilen sistem; daĵētēm merkezlerinde kullanēlan g¿­ kaynaklarēnēn daha etkin izlenmesini saĵlamanēn 

yanē sēra, enerji s¿rekliliĵini artērmaya ve bakēm maliyetlerini azaltmaya yºnelik somut katkēlar sunmaktadēr. Bu 

­alēĸma, klasik sistemleri dijitalleĸtirerek akēllē enerji daĵētēmē yºn¿nde atēlmēĸ ºnemli bir adēmdēr. 

Anahtar Kelimeler: Elektrik Daĵētēm Sistemleri, Redresºr Ķzleme, Ak¿ Saĵlēĵē, Uzaktan Ķzleme, Modbus 

Haberleĸme, Iot Cihazlarē, Scada Entegrasyonu, Soc, Soh, Enerji S¿rekliliĵi, Donanēm Tasarēmē, End¿striyel 

Haberleĸme 

 

Remote Monitoring of Rectifiers and Battery Condition Analysis in the Electric Distribution Sector 

 

Abstract: In electrical power distribution systems, ensuring the continued operation of protective relays, sensors, 

and IoT devices in substations during power outages is of critical importance. To maintain this continuity, rectifier 

systems are commonly used to provide backup energy by charging battery groups. These systems convert 

alternating current (AC) into direct current (DC) to charge the batteries, which then supply power when the main 

grid is unavailable. However, most rectifier systems currently in use lack integrated support for modern industrial 
communication protocols, particularly MODBUS RTU. This shortcoming significantly limits their ability to 

interact with IoT-based monitoring devices and SCADA platforms, making it difficult to remotely access real-time 

data such as voltage, current, battery charge level (State of Charge - SoC), and battery health status (State of 

Health - SoH). As a result, system operators must rely on periodic manual inspections, which increases operational 

costs and delays fault detection. To address this issue, a cost-effective external monitoring hardware was 

developed in this study. The device is designed to be easily integrated into existing rectifier systems and is capable 

of measuring essential electrical parameters such as output voltage and current. Furthermore, it estimates SoC 

and SoH metrics and transmits the data via MODBUS RTU to IoT devices, which can then relay the information 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 74 

to central SCADA systems. The system was tested under laboratory conditions and demonstrated stable 

performance under simulated field scenarios. This approach enables legacy rectifier systems to be upgraded with 

remote monitoring capabilities without requiring full system replacement. Ultimately, the proposed solution 

enhances energy reliability, improves maintenance planning, and enables early fault detection. It offers a practical 

path for integrating traditional power equipment into modern digital energy management frameworks and 

represents a meaningful step toward smarter, more resilient power distribution networks. 

Keywords: Power Distribution Systems, Rectifier Monitoring, Battery Health, Remote Monitoring, Modbus 

Communication, Iot Devices, Scada Ķntegration, Soc, Soh, Energy Continuity, Hardware Design, Industrial 

Communication 

 

INTRODUCTION  

Today, the growing dependence on electrical energy in both individual life and industrial processes has 
made the continuity and quality of energy supply more critical than ever before. Power transmission and 

distribution infrastructures are becoming increasingly complex, especially in densely populated urban 

areas, and are subject to rising expectations for reliability. In this context, electrical distribution 

substations not only serve as nodes for directing and transmitting energy but also host critical 

components responsible for ensuring the overall safety, stability, and observability of the system. 

Faults occurring in power distribution systems, whether due to planned or unplanned outages or sudden 

voltage fluctuations caused by environmental conditions, can negatively impact not only end-users but 
also the systemôs ability to protect and monitor itself. In such abnormal situations, it is vital that 

protective relays, measurement sensors, communication modules, and especially IoT-based monitoring 

units in distribution substations continue to operate for a certain period. This continuity is essential for 
fault detection and timely intervention. To ensure such resilience, substations are typically equipped 

with rectifier systems and battery banks as backup energy sources. 

Rectifier systems are key components that convert alternating current (AC) into direct current (DC) to 

charge battery banks, enabling the system to continue operating during power outages. However, many 
rectifier systems currently in use do not support modern communication protocolsðparticularly the 

MODBUS RTU protocol, which is widely adopted in industrial automation. This limitation significantly 

hampers the integration of rectifier systems into SCADA systems and IoT-based monitoring platforms. 
As a result, critical battery parameters such as voltage, current, state of charge (SoC), and state of health 

(SoH) cannot be monitored remotely, leading to delays in maintenance planning and reduced ability to 

predict potential failures in advance (Chakraborty, Roy, & Sinha, 2020). 

This study presents an innovative and cost-effective hardware solution designed to overcome these 
technical limitations. The developed system can be integrated with existing rectifiers without requiring 

any modification, continuously measure voltage and current values of battery banks, and calculate 

essential parameters such as SoC and SoH. The collected data is transmitted securely to IoT devices or 
centralized SCADA systems via the MODBUS RTU protocol, enabling real-time monitoring of backup 

power systems in the field. 

Laboratory tests and simulated field conditions have demonstrated the reliability and applicability of the 
hardware. The proposed solution allows for the integration of legacy rectifier systems into digital 

monitoring infrastructures without the need for complete replacement. This approach enables improved 

energy continuity, more efficient maintenance planning, and quicker response to potential faults. 

In conclusion, this study represents a concrete step toward building a smarter and more sustainable 
power distribution system by digitalizing conventional energy infrastructures. The developed hardware 

not only offers a technical enhancement but also contributes to making energy management processes 

more transparent, traceable, and data-driven (Fang, Misra, Xue, & Yang, 2012). 

METHOD  

In this study, a low-cost external monitoring hardware system capable of communicating via the 

MODBUS RTU protocol has been developed to be integrated into existing rectifier systems. The system 
architecture is structured around four core components: system design, circuit design, embedded 
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software development, and the Coulomb Counting method used for SoC/SoH estimation. Each 

component has been designed to complement one another, enhancing both functionality and reliability. 

System Design 

During the system design phase, the focus was placed on accurately and reliably acquiring the essential 

electrical parametersðvoltage and currentðfrom the rectifier system. For voltage measurement, a 

conventional and dependable method utilizing a resistive voltage divider was implemented. Carefully 
selected precision resistors scaled down the high voltage levels to a safe range suitable for the 

microcontrollerôs ADC input, enabling high-accuracy monitoring. For current measurement, a low-

resistance shunt resistor (1.636 mÝ) was integrated into the DC current path. The voltage drop across 
the shunt resistor was differentially measured, and the resulting current values were used for computing 

the State of Charge (SoC) and State of Health (SoH) of the battery. An ARM Cortex-M4-based 32-bit 

STM32F407VGT6 microcontroller was selected as the processing unit for data acquisition, control 

algorithm execution, and communication functions. This microcontroller offers sufficient computational 
capacity and supports various peripherals (ADC, UART, Timer, etc.), making it well-suited for system 

requirements. To establish communication with external systems, the widely adopted industrial 

MODBUS RTU protocol was implemented. The MAX485 transceiver was used to enable RS-485 
physical layer communication, offering reliable differential data transmission in noisy, long-distance 

industrial environments. The systemôs overall architecture and inter-component communication are 

illustrated in Figure 1 (STMicroelectronics, 2021). 

 

 

Figure 1. Block Diagram of the System 

 

Circuit Design 

The circuit design process began with the development of the current measurement circuit. A 1.636 mÝ 
shunt resistor was placed in the current path, generating a very low voltage signal due to its low 

resistance. Since this signal could not be accurately read by the ADC in its original form, it was amplified 

using a non-inverting operational amplifier circuit with a gain of approximately 22.277. The schematic 

of the current measurement circuit is shown in Figure 2. 

 

 

Figure 2. Current Measurement Circuit 
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Voltage measurement was implemented using a voltage divider network designed specifically for a 

110VDC rectifier system. The related voltage measurement setup is provided in Figure 3. 

 

 

Figure 3. Voltage Measurement Circuit 

 

The system was developed and tested using the STM32F4 Discovery board, which features the 

STM32F407VGT6 microcontroller. This board is shown in Figure 4. 

 

 

Figure 4. STM32F4 Discovery Board 

 

The MAX485 IC, responsible for MODBUS communication, is depicted in Figure 5. 

 

 

Figure 5. MAX485 Transceiver IC 
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Embedded Software Development 

The embedded software was developed using STM32CubeIDE for the STM32F407VGT6 
microcontroller. The software includes functionalities for voltage and current measurements, SoC and 

SoH estimation, MODBUS RTU communication, and data visualization on an OLED screen. For 

acquiring voltage and current values, the microcontroller's ADC module was configured to work with 
Direct Memory Access (DMA), significantly reducing CPU load by performing background data 

transfers. Additionally, the acquired ADC values were processed through a Kalman filter to smooth out 

signal noise and improve stability. For MODBUS RTU communication, a timer interrupt mechanism 
was implemented to periodically transmit data. On the receiving side, the DMA feature was again 

utilized to allow seamless, processor-independent data reception. OLED screen updates were also 

scheduled using timer interrupts, ensuring periodic and non-blocking data display for real-time 

monitoring. Sample code sections for MODBUS communication, Kalman filtering, and OLED display 

routines are provided in Figures 6, 7, and 8, respectively. 

 

 

Figure 6. MODBUS Communication Code 

 

 

Figure 7. Kalman Filter Implementation 
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Figure 8. OLED Display Code 

 

Coulomb Counting Method 

A widely used approach for estimating the batteryôs State of Charge (SoC) is the Coulomb Counting 
method. In this technique, the current flowing into or out of the battery is integrated over time to 

determine the change in total charge, thereby estimating the SoC. The current is sampled at regular 

intervals, and the charge is accumulated relative to an initial SoC value. The method is mathematically 

expressed in Equation 1 (Mohan, Undeland, & Robbins, 2002): 

 

Ὓέὅὸ Ὓέὅὸ ᷿Ὅ Ὠ  (Equation 1) 

 

Here Ὓέὅὸ  is the initial state of charge, ὅ , is the nominal battery capacity in ampere-hours (Ah), 

and Ὅ  represents the current as a function of time. In practice, this integral is approximated numerically 

by the microcontroller based on discrete sampling intervals. The SoC value obtained via this method 

serves as a critical parameter for monitoring energy continuity and ensuring optimal battery usage 

(Karden et al., 2007). 

RESEARCH FINDINGS AND DISCUSSION 

To evaluate the accuracy and reliability of the developed system, testing procedures were carried out 

using the laboratory facilities of the YEDAķ Distribution Technologies and R&D Department. During 

testing, the measurement accuracy of current, voltage, State of Charge (SoC), and State of Health (SoH) 
was assessed using an M133C 3F Power & Energy Calibrator. The experiments were conducted under 

voltage levels of 110ï120 V and current levels of 5ï6 A (Figure 10), with the experimental setup shown 

in Figure 9. To verify the accuracy of the current measurement circuit, a 5 A DC current was applied 
through a 1.636 mÝ shunt resistor. Under these conditions, a theoretical voltage drop of approximately 

8.18 mV is expected across the shunt. This low-level signal was amplified using a non-inverting 

operational amplifier with a gain of approximately 22.277, resulting in an expected output of about 

182.2 mV. A multimeter measurement yielded 182.5 mV, showing excellent agreement with the 
theoretical value (Figure 11). Under the same conditions (111 V / 6 A), the STM32F407VGT6 

microcontroller measured current and voltage using its ADC module, recording values of 6 A and 111 

V respectively (Figure 12). These results confirm that the system is capable of high-precision 
measurement. Minor deviations observed are attributed to environmental noise and analog component 
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tolerances. The results demonstrate that the measurement subsystem is valid and that the developed 

hardware operates reliably. Furthermore, communication via the MODBUS RTU protocol was 

successfully verified, and the measured data was transmitted in a manner compatible with SCADA 
systems. Periodic data display on the OLED screen was also successfully implemented using timer 

interrupts, enabling real-time visual feedback (Figure 12). 

 

 

Figure 9. Experimental Setup 

 

 

Figure 10. Applied Current and Voltage Levels 

 

 

Figure 11. Amplified Voltage Output from Shunt Resistor 
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Figure 12. Measured Values Displayed on OLED 

 

CONCLUSION 

In this study, an external embedded hardware system was developed to enable the integration of 
rectifiers used in electrical distribution systems into modern monitoring and communication 

infrastructures. Through this system, MODBUS RTU communication capabilityðwhich is absent in 

most existing rectifier systemsðhas been added, allowing backup energy systems in the field to be 

monitored via SCADA and IoT platforms. The developed system can measure the voltage and current 
of battery banks in real time, and based on this data, it calculates critical parameters such as the SoC and 

SoH. Notably, the implementation of SoC estimation based on the Coulomb Counting method has 

provided significant advantages for maintaining energy continuity. As a result of the test and calibration 
processes, the system demonstrated high measurement accuracy and strong consistency with theoretical 

values. Furthermore, hardware and software optimizations such as ADC-DMA integration, timer-based 

interrupts, and low-level signal amplification contributed to a resource-efficient and high-performance 
design. The successful implementation of MODBUS RTU communication and local visualization via 

an OLED display enhanced the systemôs ability to be monitored both remotely and on-site. Ultimately, 

the developed hardware solution allows for the digital integration of legacy rectifier systems without 

requiring complete replacement. This offers a cost-effective approach that contributes to improved 
energy continuity monitoring, optimized maintenance operations, and earlier fault detection. The study 

represents a concrete step toward the digital transformation of traditional energy infrastructures and sets 

a precedent for similar applications. In future work, it is planned to deploy and test the system in a real-

world electrical distribution substation environment. 
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¥zet: Bu ­alēĸmada, Kalēcē Mēknatēslē Senkron Motorun (KMSM) nominal hēzēnēn altēnda, nominal hēzēnda ve 

¿zerindeki ­alēĸma rejimlerinde sergilediĵi elektriksel tepkiler analiz edilmiĸtir. Motor davranēĸē, 1000ï5000 rpm 

aralēĵēnda, PI denetleyici tabanlē Alan Yºnlendirmeli Kontrol (FOC) yapēsēna entegre edilen alan zayēflatma 

tekniĵi ile MATLAB/Simulink ortamēnda sim¿le edilmiĸtir. Modelde, motorun nominal hēzē 3000 rpm olarak 

tanēmlanmēĸtēr. Yalnēzca FOC yºntemi uygulandēĵēnda, motorun nominal hēzēn ¿zerinde ­alēĸmasē gerilim limitleri 

nedeniyle kēsētlanmaktadēr. Bu durum ºzellikle y¿ksek hēzlē tahrik sistemlerinde ºnemli bir kēsēt oluĸturur. Bu 

­alēĸmada, mevcut FOC yapēsēna alan zayēflatma stratejisi entegre edilerek sºz konusu kēsētēn aĸēlmasē hedeflenmiĸ 

ve bºylece ilgili kontrol yaklaĸēmēnēn daha geliĸmiĸ ve uygulanabilir bir versiyonu ortaya konmuĸtur. Nominal 

hēzēn ¿zerindeki ­alēĸma koĸullarēnda d-ekseni akēm bileĸenine negatif referans verilerek rotorun manyetik akēsē 
sēnērlandērēlmēĸ; her bir hedef hēz deĵeri i­in rotorun ger­ek hēzē ile d-q eksenlerindeki akēm bileĸenleri 

gºzlemlenmiĸtir. Alan zayēflatma tekniĵi sayesinde, gerilim sēnērlarēnē aĸmadan uygulanan negatif d-ekseni akēmē 

ile manyetik akē etkin bi­imde zayēflatēlarak motorun daha y¿ksek hēzlara ulaĸmasē saĵlanmēĸtēr. Sim¿lasyon 

sonu­larēna gºre, alan zayēflatma tekniĵi uygulanmadan motor 3000 rpmôye kadar kararlē bi­imde ­alēĸabilmiĸ, 

bu sēnērēn ¿zerinde ise alan zayēflatma aktif hale gelmiĸtir. 3000, 4000 ve 5000 rpm referans hēzlarē i­in uygulanan 

maksimum negatif i_d akēmē sērasēyla ï4 A, ï64 A ve ï72 A olarak gºzlemlenmiĸtir. Alan zayēflatmanēn etkili 

olduĵu bu rejimlerde sistemin gerilim limiti aĸēlmadan ­alēĸtēĵē ve motorun daha y¿ksek hēzlara baĸarēyla ulaĸtēĵē 

belirlenmiĸtir. Ayrēca, 5000 rpmôde elde edilen %0.08ôlik aĸēm y¿zdesi ve 0.61 saniyelik yerleĸme s¿resi, kontrol 

yapēsēnēn y¿ksek hēzda dahi kararlē, hēzlē ve aĸērē salēnēmsēz ­alēĸtēĵēnē gºstermektedir. Bu yºn¿yle sunulan kontrol 

stratejisi, ºzellikle y¿ksek hēzlē tahrik sistemleri i­in uygulanabilir, g¿venilir ve verimli bir ­ºz¿m sunmaktadēr. 

Anahtar Kelimeler: Kalēcē miknatēslē Senkron Motor, Alan Yºnlendirmeli Kontrol, Alan Zayēflatma Stratejisi, 

¦retilen Tork Deĵeri, D-Q Eksen Akēmlarē 
 

Analysis of Permanent Magnet Synchronous Motor Behavior Under Field-Oriented Control 

 

Abstract: In this study, the electrical responses of a Permanent Magnet Synchronous Motor (PMSM) were 

analyzed under itôs nominal speed , at, and above its nominal speed. The motor behavior within the range of 1000ï

5000 rpm was simulated in the MATLAB/Simulink program using a PI controller-based Field-Oriented Control 

(FOC) structure integrated with a field weakening technique. In the model, the nominal speed of the motor was 

defined as 3000 rpm. When only the FOC method is applied, the operation of the motor above its nominal speed 

becomes limited due to voltage constraints. This presents a significant limitation, particularly for high-speed drive 

systems. In this study, a field weakening strategy was integrated into the existing FOC structure to overcome this 

limitation, thereby presenting a more advanced and applicable version of the control approach. Above the nominal 
speed, a negative reference was applied to the d-axis current unit to weaken the rotor magnetic flux; for each 

target speed value, the actual rotor speed and the d-q axis current components were observed. Through the field 

weakening technique, the magnetic flux was effectively reduced by applying a negative d-axis current without 

exceeding the voltage limits, enabling the motor to reach higher speeds. According to the simulation results, the 

motor was able to operate stably up to 3000 rpm without the need for field weakening, while the field weakening 

strategy became active beyond this threshold. The maximum negative i_d currents applied for reference speeds of 

3000, 4000, and 5000 rpm were observed to be ï4 A, ï64 A, and ï72 A, respectively. In these regimes where field 

weakening was effective, the system operated without exceeding voltage limits and successfully reached higher 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 83 

speeds. Additionally, at 5000 rpm, an overshoot of only 0.08% and a settling time of 0.61 seconds were recorded, 

demonstrating that the control structure maintained a fast, stable, and overshoot-free performance even at high 

speeds. In this respect, the proposed control strategy offers a practical, reliable, and efficient solution for high-

speed drive applications. 

Keywords: Permanenet Magnet Synchronmotor, Field Oriented Control, Field Weakening, Torque Values 

Produced, D,q Axis Currents 

 

1.GĶRĶķ 

G¿n¿m¿zde teknoloji alanēndaki hēzlē geliĸmeler, end¿striyel tahrik sistemlerinin de dºn¿ĸ¿m 

ge­irmesine neden olmuĸtur. Bu geliĸmelerin bir sonucu olarak, motor kontrol teknikleri evrilmiĸ ve 
daha geliĸmiĸ motor yapēlarē ¿zerine olan ilgi giderek artmēĸtēr. Reaktif g¿­ ihtiyacē y¿ksek olan ve 

y¿ksek moment-aĵērlēk oranē gerektiren uygulamalarda yetersiz kalan asenkron motorlar, bazē modern 

end¿striyel ihtiya­lara yanēt verememektedir. Bu doĵrultuda, y¿ksek g¿­ yoĵunluĵu, y¿ksek tork 

¿retimi ve y¿ksek verimlilik gibi avantajlarēyla Kalēcē Mēknatēslē Senkron Motorlar (KMSM), hem 

akademik ­alēĸmalarēn hem de end¿striyel uygulamalarēn odak noktasē haline gelmiĸtir. (Dalkēn 2016). 

KMSMôlerde rotor ¿zerinde sargē yerine kalēcē mēknatēslarēn kullanēlmasē, fēr­a ve kolektºr gibi 

aĸēnmaya a­ēk mekanik elemanlara olan ihtiyacē ortadan kaldērarak bakēm gereksinimini azaltmēĸ ve 
g¿venilirliĵi artērmēĸtēr. Rotor sargēlarēnēn olmamasē, aynē zamanda uyarma kayēplarēnē da elimine 

ederek motorun termal kapasitesini y¿kseltmiĸ, bu da daha k¿­¿k hacimlerde daha y¿ksek g¿­ ¿retimini 

m¿mk¿n kēlmēĸtēr..Ayrēca, rotor sargēsē bulunmamasē sebebiyle bakēr kayēplarēnēn ortadan kalkmasē, bu 
motorlarēn asenkron motorlara kēyasla daha y¿ksek verimde ­alēĸmasēna olanak tanēmaktadēr. (¥z­ēra 

ve ark., 2012). 

1.1 KMSMônin Matematiksel Modeli 

Bu kēsēmda KMSMônin dïq eksenindeki matematiksel modeli ele alēnacaktēr. dïq ekseni modeli, ¿­ 
fazlē bir sistemin iki eksenli (doĵrultulmuĸ) dºnel bir referans ­er­evesine dºn¿ĸt¿r¿lmesini saĵlayarak, 

analiz ve kontrol iĸlemlerini kolaylaĸtēran bir yºntemdir. Bu modelin kullanēlmasē ile KMSMônin 

matematiksel modeli daha basit ve anlaĸēlēr hale gelir..ķekil 1ôde KMSMônin d-q eĸdeĵer devreleri 

gºsterilmiĸtir. 

 

ķekil 1.1: KMSMônin d-q eĸdeĵer devreleri (¢elik & K¿r¿m, 2013) 

 

Bu eĸ deĵer devrelerden, 

 

ὠ = ὙὭ +   - (1)  ‫ 

ὠ = ὙὭ +    + ‫   (2) 
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Burada; 6 ve 6 d-q eksen gerilimlerini (V), Ὥ ve Ὥ d-q ekseni akēmlarēnē (A), ɰ  ve ɰ  d-q eksen 

akēlarēnē (Wb) ve ʖ  rotorun a­ēsal hēzēnē (rad/s) gºstermektedir. 2 stator sargē direncini (Ý) 

gºstermektedir. 

ɰ  ve ɰ  d-q eksen akēlarē, aĸaĵēdaki gibi yazēlabilir. 

 

   = ὒὭ +    (3) 

   = ὒὭ (4) 

 

Eĸitlik (3)ôteki ɰ , kalēcē mēknatēsdan dolayē oluĸan karĸēlēklē manyetik akēdēr. , ve , ise ilgili 

kartezyenlerin ºz ind¿ktansēnē gºstermektedir. Denklem 3 ve 4, denklem 1 ve 2ôde yerine yazēlērsa d-q 

eksen gerilimleri aĸaĵēdaki gibi elde edilmektedeir. 

 

ὠ = ὙὭ +ὒ Ὥ - ‫ὒὭ (5) 

ὠ = ὙὭ + ὒ Ὥ + + ‫ὒὭ‫   (6) 

 

Motorun ¿rettiĵi elektromanyetik moment, eĸitlik (7)ó de gºsterilmektedir. 

 

Ὕ =  [ Ὥ -  Ὥ]  (7) 

 

Elektromanyetik moment denklemindeki p ifadesi motorun ­ift kutup sayēsēnē ifade etmektedir. Eĸitlik 

(3) ve (4)óteki ɰ  ve ɰ  akēlarē, (7)ôde yerine yazēldēĵēnda moment denklemi aĸaĵēdaki gibi elde 

edilmektedir. 

 

Ὕ =  [  Ὥ +(ὒ ὒ  ὭὭ]  (8) 

 

Bu denklemde, birinci terim mēknatēs tarafēndan ¿retilen momenti ikinci terim ise rel¿ktans momentini 

temsil eder. Y¿zey mēknatēslē PMSMôlerde , ve , eĸit olduĵundan, rel¿ktans momenti sēfērdēr. Bu 

durumda moment denklemi, 

 

Ὕ =  [  Ὥ ]  (9) 

 

Eĸitlik (9)óda elektormanyetik momentin sadece q eksen akēmēna baĵlē olduĵu gºr¿lmektedir. Bu 

nedenle kalēcē mēknatēslē senkron motorum monment kontrol¿nde q eksen akēmē dikkate alnmaktadēr. 

Motor modelinin durum uzay formunda gºsterimi ĸu ĸekilde elde edilmiĸtir:  

 

Ὕ - Ὕ = J.  + B.( ). ‫   (10) 

 

Burada J atalet momentini, B s¿rt¿nme katsayēsēnē, ʖ  ise elektriksel hēzē temsil etmektedir. 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 85 

2. Materyal ve Yºntem 

KMSMônin vektºr kontrol yºntemleri; alan yºnlendirmeli kontrol yºntemi, akē zayēflatma yºntemi ve 

doĵrudan moment kontrol yºntemi olarak ifade edilebilir. KMSM'lerin hassas hēz kontrol¿ne 
uygunluĵu, onlarē g¿n¿m¿z¿n end¿striyel ihtiya­larē i­in ideal bir ­ºz¿m haline getirmiĸtir. Bu 

motorlarēn kontrol¿nde yaygēn olarak tercih edilen Alan Yºnlendirmeli Kontrol (Field-Oriented 

Control- FOC) yºntemi, vektºr kontrol esasēna dayanmakta olup, d-q referans ekseni ¿zerinden tork ve 

akē bileĸenlerinin birbirinden baĵēmsēz ĸekilde kontrol¿n¿ saĵlar. (Erkara, 2020). 

FOC yºntemi, motorun nominal hēzēnēn altēndaki ve nominal hēz deĵerlerinde y¿ksek kontrol doĵruluĵu 

ve kararlēlēk saĵlarken; nominal hēzēn ¿zerindeki ­alēĸma koĸullarēnda sistem gerilimi sēnērlarēnē 
aĸmamak adēna ek stratejilere ihtiya­ duyar. Bu gereksinim doĵrultusunda geliĸtirilen alan zayēflatma 

(field weakening) stratejisi, d-eksenindeki akēm bileĸeninin negatif yºnde artērēlmasē yoluyla manyetik 

akēnēn zayēflatarak motorun daha y¿ksek hēzlarda ­alēĸabilmesini m¿mk¿n kēlar. Bu sayede sistem hem 

g¿venli hem de kararlē bir ĸekilde nominal hēzēn ¿zerinde ­alēĸtērēlabilir hale gelir. (Ustun, 2016). 

Bu ­alēĸmada, KMSM'nin 1000 ile 5000 d/dk (rpm) aralēĵēnda alan yºnlendirmeli kontrol ve alan 

zayēflatma stratejileriyle modellenmesi ve dinamik davranēĸlarēnēn incelenmesi ama­lanmēĸtēr. 

MATLAB/Simulink ortamēnda ger­ekleĸtirilen sim¿lasyonlar kapsamēnda, her bir referans hēz deĵerine 
karĸēlēk motorun rotorundan okunan ger­ek hēz deĵeri ve d-q eksen akēmlarē gºzlenmiĸtir. Motorun 

nominal hēzlarēn ¿zerindeki hēz seviyelerinde d ekseni akēmēnēn nasēl deĵiĸtiĵini gºzlemleyebilmek i­in 

FOC yapēsēna, akē zayēflatma yºntemi entegre edilmiĸtir. Sºz konusu kontrol yaklaĸēmēnē temel alan bir 
benzetim modeli oluĸturulmuĸ ve bu model ¿zerinden alan zayēflatma yºnteminin motorun hēzēna olan 

etkisi incelenmiĸtir. Geliĸtirilen benzetim modeline iliĸkin genel blok diyagram ķekil 2.1ôde 

gºsterilmiĸtir. 

 

 

ķekil 2.1: Kurulan Benzetim Modeli  

 

ķekil 2.1ôde KMSM FOC yapēsē ve alan zayēflatma stratejisini i­eren benzetim modeli gºsterilmektedir. 

Model temel olarak dºrt ana bileĸenden oluĸmaktadēr: giriĸ referans bloĵu, kontrol yapēsē, g¿­ 

elektroniĵi dºn¿ĸt¿r¿c¿s¿ ve motor y¿k sistemi. 

Modelin sol ¿st kºĸesinde yer alan Signal 1 bloĵu, sisteme uygulanacak referans hēz sinyalini (RPMReq) 

¿retir. Bu referans sinyal, kontrol algoritmasēnēn giriĸ parametresi olarak kullanēlmaktadēr. Kontrol 

bloĵuna iletilen bu sinyal ile, motorun ger­ek zamanlē ­ēkēĸē olan  motor hēzē (w_sens) bilgisi kontrolºr 

tarafēndan geri besleme olarak alēnmaktadēr. 

Kontrol bloĵu, alan yºnlendirmeli kontrol algoritmasēnē ve alan zayēflatma stratejisini bir arada 

barēndērēr. Motorun nominal hēz ¿zerindeki ­alēĸma koĸullarē i­in, d-eksenine ait referans akēmē negatif 
deĵerlere ayarlanarak manyetik alan zayēflatēlēr ve sistemin gerilim sēnērlarē i­erisinde ­alēĸmasē 

saĵlanēr. Kontrolºr¿n ­ēkēĸē olan d-q eksenindeki gerilim bileĸenleri, ters park dºn¿ĸ¿mleriyle ¿­ fazlē 
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sisteme (abc) dºn¿ĸt¿r¿lerek gate driver ¿zerinden g¿­ elektroniĵi dºn¿ĸt¿r¿c¿s¿ne (converter) 

gºnderilir. 

Modelin g¿­ katmanēnda yer alan DC kaynak, inverter beslemesini saĵlar. Buradaki converter bloĵu, 
kontrolºr¿n gºnderdiĵi anahtarlama sinyallerine gºre ¿­ fazlē gerilim ¿retimini ger­ekleĸtirir ve bu 

gerilimler doĵrudan PMSMôye uygulanēr. 

Motor bloĵunun ­ēkēĸēnda, a­ēsal hēz (w) bilgisii hesaplanarak hem kontrolºre geri besleme olarak 
gºnderilir hem de sim¿lasyon sērasēnda gºzlemlenmek ¿zere kayēt altēna alēnēr. Ayrēca, modeldeki 

Torque Source bloĵu, y¿k etkisinin modellenmesini saĵlar ve f(x) = 0 koĸulu ile y¿k torku sabitlenmiĸtir. 

2.1 FOC Kontrol Yapēsē  

Bu ­alēĸmada, KMSM hēz kontrol¿ i­in FOC yºntemi kullanēlmēĸtēr. FOC yapēsē i­erisinde iki katmanlē 

bir geri besleme denetimi uygulanmēĸtēr: dēĸ halka hēz kontrol¿ ve i­ halka akēm kontrol¿. FOC 

yapēsēnda, motorun hem hēzē hem de ¿­ fazlē akēmlarē kontrol altēnda tutulmak istenir. Bu, iki farklē 

kontrol hedefini aynē anda ger­ekleĸtirmek anlamēna gelir. Dēĸ Halka (Outer Loop) ï Hēz Kontrol¿, Ķ­ 
Halka (Inner Loop) ï Akēm Kontrol¿. Bu 2 geri besleme denetiminin blok diyagramē ĸekil 2.2 de 

gºsterilmiĸtir. 

 

 

ķekil 2.2: 2 Katmanlē Geri Besleme Denetimi 

 

2.1.1 Denetleyici Giriĸleri  

Kontrol bloĵuna aĸaĵēdaki geri besleme bilgileri ve referans sinyalleri giriĸ olarak verilmektedir: 

 RPMReq: Kullanēcē tarafēndan belirlenen referans hēz (devir/dakika) 

 iabc_sens: ¦­ fazlē stator akēmlarē (ºl­¿len) 

 w_sens: Rotorun a­ēsal hēzē (rad/s) 

 th_sens: Rotor pozisyonu (elektriksel a­ē) 

vdc_sens: DC sēnēr gerilimi (ºl­¿len) 

2.1.2 Denetleyici Yapēsē 

FOC yapēsē aĸaĵēdaki bloklardan oluĸmaktadēr: 

¶ Hēz Denetleyicisi (PI kontrolºr¿): Rotor hēzē ile referans hēz arasēndaki fark kullanēlarak hata 

sinyali oluĸturulur. Bu hata, PI kontrolºr tarafēndan iĸlenerek referans Ὥ akēmē ¿retilir. 

¶ Akēm Denetleyicileri (d-q ekseninde ayrē PI kontrolºrleri): Ὥ ve Ὥ referans akēmlarē ile ºl­¿len 

Ὥ ve Ὥ akēmlarē karĸēlaĸtērēlarak hata sinyalleri oluĸturulur. Her iki eksen i­in ayrē ayrē PI 

kontrolºrler ­alēĸēr ve elde edilen gerilim referanslarē ὠ ve ὠ hesaplanēr. 
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¶ Park Dºn¿ĸ¿mleri (Clarke & Park): ¥l­¿len ¿­ fazlē akēmlar Clarke ve Park dºn¿ĸ¿mleri ile d-

q eksenine dºn¿ĸt¿r¿l¿r. Hesaplanan kontrol gerilimleri tekrar abc sistemine ­evrilerek PWM 

mod¿l¿ne gºnderilir. 

2.1.3 Denetleyici ¢ēkēĸē ve Etki Noktasē 

Denetleyicinin ­ēkēĸē, inverter anahtarlama sinyallerinin ¿retimini saĵlayan PWM sinyalleridir. Bu 

sinyaller Gate Driver bloĵuna gºnderilerek inverterin anahtar elemanlarē tetiklenir. Bu ĸekilde kontrol 

edilen inverter ­ēkēĸ gerilimi, KMSM'ye uygulanēr ve motorun stator sargēlarēna ¿­ fazlē gerilim olarak 

iletilir.  

2.1.4 Sistem Ķ­indeki Kontrol Etkisi 

FOC algoritmasē, motorun tork ve hēz davranēĸēnē doĵrudan kontrol edebilmek amacēyla d-q 

eksenlerinde akēm bileĸenlerini ayrē ayrē yºnetir. ¥zellikle: 

d-ekseni akēmē Ὥ : Rotor manyetik akēsēnē belirler. Alan zayēflatma modunda negatif yapēlēr. 

q-ekseni akēmē Ὥ : Tork ¿reten bileĸendir. Hēz kontrol¿ i­in PI denetleyiciden elde edilir. 

Bu yapē sayesinde motorun tork ¿retimi ve y¿ksek hēzlara ­ēkēĸē kontroll¿ bir ĸekilde saĵlanmēĸ olur. 

Benzetim modelindeki yapēlarēn kēsaca tanēmlarē ve iĸlevleri aĸaĵēdaki gibidir: 

¶ "Control" Bloĵu: Hēz ve akēm denetleyicilerinin bulunduĵu, dºn¿ĸ¿mler ve PWM ¿retimi yapan 
ana kontrol ¿nitesidir. 

¶ "Gate Driver": PWM sinyallerini invertere aktaran s¿r¿c¿ katēdēr. 

¶ "Converter": ¦­ fazlē ­ēkēĸ gerilimi ¿reten inverterdir. 

¶ "Motor" Bloĵu: PMSM modelidir. Dºnme hēzē ve pozisyon bilgileri geri beslenerek kontrol 
yapēsēna gºnderilir. 

¶ "Torque Source": Y¿k momenti modelini temsil eder. Sim¿lasyon y¿k¿n¿ tanēmlar. 

3.BULGULAR  

ķekil 2.1ôde gºsterilen benzetim modeli ­alēĸtērēlmēĸtēr. Model ­alēĸtērēldēktan sonra scope bloĵunda 
bulunan veriler sim¿lasyon s¿resince gºzlenmiĸtir. Sim¿lasyon sonucu elde edilen grafikler referans ve 

ºl­¿len ger­ek hēz, ºl­¿len d ve q ekseni akēmlarēdēr. Yapēlan sim¿lasyonlarda sistem girdisi olarak 

referans hēz kullanēlmēĸ ve bu referans hēzē hedefleyerek ­alēĸtērēlan benzetim modelinin sonucu olarak 

ger­ek hēz, d ve q eksen akēmlarē elde edilmiĸtir. 

Sim¿lasyon ­alēĸmalarēna referans hēz girdisi 1000 d/d se­ilerek baĸlanmēĸtēr. Ve sonrasēnda 5000 d/d 

óya kadar referans hēz girdisi arttērēlmēĸtēr. Her referans hēz deĵeri i­in sim¿lasyon sonucu 2 farklē grafik 

elde edilmiĸtir. Benzetim modeli Simulink ortamēnda ­alēĸtērēlērken sim¿lasyon s¿resi 0.7s olarak 

tutulmuĸtur. 

 

ķekil 3.1 1000 d/d i­in Referans ve Ger­ek Hēz 
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ķekil 3.2 3000 d/d i­in Referans ve Ger­ek Hēz 

 

 

 

ķekil 3.3 5000 d/d i­in Referans ve Ger­ek Hēz 

 

ķekil 3.1ôde 1000 d/dk referans hēz uygulamasē altēnda motorun rotorundan elde edilen elektriksel hēzēn 

zamana baĵlē deĵiĸimi sunulmuĸtur. Ger­ek hēz eĵrisine karĸēlēk gelen mavi ­izgi incelendiĵinde, 
motorun ­alēĸtērēlmasēnēn ardēndan yaklaĸēk 0,077 saniye i­erisinde hedeflenen hēza ulaĸtēĵē ve sistemin 

bu noktadan sonra kararlē ĸekilde ­alēĸmaya devam ettiĵi gºzlenmiĸtir. Bu ge­iĸ s¿recinde, yaklaĸēk 

1014 d/dk seviyesine kadar ­ēkan hafif bir ge­ici taĸma oluĸmuĸtur. Sºz konusu deĵer, referansēn 

yaklaĸēk %1,4 ¿zerinde olup, sistem tarafēndan kēsa s¿rede sºn¿mlenmiĸ ve nominal deĵere ulaĸēlmēĸtēr. 

ķekil 3.2ôde 3000 d/dk referans hēz altēnda motorun 0ï0,7 s zaman aralēĵēndaki ger­ek hēz tepkisi 

verilmiĸtir. Elde edilen verilere gºre, motorun hedef hēza eriĸmesi yaklaĸēk 0,3 saniye s¿rm¿ĸt¿r. Bu 
esnada meydana gelen sēnērlē taĸma sonucu motor hēzē en fazla 3007 d/dk seviyesine ­ēkmēĸtēr. Bu deĵer, 

referans hēzēn yaklaĸēk %0,233 oranēnda aĸēldēĵēnē gºstermektedir. Ancak sistemin hēzlē tepki kabiliyeti 

sayesinde bu aĸēm kēsa s¿rede bastērēlmēĸ ve hēz kararlē bir ĸekilde 3000 d/dk deĵerine sabitlenmiĸtir. 

ķekil 3.3ôte 5000 d/dkôlēk referans hēz altēnda motorun ger­ek elektriksel hēz yanētē gºzlemlenmiĸtir. 
Motorun istenen deĵere eriĸme s¿resi bu senaryoda yaklaĸēk 0,61 saniye olarak belirlenmiĸtir. Bu 

periyot boyunca ger­ekleĸen taĸma ile hēz deĵeri 5004 d/dk seviyesine kadar ulaĸmēĸ ve yaklaĸēk 

%0,08ôlik bir aĸēm meydana gelmiĸtir. Bu durum, daha ºnceki hēz senaryolarē ile karĸēlaĸtērēldēĵēnda 
motorun referans hēza eriĸme s¿resinin uzadēĵēnē ortaya koymakta, y¿ksek hēzlardaki kontrol 

hassasiyetinin sistem yanēt s¿resine etkisini gºstermektedir. 
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ķekil 3.4 1000 d/d i­in d,q ekseni akēmlarē  

 

 

ķekil 3.5 3000 d/d i­in d,q ekseni akēmlarē  

 

 

ķekil 3.6 5000 d/d i­in d,q ekseni akēmlarē  
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ķekil 3.4 incelendiĵinde, sim¿lasyonun baĸlangē­ anēnda q ekseni akēm bileĸeninin olduk­a y¿ksek 

deĵerlere ulaĸtēĵē, ardēndan hēzlē bir d¿ĸ¿ĸ sergileyerek yaklaĸēk 0,153 saniye civarēnda kararlē bir 

seviyeye yerleĸtiĵi gºr¿lmektedir. Bu esnada d ekseni akēmē, sim¿lasyon s¿resince sabit bir ĸekilde sēfēr 
d¿zeyinde kalmēĸtēr. Ayrēca yaklaĸēk 0,401 saniyede, q ekseni akēmēnda belirgin bir artēĸ meydana 

gelmiĸ ve bu artēĸ kēsa s¿re i­inde 0,45 saniyede sabitlenerek yeni bir denge noktasēna ulaĸmēĸtēr. 

ķekil 3.5 óte yer alan verilere gºre, q ekseni akēmē motorun ilk hēzlanma anēnda y¿ksek deĵerler 
gºstermiĸ, bu durum motorun tork ¿retim s¿recini desteklemiĸtir. Hedef hēz olan 3000 d/dk'ya 

ulaĸēldēktan sonra ise q ekseni akēmē kademeli olarak azalmēĸ ve kararlē bir hale gelmiĸtir. Bu sērada d 

ekseni akēmē, yaklaĸēk 0,145 ile 0,228 saniye arasēnda negatif deĵerlere inmiĸtir. Bu gºzlem, alan 
zayēflatma stratejisinin bu zaman aralēĵēnda yaklaĸēk 0,082 saniye boyunca etkin olduĵunu 

gºstermektedir.  

ķekil 3.6'da ise, q ekseni akēmēnēn ilk 0,1 saniye i­erisinde 396 A seviyesine ulaĸtēĵē, sonrasēnda hēz 

artēĸēna baĵlē olarak gerilim limitlerinin etkisiyle ¿stel bir d¿ĸ¿ĸ gºsterdiĵi ve 1 saniyede yaklaĸēk 81 A 
seviyesine kadar gerilediĵi gºzlenmiĸtir. Aynē ĸekilde, d ekseni akēmē, 0,145 saniye itibarēyla negatif 

deĵerlere ge­erek yaklaĸēk ï80 A seviyelerine ulaĸmēĸ ve t¿m sim¿lasyon boyunca negatif d¿zeyde 

kalmēĸtēr. Bu durum, alan zayēflatma stratejisinin 0,885 saniye boyunca aktif kaldēĵēnē ve ºzellikle 

y¿ksek hēzlē ­alēĸma koĸullarēnda s¿rekli olarak devrede olduĵunu teyit etmektedir. 

Bu ­alēĸmada kullanēlan MATLAB/Simulink tabanlē modelde, motor ­ēkēĸēna baĵlanan ñTorque 

Sourceò bloĵu ¿zerinden sabit ve sēfēr deĵerli y¿k Nm uygulanmēĸtēr. Yani model, motorun y¿ks¿z 
­alēĸma koĸulu altēnda deĵerlendirilmiĸtir. Bu durum, motorun karĸēsēnda herhangi bir mekanik diren­ 

(y¿k) olmamasē anlamēna gelir ve bu sayede motor, referans hēz deĵerlerine ­ok daha kēsa s¿rede 

ulaĸabilmektedir. 

Grafiklerde gºzlemlenen 0,3 saniye gibi kēsa s¿relerde 3000 d/dk hēzēna eriĸim, doĵrudan bu y¿ks¿z 
­alēĸmanēn sonucu olarak ortaya ­ēkmaktadēr. Ger­ek uygulamalarda sistemin atalet momenti, s¿rt¿nme 

etkisi, y¿k momenti ve inverter ­ēkēĸ karakteristiĵi gibi faktºrler nedeniyle motorun hēzlanma s¿resi 

daha uzun olabilecektir. Ancak bu ­alēĸma, FOC ve alan zayēflatma stratejisinin dinamik cevap 
karakteristiĵi ¿zerindeki etkisini izole bi­imde analiz etmeyi ama­ladēĵēndan, y¿ks¿z koĸul tercih 

edilmiĸtir. Bºylece denetleyici yapēnēn kendi i­sel dinamikleri ve kontrol baĸarēmē daha net 

gºzlemlenebilmiĸtir. 

3.2 Elde Edilen Bulgularēn Literat¿r ile Karĸēlaĸtērēlmasē  

Bu ­alēĸmada, Kalēcē Mēknatēslē Senkron Motorun (KMSM) Alan Yºnlendirmeli Kontrol (FOC) yapēsē 

ile birlikte alan zayēflatma stratejisi uygulanarak, 1000 ila 5000 rpm aralēĵēndaki hēzlara karĸēlēk 

sistemin dinamik tepkisi analiz edilmiĸtir. Elde edilen bulgular, hem FOC yºnteminin performansē hem 
de alan zayēflatmanēn y¿ksek hēzlē rejimlerdeki etkisi a­ēsēndan mevcut literat¿rle karĸēlaĸtērēldēĵēnda 

dikkat ­ekici benzerlikler ve bazē ºzg¿n farklēlēklar i­ermektedir. 

FOC temelli kontrol yapēlarēnēn dinamik performansē ile ilgili olarak Erkara (2020) tarafēndan yapēlan 
­alēĸmada, FOC yºnteminin ºzellikle nominal hēz seviyesine kadar olduk­a kararlē ­alēĸtēĵē, ancak bu 

seviyenin ¿zerinde gerilim sēnērlarēnēn kontrol¿ zorlaĸtērdēĵē ifade edilmiĸtir. Benzer ĸekilde, bu bildiride 

3000 rpm'e kadar yapēlan sim¿lasyonlarda, alan zayēflatma stratejisi devreye alēnmadan motorun kararlē 

bi­imde ­alēĸtēĵē ve bu rejimde q-ekseni akēmē ile doĵrudan tork kontrol¿ saĵlandēĵē gºzlemlenmiĸtir. 

Bu yºn¿yle bulgular, Erkaraônēn tespitiyle doĵrudan ºrt¿ĸmektedir. 

¥te yandan, alan zayēflatma uygulamasēnēn etkinliĵi bakēmēndan literat¿rde genellikle kavramsal 

anlatēmlar bulunmakta, ancak bu yºntemin farklē hēz deĵerlerine gºre aktif kalma s¿resi ve uygulanan 
d-ekseni akēm b¿y¿kl¿ĵ¿ gibi detaylē sayēsal bulgulara daha az yer verilmektedir. Bu a­ēdan 

bakēldēĵēnda, bu ­alēĸmada 3000 rpmôden itibaren alan zayēflatma s¿resinin ºl­¿lm¿ĸ olmasē (ºrneĵin, 

3000 rpm i­in 0,082 s, 5000 rpm i­in 0,482 s) ve bu hēzlara karĸēlēk gelen maksimum negatif idi_did 
akēmlarēnēn ï4 A ile ï72 A arasēnda deĵiĸtiĵinin a­ēk bi­imde sunulmasē, literat¿re nicel katkē saĵlayan 

ºzg¿n bir yºn olarak ºne ­ēkmaktadēr. 

Ayrēca ¥z­ēra ve ark. (2012), FOC ve doĵrudan moment kontrol¿ (DTC) gibi teknikleri karĸēlaĸtērdēklarē 

­alēĸmalarēnda, PMSM motorlarēnēn hēzlē tepki verebilme ºzelliklerini vurgulamakla birlikte, genellikle 
y¿ksek y¿k koĸullarē altēnda sistem yanētlarēnē incelemiĸlerdir. Bu bildiride ise y¿ks¿z ­alēĸma koĸulu 
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altēnda sim¿lasyon yapēlmēĸ ve motorun bu koĸulda ­ok daha hēzlē yerleĸme s¿relerine ulaĸtēĵē 

gºsterilmiĸtir. ¥rneĵin, 1000 rpm i­in 0,077 s, 3000 rpm i­in 0,3 s ve 5000 rpm i­in 0,61 s gibi kēsa 

yerleĸme s¿releri elde edilmiĸtir. Bu deĵerler, doĵrudan fiziksel karĸēlaĸtērma i­in yeterli olmasa da, 

ideal koĸullar altēnda denetleyici baĸarēmēnē izole bi­imde deĵerlendirmeye olanak saĵlamaktadēr. 

Dalkēn (2016) tarafēndan ger­ekleĸtirilen ­alēĸmada, FOC ile saĵlanan hēz kontrol¿n¿n zamansal tepki 

karakteristiĵine dair genel yorumlar bulunmakla birlikte, bu bildirideki gibi ­oklu hēz seviyelerinde aĸēm 
y¿zdesi, yerleĸme s¿resi, zayēflatma s¿resi ve akēm deĵerlerinin birlikte tablolaĸtērēlmasē (¢izelge 4.1) 

daha detaylē bir sunum niteliĵindedir ve bu yºn¿yle literat¿rdeki benzer ­alēĸmalarla kēyaslandēĵēnda 

a­ēklēk ve karĸēlaĸtērēlabilirlik a­ēsēndan daha ileri d¿zeydedir. 

4.SONU¢ 

Bulgular bºl¿m¿nde yer alan grafikler temel alēnarak, FOC kontrol yapēsē ve alan zayēflatma 

stratejisinin sistem ¿zerindeki etkilerini yansētan kritik b¿y¿kl¿kler tespit edilmiĸtir. Bu belirleme 

s¿recinde Simulink yazēlēmē i­erisinde yer alan ñMeasurement Cursorò aracē kullanēlmēĸ; ilgili 
parametrelerin zaman eksenindeki anlēk deĵerleri ile karĸēlēk geldikleri b¿y¿kl¿kler detaylē bi­imde 

analiz edilerek ¢izelge 4.1ôde sunulmuĸtur. 

 

¢izelge 4.1. Sim¿lasyondan Elde Edilen ¥nemli Parametreler 

 

Referans 

Hēz 

 

Yerleĸme 

S¿resi (s) 

 

Aĸēm 

Y¿zdesi 
(%) 

 

Alan 

Zayēflatma 
S¿resi (s) 

 

Ὥ max 

(A) 

1000 rpm 0.077 (s) %1,4 Yok Yok 

2000 rpm 0.217 (S) %0,65 Yok Yok 

3000 rpm 0.3 (s) %0,233 0.082 s -4A 

4000 rpm 0.369 (s) %0.15 0.224 s -64A 

5000 rpm 0.61 (s) %0.08 0.482 s -72A 

 

Bu ­alēĸmada, Kalēcē Mēknatēslē Senkron Motor (KMSM) i­in uygulanan Alan Yºnlendirmeli Kontrol 
(FOC) ve alan zayēflatma stratejilerinin motorun dinamik performansē ¿zerindeki etkileri sayēsal olarak 

incelenmiĸtir. Sim¿lasyon sonu­larēna gºre, d¿ĸ¿k ve orta hēz aralēklarēnda (1000ï2000 rpm), sistemin 

kararlē duruma ge­iĸ s¿resi olduk­a kēsa olup, alan zayēflatma gerektirmeden referans hēzlara 

ulaĸēlmēĸtēr. Bu bºlgede tespit edilen aĸēm oranlarē %1,4 ve %0,65 gibi kabul edilebilir d¿zeydedir ve 

herhangi bir d-ekseni akēmē m¿dahalesine ihtiya­ duyulmamēĸtēr. 

Motorun nominal hēzē olan 3000 rpm'de, 0,3 saniyelik yerleĸme s¿resiyle birlikte %0,233 oranēnda 

sēnērlē bir taĸma gºzlemlenmiĸtir. Bu hēz deĵerinden itibaren sistem, gerilim sēnērlarēnē koruyabilmek 
adēna alan zayēflatma stratejisini aktif hale getirmiĸ; bu baĵlamda 0,082 saniyelik bir zayēflatma s¿resi 

ve ï4 A seviyesinde bir d-ekseni akēmē uygulanmēĸtēr. 

Daha y¿ksek hēz seviyelerine ­ēkēldēĵēnda (4000 ve 5000 rpm), hem yerleĸme s¿relerinin hem de alan 
zayēflatma s¿resinin belirgin ĸekilde arttēĵē gºr¿lm¿ĸt¿r. ¥zellikle 5000 rpmôde, sistemin referans hēza 

ulaĸmasē 0,61 saniyeyi bulmuĸ ve bu s¿re­ boyunca 0,482 saniye boyunca alan zayēflatma aktif kalarak 

ï72 Aôlēk maksimum d-ekseni akēmē uygulanmēĸtēr. Bu durum, alan zayēflatma stratejisinin y¿ksek hēz 

rejimlerinde daha uzun s¿reler ve daha y¿ksek d¿zeylerde devrede kaldēĵēnē a­ēk­a ortaya koymaktadēr. 

Sonu­ olarak, FOC yapēsēna entegre edilen alan zayēflatma yºntemi, motorun nominal hēz ¿zerindeki 

­alēĸma koĸullarēnda gerilim limitlerinin aĸēlmasēnē ºnlemiĸ ve sistemin kararlē ĸekilde referans hēz 

deĵerlerine ulaĸmasēnē saĵlamēĸtēr. Bu baĵlamda ­alēĸma, y¿ksek hēzlē s¿r¿ĸ gereksinimi olan 
uygulamalar i­in FOC ve alan zayēflatma stratejilerinin birlikte kullanēmēnēn etkinliĵini ortaya koymakta 

ve gelecekteki kontrol algoritmalarē i­in yol gºsterici nitelik taĸēmaktadēr. 
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¥zet: Bu ­alēĸma, ­oklu Ķnsansēz Hava Aracē (ĶHA) sistemlerinde merkezi kontrol yºntemiyle lider se­imi, gºrev 

daĵēlēmē ve geometrik formasyon oluĸturma s¿re­lerine odaklanmaktadēr. Geliĸtirilen sistemde, t¿m s¿r¿ 

¿yelerinin konum, hēz ve yºnelim bilgileri yer kontrol merkezinde toplanmakta ve karar alma s¿reci merkezi yapē 

¿zerinden y¿r¿t¿lmektedir. Lider ĶHA, yapay sinir aĵē (YSA) temelli bir karar modeli ile belirlenmekte ve s¿r¿n¿n 

t¿m hareketleri liderin yºnlendirmesiyle koordine edilmektedir. Lider se­iminde gºrev merkezine olan uzaklēk, 

yºn sabitliĵi ve hēz vektºrleri temel parametreler olarak dikkate alēnmēĸtēr. Formasyon kontrol¿ kapsamēnda, s¿r¿ 

bireylerinin ­izgi, ¿­gen, kare, hilal gibi geometrik yapēlarda dizilmesi hedeflenmiĸ ve atama iĸlemleri i­in 

Hungarian algoritmasē uygulanmēĸtēr. Bu yapēlar arasēnda ge­iĸlerde ­arpēĸma riskini azaltmak adēna yapay 

potansiyel alan yaklaĸēmēyla ­arpēĸma engelleme saĵlanmēĸtēr. Kontrol algoritmalarē MATLAB ortamēnda sim¿le 
edilmiĸ; ger­ek zamanlē uygulamalar i­in ise GAZEBO-ROS altyapēsēnda ­oklu ĶHA modellemeleri test edilmiĸtir. 

Geliĸtirilen sistemde Wi-Fi ¿zerinden yer istasyonundan her bireye Mavlink protokol¿ ile veri aktarēmē yapēlmēĸtēr. 

Sonu­lar, merkezi kontrol altyapēsēnēn d¿ĸ¿k gecikme s¿resiyle etkin bir gºrev daĵēlēmē ve koordinasyon 

saĵladēĵēnē gºstermiĸtir. Bu yºntem, keĸif-gºzetleme, alan tarama ve hedef takibi gibi gºrevlerde s¿r¿ 

performansēnē artērarak askeri ve sivil uygulamalar i­in ºnemli bir alternatif sunmaktadēr. 

Anahtar Kelimeler: Insansēz Hava Aracē (Iha), S¿r¿ Kontrol¿, Merkezi Kontrol, Lider Se­imi, Yapay Sinir Aĵē, 

Formasyon Kontrol¿, ¢arpēĸma Engelleme, Gºrev Atama 

 

Leader Selection and Formation Control in Swarm Uavs Supported by Artificial Intelligence 

 

Abstract: This study focuses on the leader selection, task allocation, and geometric formation control of multi-

Unmanned Aerial Vehicle (UAV) systems using a centralized control architecture. In the developed system, 
position, velocity, and orientation data of all UAVs are collected at a ground control station, and decision-making 

processes are executed centrally. The leader UAV is selected using a neural network-based decision model, and 

all swarm maneuvers are coordinated through this leader under the supervision of the control center. The selection 

process considers factors such as distance to mission center, heading stability, and velocity vectors. For formation 

control, the swarm is configured into geometric shapes such as line, triangle, square, and crescent, with 

assignments managed via the Hungarian algorithm. To reduce collision risks during formation transitions, a 

collision avoidance method based on Artificial Potential Field (APF) is employed. The algorithms are first 

modeled and tested in MATLAB and then verified in real-time through UAV simulations in the GAZEBO-ROS 

environment. Communication is maintained using Wi-Fi and the Mavlink protocol from the ground station to each 

UAV. Results demonstrate that the centralized control framework offers low-latency and efficient coordination, 

making it a viable method for reconnaissance, area scanning, and target tracking tasks. The system contributes to 

enhanced swarm performance, offering a promising approach for both military and civilian UAV applications. 

Keywords: Unmanned Aerial Vehicle (Uav), Swarm Control, Centralized Control, Leader Selection, Neural 

Network, Formation Control, Collision Avoidance, Task Assignment 
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1. INTRODUCTION  

In recent years, Unmanned Aerial Vehicles (UAVs) have been actively used in military, civilian and 

industrial missions, and research has intensified on the swarming of these systems in multiple 
configurations. UAV systems operating with swarm architecture stand out with their advantages such 

as high mission efficiency, area coverage and mission continuity (Bayēndēr, 2016). 

Swarm systems are generally based on distributed and centralized control approaches. In distributed 
systems, each UAV works as an individual decision maker, while the overall system is shaped by 

biologically inspired rules. Although this structure increases fault tolerance, it can cause coordination 

complexity (Olfati-Saber, 2006). Centralized systems, on the other hand, provide more controlled task 
management by linking decision-making processes to a ground station; however, this structure may 

create reliability problems due to the dependence on communication infrastructure (Beard & McLain, 

2012). 

One of the critical control elements in swarm systems is leader selection. In the literature, most of the 
time the leader is determined statically, which does not adequately adapt to the dynamism of the task. 

The use of artificial intelligence approaches in dynamic leader selection increases intra-swarm 

coordination and enables adaptive behavior (Zhou et al., 2020). In particular, artificial neural networks 
(ANNs) provide effective decision support for selecting the most suitable leader by evaluating factors 

such as location, speed, and task distance of individuals (Wang et al., 2015). 

In this study, an ANN-supported leader selection mechanism is proposed within a centralized control 
structure, and then the geometric formation and task assignment processes are supported by the 

Hungarian algorithm. In addition, an artificial potential field approach is integrated into the system to 

eliminate collision risks. The model was simulated in MATLAB and GAZEBO-ROS environments and 

its effect on flock coordination was analyzed. 

2. LEADER SELECTION  

In a swarm structure, it is very important to determine the leader UAV correctly in order to carry out the 

missions in an organized manner. In this study, a single layer artificial neural network (ANN) model is 
used for leader selection. The input layer contains the location, speed and distance of each UAV from 

the mission center, while the output layer produces the fitness score for each individual (Arē & Berberler, 

2018). With the activation function, the output values are normalized to the range of - 1 , 1 -1,1 and the 

value of 0 is prevented with the threshold value ◖. The individual with the highest score value is assigned 

as the leader UAV by the system and is taken as a reference in the formation process. 

 

 

Figure 2.1. Single layer artificial neural network model. 

 

In this study, a single layer artificial neural network (ANN) model is preferred instead of traditional "if-

then" rule-based decision structures for determining the swarm leader. The input parameters of the 
network consist of the distance of individuals to the global best position, target position information and 

weighted position values of these variables. As a result of the evaluation applied to the input vectors, 

the UAV with the output value closest to 1 is assigned as the leader. The system model is modeled under 
the assumption of a linear problem in scenarios where the number of UAVs is limited and the network 
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input parameters are low dimensional. Therefore, in the leader selection process, a single-layer structure 

that directly learns the input-output relationship was sufficient instead of a deep multi-layer structure. 

However, if the number of input variables increases or the system becomes more complex, this structure 
will be transformed into a multilayer artificial neural network (ML-NN) and will need to be trained with 

a back-propagation algorithm. Within the scope of the simulation studies, a training data set was created 

using the swarm control outputs and this data set was used in the learning process of the leader detection 
algorithm. The adequacy of the training data and the variety of parameters directly affect the 

generalization and prediction performance of the network. In this context, the accuracy of the model 

largely depends on the structure of the training data set. 

 

 

 

Figure 2.2. Swarm leader selection process network structure. 

 

In the hidden layer of the network structure shown in Figure 4.2, the tanh (tangent hyperbolic) function 

operating in the interval [-1,1] was used in the selection process of the activation function to be used.  

The activation function used for this operation, 

 

Ὢὼ ρ, (2.1) 

 

In each iteration, the weights are updated as follows, 

 

 

ύ  ύ ώz Ὡὶὶέὶ zὪὼ, (2.2) 

 

 

Figure 2.3. Example dataset result with leader selection learned. 
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3. FORMATION  CONTROL AND NEW FORMATION CREATION  

3.1. Formation Control  

In swarm systems, it is necessary for individuals to be arranged under a certain geometric structure in 
order to increase mission effectiveness and for collision-free navigation planning. For this purpose, 

formation generation was performed using a method based on analytic geometry. The formation 

structure is created by distributing the positions of the individuals around a predetermined reference 
point in three-dimensional space (x, y, z) according to certain rules. In formation planning, a local 

coordinate frame is defined for each formation type. This frame contains the center point of the 

formation and the positions of the elements around it. The center point is also used as the reference point 
of the formation. The formation geometry is built around this center in a symmetric or directional way. 

Positioning all individuals according to this coordinate system increases the structural stability of the 

swarm and directly contributes to task performance. For example, for a triangular formation, a center 

point (x , y , z ) is selected and new location points are placed at equal distances to the left and right of 
this point. In this way, the base of the triangle is determined, and the third point is positioned at a fixed 

height upwards from the midpoint of the base. According to these references, all UAVs are assigned 

target points and the role of each individual in the formation is fixed. 

The formation distribution is realized with the Hungarian algorithm to ensure the minimum total 

movement distance. Thanks to this algorithm, each UAV is assigned to the most suitable target point, 

thus ensuring fast and energy efficient completion of the formation. During the transition to the 
formation, collision avoidance algorithms are active as the individuals move towards the designated 

points. 

In addition, V-type and crescent formations with more complex geometries were also modeled. In the 

V-type formation, the leader UAV is located in the center and individuals are arranged at an angle along 
both flanks. The angle is determined by a fixed angle ɗ and individuals are equally spaced on the left 

and right wings. The crescent formation is based on the positioning of individuals along a semicircular 

curve, each individual is assigned to correspond to a specific angular position on the curve, and this 

structure is focused on the formation center. 

During the formation process, an appropriate control algorithm is needed for the individuals to reach the 

target points in a synchronized and stable manner. In this study, PD (proportional-derivative) control 

simulation is used to guide the UAVs to the target formation points. With this approach, each UAV 
moves by taking into account both its position error and speed difference. Thus, deviations and 

irregularities that may occur during formation are minimized. A similar approach has been successfully 

implemented in multiple quadrotor systems by Toksºz, Oĵuz and Gazi (Toksºz, Oĵuz & Gazi, 2016). 

 

Ὢό В ὖ ὖ ‏  ,    (3.1) 
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Figure 3.1. V formation transition, PD controller vectorial velocities (Kara­al, B. 2022). 

 

3.2. Line Pattern 

The main objective of the model is to put one UAV in the center with reference to the center of the 

UAVs and distribute the remaining UAVs equally to the left and right arms (Kara­al, B. 2022). 

‎: Determined formation distance between UAVs 

For left region; i = 1, ..., N/2, For right region; i= N/2, ..., N 

 

ὼ  ὼ ‎ Ὥ, (3.2) 

 

ώ ώ ,  (3.3) 

 

In determining the formation pattern, the x or y axis remained fixed and the other axis was translated by 

the distance determined to the center point of the UAVs. 

 

Table 3.1. Final UAV positions in the line formation. 

UAV NO X Y Z 

1 0,2 0,2 3,0 

2 5,2 0,2 3,0 

3 10,2 0,2 3,0 

4 -4,8 0,2 3,0 

5 -9,8 0,2 3,0 
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   (a)      (b) 

Figure 3.2. Simulation result of the line formation (a) perspective, (b) front. 

 

3.3. Triangle Formation 

To create the triangle formation, the center point is taken as a reference point and the right and left arms 

are added. For the requirement, 3 UAVs and 6 UAVs are added evenly to the center of the right and left 

arms. 

 

For the right zone; 

 

ὼ ὼ
ᶻ

, (3.3) 

ώ  ώ  Ὥ ‎ , (3.4) 

 

For the left region; 

 

ὼ ὼ
ᶻ

, (3.5) 

 

Table 3.2. Final positions of the triangular formation in simulation results. 

UAV NO X Y Z 

1 -2,2779 0,1789 3,0 

2 2,6912 0,2226 3,0 

3 -4,8024 -4,1630 3,0 

4 0,1729 4,5051 3,0 

5 5,1993 -4,1360 3,0 
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Figure 3.3. Triangle pattern. 

 

3.4. Assignment to Pattern Points 

In order to successfully implement formation structures, each UAV must be matched with one of the 
target points. In this matching process, a cost matrix is constructed based on the distance between each 

UAV and each formation point, and an assignment is made to minimize the total movement cost. The 

assignment problem is solved by the Hungarian algorithm. This algorithm provides a one-to-one 

mapping between n UAVs and n target points, resulting in a solution with the lowest total cost. Thus, 
UAVs are guided to their targets by the shortest possible routes, reducing mission time and energy 

consumption. The method is managed by a central control unit and the calculated assignment results are 

transmitted to the UAVs via Mavlink protocol. This process makes it possible to complete formation 

transitions synchronously and without overlap. 

 

ὅέίὸ ὖὭὖὮ, (3.6) 

 

 

Figure 3.4. Hungarian assignment algorithm. 
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Figure 3.5. Line formation assignment process. 

 

4. CONCLUSION AND DISCUSSION 

In this study, in order to realize mission coordination in swarm UAV systems under a centralized control 
architecture, leader selection is performed dynamically with a single layer artificial neural network 

(ANN) model; then geometric formation points are analytically defined and assigned to individuals with 

the Hungarian algorithm. An artificial potential field method is applied for collision avoidance during 

formation transitions. 

Simulation results show that the developed system completes the tasks with a high success rate while 

maintaining the integrity of the swarm. The ANN-based leader selection model, working together with 

the centralized control system, produced effective results in intra-swarm routing; reduction in task 
duration and stability in formation transitions were achieved. Moreover, the Hungarian algorithm 

optimized the formation process by minimizing the total distance and energy consumption. 

However, the dependency of the centralized control structure on the communication infrastructure limits 
the robustness of the system against network delays and single points of failure. Therefore, hybrid 

control architectures are recommended to increase fault tolerance, especially in large-scale swarms. The 

dependency of the ANN structure used in leader selection on the training data set is also an important 

factor affecting the system performance. 

In conclusion, the proposed control architecture has the potential to improve task efficiency in small and 

medium-sized swarm systems. In future studies, it is planned to test the model with distributed control 

systems and to make the leadership mechanism more flexible with multilayer neural networks or 

reinforcement learning. 
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¥zet: Bu ­alēĸma, s¿r¿ Ķnsansēz Hava Ara­larē (ĶHA) sistemlerinde merkezi kontrol mimarisi altēnda uygulanan 

­eĸitli s¿r¿ optimizasyon yºntemleri ve kontrol algoritmalarēnēn performans karĸēlaĸtērmasēnē sunmaktadēr. Temel 

kontrol algoritmasē olarak Par­acēk S¿r¿ Optimizasyonu (PSO) kullanēlmēĸ; bunun yanē sēra Kuĸ S¿r¿s¿ 

Algoritmasē (BSA), Yapay Arē Kolonisi (ABC), Yarasa Algoritmasē (BA) ve Ateĸ Bºceĵi Algoritmasē (FA) ile 

sistemin gºreve tepkisi, yakēnsama s¿resi, minimuma ulaĸma baĸarēmē ve iĸlem y¿k¿ gibi metrikler ¿zerinde 

deĵerlendirmeler yapēlmēĸtēr. Geliĸtirilen yazēlēm altyapēsē ile s¿r¿ ĶHAôlarēn konum, hēz ve yºnelim bilgileri, 

merkezi kontrol biriminden yºnetilmiĸ; Wi-Fi tabanlē iletiĸim aracēlēĵēyla, yer istasyonundan alēnan telemetri 

verileri kullanēlarak her bir ĶHAôya kontrol komutlarē iletilmiĸtir. ĶHAôlar arasē ­arpēĸma ºnleme i­in potansiyel 

fonksiyon temelli bir yaklaĸēm uygulanmēĸ, lider se­imi ise tek katmanlē yapay sinir aĵē modeliyle 
ger­ekleĸtirilmiĸtir. Geliĸtirilen t¿m algoritmalarēn analizleri, GAZEBO-ROS sim¿lasyon ortamēnda 

ger­ekleĸtirilmiĸ ve elde edilen bulgular ēĸēĵēnda, PSO algoritmasēnēn genel sistem baĸarēmē ve kararlēlēĵē 

a­ēsēndan diĵer yºntemlere kēyasla daha y¿ksek bir baĸarē saĵladēĵē tespit edilmiĸtir. FA ve BSA algoritmalarē ise 

daha d¿ĸ¿k hesaplama maliyetleri ve hēzlē tepkileriyle belirli senaryolar i­in uygunluk gºstermiĸtir. Bu ­alēĸma, 

s¿r¿ ĶHA sistemlerinde merkezi kontrol yaklaĸēmē altēnda farklē optimizasyon tabanlē kontrol yºntemlerinin 

uygulanabilirliĵini ve gºreve etkisini karĸēlaĸtērmalē olarak ortaya koymaktadēr. 

Anahtar Kelimeler: S¿r¿ Ķha, Merkezi Kontrol, Pso, Optimizasyon Algoritmalarē, ¢arpēĸma ¥nleme, Yapay Zeka, 

Sim¿lasyon 

 

Performance Analysis of Swarm Control Methods in Unmanned Aerial Vehicles 

 

Abstract: This study presents a comparative performance evaluation of various swarm optimization methods and 
control algorithms implemented within a centralized architecture for Unmanned Aerial Vehicle (UAV) swarms. 

Particle Swarm Optimization (PSO) is adopted as the baseline method and compared with Bird Swarm Algorithm 

(BSA), Artificial Bee Colony (ABC), Bat Algorithm (BA), and Firefly Algorithm (FA). Each algorithm is assessed 

in terms of convergence speed, task success rate, computational efficiency, and stability. A custom software 

framework enables centralized command and telemetry management over a Wi-Fi-based communication network, 

allowing real-time position and velocity control of swarm members. Collision avoidance is ensured using potential 

field functions, while leader selection is performed through a single-layer artificial neural network model based 

on mission requirements. All control approaches are implemented and evaluated in the GAZEBO-ROS simulation 

environment. Results indicate that PSO offers superior overall performance, while FA and BSA present advantages 

in terms of lower computational cost in simpler tasks. This work highlights the applicability and limitations of 

various centralized control strategies in swarm UAV coordination, offering practical insights for both military 

and civilian mission planning. 

Keywords: Uav Swarm, Centralized Control, Swarm Optimization, Pso, Control Algorithms, Artificial 

Ķntelligence, Simulation 

 

INTRODUCTION  



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 103 

The rapid development of Unmanned Aerial Vehicles (UAV) technology has increased the importance 

of swarm structures based on the coordinated operation of multiple UAV systems. These systems are 

widely used in applications such as military reconnaissance, border surveillance, disaster management 
and civil logistics. The effectiveness of control strategies in swarm UAV systems plays a direct 

determining role on mission success, system stability and resource utilization. 

Control architectures are generally divided into centralized and distributed structures. In centralized 
systems, all decisions are made by a single unit, while distributed systems rely on local interactions 

between individuals. While centralized control provides uniformity in decision quality, it may have 

limitations in terms of scalability and communication delays. In this context, centralized control 
architectures provide advantages in terms of task assignment and decision optimality (Khamis et al., 

2015). 

Among the methods used in swarm control, biologically inspired optimization algorithms stand out. 

These algorithms aim to achieve a balance of exploration and exploitation in problem solving by taking 
inspiration from collective action behaviors in nature. Methods such as Particle Swarm Optimization 

(PSO), Artificial Bee Colony (ABC), Bird Swarm Algorithm (BSA), Bat Algorithm (BA) and Firefly 

Algorithm (FA) have been successfully applied in multi-objective missions. For example, Karaboga and 
Basturk (2008) state that the ABC algorithm offers advantages such as implementation flexibility, 

robustness and low parameter dependency; however, it is also noted that the algorithm converges slowly 

in batch processes. 

In this paper, a comparative analysis of five different swarm optimization methods operating under a 

centralized control architecture is presented. Each algorithm is evaluated on performance criteria such 

as task success rate, convergence time, computational load and stability. The developed systems were 

tested in the GAZEBO-ROS simulation environment to systematically demonstrate the success of the 

algorithms under different conditions. 

METHOD  

General system architecture of the methods used in swarm control operations. Telemetry information 
(position, speed, etc.) received from UAVs is bridged with mavproxy via serial port. Mavproxy 

translates the read data to local and broadcasts from UDP or TCP protocols. By accessing this 

information in the ROS simulation, operations are performed with real data. The other method is to 

broadcast telemetry information directly from the Wi-Fi network and all UAV access points are gathered 

in a single station and connected by ROS through the router. 

 

 

Figure 2.1. System diagram used in flight tests. 

1.1. Particle Swarm Optimization (PSO) 
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Kennedy and Eberhart (1995) developed the Particle Swarm Optimization (PSO) algorithm for the 

optimization of nonlinear functions, a method based on a stochastic-based collective intelligence 

approach. PSO is an optimization method inspired by the foraging behavior of flocks of birds. Each 
"particle" represents a solution and acts in the direction of the best individual (pbest) and global (gbest) 

solutions. In the Particle Swarm Optimization (PSO) algorithm, the best solution position achieved by 

each particle in its own history is called personal best (pbest), while the best solution position achieved 
among all particles in the population is called global best (gbest). In each iteration of the algorithm, the 

velocity and position vectors of the particles are recalculated according to the current pbest and gbest 

values in accordance with certain update rules. 

 

ὠ ὧ ὶὲὨ ὴ  ὴ , (2.1) 

 

ὠ ὧ ὶὲὨ Ὣ  ὴ , (2.2) 

 

ὠ ύ ὠ ὠ ὠ , (2.3) 

 

Hereύ is the inertia coefficient,ὧ andὧ are the learning coefficients,ὶὲὨ andὶὲὨ are random 

numbers between [0,1],ὴ is the position of the particle andὠ is the velocity. New location 

1.2. Bird Swarm Algorithm (BSA)  

Meng et al. (2015) developed a new swarm intelligence algorithm called Bird Swarm Optimization 

(BSO/BSA) for solving optimization problems. This method is inspired by the social behaviors and 

interactions observed in bird flocks and is based on three basic biological behavior models, specifically 
foraging, vigilance and flight behaviors. The BSO algorithm defines four different search strategies 

based on five rules of thumb corresponding to these behaviors. Comparative simulations have shown 

that the proposed method achieves high performance on various standard optimization problems (Meng 

et al., 2015). 

Goal search formula (social interaction): 

 

ὼὸ ρ ὼὸ ὧ ὼ ὶὲὨ ὼὸ  ὼ ὸ , (2.4) 

 

Arousal behavior (leader following): 

 

ὼὸ ρ ὼὸ ὧ ὼ ὸ  ὼὸ , (2.5) 

 

1.3. Artificial Bee Colony (ABC) 

The ABC algorithm is based on the processes by which bees search for nectar sources and share 

information. Bees are divided into three roles: worker bees, scout bees and observers. 

New solution generation (worker bees), path planning: 

 

ὼ ὼ ὸ ᶮ ὼ  ὼ , (2.6) 

 

Here 
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¶ ὼ  available solution 

¶ ὼ  a different solution 

¶ ᶮ  ɴ[-1,1]: random number 

The selected solutions are evaluated by the observers according to their suitability values and directed 

towards better solutions. 

1.4. Bat Algorithm (BA)  

BA is based on the echo-orientation and navigation behavior of microbats. By sending sound waves, 

bats detect objects in their environment and change direction accordingly. Based on this biological 

principle, the frequency, speed and position of each individual are updated with the following formulas 

 

Ὢ Ὢ Ὢ  Ὢ ὼὶὲὨ, (2.7) 

 

ὺὸ ὺὸ ρ ὼὸ ρ  ὼz ὼ Ὢ, (2.8) 

 

ὼὸ ὼὸ ρ ὺὸ, (2.9) 

 

1.5. Firefly Algorithm (FA)  

FA is based on the behavior of fireflies to approach each other in response to light intensity. Each 
individual moves according to the brightness level of other individuals. Brightness is proportional to 

solution quality. Better solutions are considered brighter and other individuals gravitate towards them. 

The equation of motion is as follows: 

 

ὼὸ ὼ ‍Ὡ ὼ ὼ ‌‭, (2.10) 

 

‍: maximum attractiveness, 

‎: light absorption coefficient, 

ὶ: the distance between two individuals, 

‌: coefficient of randomness, 

‭ : random distribution function (usually [-1,1]). 

 

The FA algorithm produces fast results with its simple structure and low computational cost; however, 

its stability and success rate may be lower compared to algorithms such as PSO. 

PERFORMANCE ANALYSIS  

In this study, the vectorial method change of the PSO algorithm in MATLAB environment was tested 

with 4 iterations in order to observe the best position (Pbest) and best orientation (Gbest) in the swarm 

(Kara­al, B. 2022). 
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Figure 3.1. Vectorial simulation of PSO algorithm with 4 iterations 

 

The output results of the Michalewicz and Easom test functions, which are used to evaluate the global 

and local minimum detection ability of the PSO algorithm, are obtained under boundary values in the 
range of [0, 4] and operating conditions of 20 iterations. The optimization outputs of these functions are 

presented in Figure 3.2 and Figure 3.3 respectively. 

 

 

Figure 3.2. MICHALEWICZ function output for PSO minimization search. 
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Figure 3.3. EASOM function output for PSO minimization. 

 

In Figure 3.2 and Figure 3.3, in the function outputs of the PSO algorithm for the minimum search 

process, it is observed that particles are concentrated in the regions of the curves with the steepest slope 

(minimum). Particles clustered in these regions are represented in red on the graph. 

 

 

Figure 3.4. Performance comparison of two functions for finding the minimum. 

 

Particle: 50 

Iteration: 100 
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Figure 3.5. Testing different iterations and number of particles to find the minimum. 

 

Other swarm intelligence based algorithms such as Bird Swarm Algorithm (BSA), Artificial Bee Colony 

(ABC/ABA), Bat Algorithm (BA) and Firefly Algorithm (FA) were evaluated in the comparative 

analysis and their optimization performances were analyzed in a simulation environment by modeling 

them on a complex nonlinear test function, Michalewicz function. 

 

 

Figure 3.6. Swarm algorithms xy junction vector test results. 

 

As part of the comparative analysis, the performance of the Particle Swarm Optimization (PSO) 

algorithm was evaluated for different particle numbers, keeping the number of iterations constant. For 

this purpose, a total of 200 particles were initially generated to run for 100 iterations in each scenario, 
the initial positions of the particles were fixed, and the velocity update coefficients were randomized for 

each iteration and particle. In the experimental scenarios, the number of particles was changed to 5, 20, 

40, 50, 100 and 200, which directly affected the interaction between particles and the success of reaching 

the global best position. In the minimum search tests, it is observed that PSO and ABA/ABC algorithms 

Particle: 100 

Iteration: 100 
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can successfully reach the global minimum point in the simulations performed with reference to the 

Michalewicz function (Kara­al, B. 2022). 

CONCLUSION AND DISCUSSION 

When the results obtained are evaluated, it is observed that the time to reach the fixed target position in 

the search space decreases significantly with the increase in the number of particles used. In the Particle 

Swarm Optimization (PSO) algorithm, since the positions of the particles are dynamically updated at 
each iteration, the algorithm tends to generate new solution points around both global and local minima. 

Thanks to this structure, more solution regions are scanned when using a higher number of particles, 

and the system can reach the target faster and more consistently from fixed initial positions. This reveals 
that increasing the number of particles significantly improves the optimization performance, especially 

in scenarios where the initial positions are kept constant. 
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¥zet: K¿resel rekabetin ve ­evresel risklerin arttēĵē g¿n¿m¿zde, s¿rd¿r¿lebilirlik odaklē tedarik zinciri yºnetimi, 

sanayi kuruluĸlarē i­in stratejik bir ºneme sahiptir. Bu doĵrultuda, ¦r¿n Yaĸam Dºng¿s¿ Yºnetimi (PLM) 

sistemleri; ¿r¿n¿n tasarēmēndan geri dºn¿ĸ¿m¿ne kadar t¿m aĸamalarda ­evresel hedeflerle uyumlu veri ve s¿re­ 

yºnetimi imkanē sunmaktadēr. PLM ile tedarik zinciri s¿re­lerinin entegrasyonu, kaynak kullanēmēnēn optimize 
edilmesini, ­evresel etkilerin azaltēlmasēnē ve t¿m yaĸam dºng¿s¿ boyunca izlenebilirliĵin saĵlanmasēna imkan 

verir. Bu ­alēĸma, s¿rd¿r¿lebilir tedarik zinciri ve PLM entegrasyonunu dºng¿sel ekonomi perspektifinden ele 

almaktadēr. Aynē zamanda bu yapēnēn karbon ayak izini azaltma, verimlilik saĵlama ve yeĸil dºn¿ĸ¿m¿ destekleme 

potansiyelini deĵerlendirmektedir. Literat¿r taramasēna dayalē olarak PLM ­ºz¿mlerinin karbon takibi, malzeme 

se­imi ve ¿retim planlamasēna etkisi analiz edilmiĸtir. Elde edilen veriler, PLM tabanlē s¿rd¿r¿lebilirlik 

uygulamalarēnēn iĸletmelere ­evresel etkiyi azaltma, tedarik zincirinde ĸeffaflēĵē saĵlama ve dºng¿sel ¿retim 

prensiplerini destekleme yºn¿nde ºnemli katkēlar sunduĵunu gºstermektedir. Sonu­ olarak, dºng¿sel ekonomiye 

ge­iĸ s¿recinde PLM sistemlerinin tedarik zinciriyle entegre bi­imde kullanēmē, iĸletmelere s¿rd¿r¿lebilirlik 

hedeflerine ulaĸmada stratejik bir avantaj saĵlamaktadēr. 

Anahtar Kelimeler: S¿rd¿r¿lebilirlik, Tedarik Zinciri, Plm, Dºng¿sel Ekonomi, 

 

A Circular Economy Perspective On the Integration of Sustainable Supply Chain Management and Product 

Lifecycle Management (Plm) 

 

Abstract: In today's world, where global competition and environmental risks are on the rise, sustainability-

oriented supply chain management holds strategic importance for industrial enterprises. In this context, Product 

Lifecycle Management (PLM) systems offer the opportunity to manage data and processes in alignment with 

environmental goals across all stages of a product's lifecycleðfrom design to recycling. The integration of PLM 

with supply chain processes enables the optimization of resource usage, reduction of environmental impacts, and 

ensures traceability throughout the entire lifecycle. This study examines the integration of sustainable supply 

chains and PLM from the perspective of the circular economy. It also evaluates the potential of this integration to 

reduce carbon footprints, enhance efficiency, and support green transformation. Based on a literature review, the 
impact of PLM solutions on carbon tracking, material selection, and production planning is analyzed. The findings 

indicate that PLM-based sustainability practices make significant contributions to reducing environmental impact, 

ensuring transparency in the supply chain, and supporting circular production principles. In conclusion, the 

integrated use of PLM systems with supply chains during the transition to a circular economy provides businesses 

with a strategic advantage in achieving sustainability goals. 

Keywords: Sustainability, Supply Chain, Plm, Circular Economy 

 

GĶRĶķ 

21. Y¿zyēlda artan ­evresel baskēlar, kaynaklarēn t¿kenme riski ve iklim deĵiĸikliĵi gibi k¿resel 

sorunlar, iĸletmeleri daha s¿rd¿r¿lebilir ¿retim ve tedarik yapēlarē kurmaya zorlamaktadēr. Bu baĵlamda, 

s¿rd¿r¿lebilirlik sadece ­evresel bir sorumluluk olmaktan ­ēkēp, aynē zamanda rekabet g¿c¿, maliyet 
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avantajē ve kurumsal deĵer a­ēsēndan stratejik bir unsur haline gelmiĸtir. Ķĸletmelerin ­evresel, ekonomik 

ve sosyal s¿rd¿r¿lebilirlik hedeflerine ulaĸabilmeleri ise ancak b¿t¿nsel ve dijital olarak izlenebilir 

sistemlerle m¿mk¿nd¿r. Porter ve Kramer (2011), ĸirketlerin topluma fayda saĵlayabileceĵi ve aynē 
zamanda ekonomik rekabet g¿­lerini artērabileceĵi Paylaĸēlan Deĵer Yaratma kavramēnē ºnerdiler. Kar 

amacē g¿tmenin sosyal ama­la birleĸtiĵi daha y¿ksek bir kapitalizm bi­imine ihtiya­ olduĵunu ºne 

s¿rd¿ler. 

G¿n¿m¿z sanayi ortamēnda k¿resel rekabet hēzla artarken, ­evresel s¿rd¿r¿lebilirlik de kritik bir ºncelik 

haline gelmiĸtir. Ķĸletmeler artēk sadece maliyet ve kalite odaklē ¿retimden ziyade, ­evresel etkileri 

minimize eden ve kaynak verimliliĵini artēran stratejilere yºneliyor. Bu dºn¿ĸ¿m, ºzellikle tedarik 
zinciri s¿re­lerinde s¿rd¿r¿lebilirlik ilkelerinin benimsenmesini zorunlu kēlēyor. Tedarik zinciri 

boyunca sera gazē emisyonlarēnēn azaltēlmasē, malzeme kullanēmēnēn optimize edilmesi ve geri dºn¿ĸ¿m 

potansiyelinin artērēlmasē gibi hedefler, ­evresel yºnetim politikalarēnēn ayrēlmaz bir par­asē haline 

gelmiĸtir. 

Bu baĵlamda, ¦r¿n Yaĸam Dºng¿s¿ Yºnetimi (PLM) sistemleri, ¿r¿nlerin tasarēmēndan ¿retimine, 

kullanēm ºmr¿ sonuna ve geri dºn¿ĸ¿m s¿re­lerine kadar t¿m aĸamalarē dijital olarak izlemeye ve 

yºnetmeye olanak saĵlayan kapsamlē ­ºz¿mler sunuyor. PLM sistemleri; s¿rd¿r¿lebilirlik odaklē 
malzeme se­imi, karbon ayak izi takibi, tedarik­i deĵerlendirme kriterlerinin dijitalleĸtirilmesi ve 

­evresel etki analizleri gibi iĸlevlerle, ­evreci tedarik zinciri yºnetimini daha etkili hale getiriyor 

Ķĸletmelerin hēzlē, kaliteli ve d¿ĸ¿k maliyetli ¿retim yapabilmeleri adēna PLM sistemleri entegre edilmiĸ 
s¿re­lere ihtiya­larē vardēr. Bu gereklilikle k¿resel pazarda rekabet i­in PLM sistemleri vazge­ilmez 

hale gelmiĸtir. ¦r¿n yaĸam dºng¿s¿ boyunca izlenebilirlik sunan sistemler sayesinde kullan at modeli 

yerine ¿r¿nlerin dºn¿ĸt¿r¿lerek tekrar kullanēma kazandērēldēĵē ¿retim modellerine kolayca ge­iĸ 

saĵlanmaktadēr. Kaynaklarēn tekrar kazanēmē esasēna dayanan ¿retim anlayēĸē s¿rd¿r¿lebilir kaynak 
yºnetimini birlikte getirir ve hem ­evresel hem ekonomik fayda saĵlar. Plm ­ºz¿mleri ¿r¿nlerin yaĸam 

dºng¿lerini kullanēmlarēndan geri kazanēmlarēna kadar olan bu dºng¿sel faaliyetlerini s¿rd¿rebilmeleri 

i­in en iyi ºneridir. Ancak, literat¿rde s¿rd¿r¿lebilirlik hedefleriyle yapēlandērēlmēĸ tedarik zinciri 
yºnetimi ile PLM sistemlerinin dºng¿sel ekonomi perspektifinden b¿t¿nc¿l entegrasyonuna yºnelik 

­alēĸmalar sēnērlēdēr. Bu ­alēĸma, sºz konusu entegrasyonun iĸletmelere saĵlayacaĵē ­evresel, dijital ve 

operasyonel kazanēmlarē incelemeyi ama­lamaktadēr. Aynē zamanda s¿rd¿r¿lebilir dijital dºn¿ĸ¿m 

stratejilerinin uygulanabilirliĵini de deĵerlendiriyor. 

Bu kapsamda, ­alēĸmanēn temel amacē; s¿rd¿r¿lebilirlik hedefleri doĵrultusunda yapēlandērēlmēĸ tedarik 

zinciri yºnetimi ile PLM sistemlerinin entegrasyonunu analiz ederek, dºng¿sel ekonomi yaklaĸēmēyla 

iĸletmelere saĵlayabileceĵi katma deĵeri ortaya koymaktēr. PLM ­ºz¿mlerinin karbon ayak izi takibi, 
malzeme se­imi ve ¿retim planlamasē ¿zerindeki etkilerine odaklanan uygulama ºrnekleri analiz 

edilmiĸtir. 

1. KAVRAMSAL ¢ER¢EVE  

S¿rd¿r¿lebilir Tedarik Zinciri Yºnetimi ile ¦r¿n Yaĸam Dºng¿s¿ sistemlerinin entegrasyonuna yºnelik 

­alēĸmalar, son yēllarda artan ­evresel kaygēlar ve dºng¿sel ekonomi hedefleri doĵrultusunda akademik 

literat¿rde giderek daha fazla yer bulmaktadēr. Bu bºl¿mde, s¿rd¿r¿lebilirlik, PLM, tedarik zinciri 

stratejileri ve dºng¿sel ekonomi yaklaĸēmlarēnē konu alan g¿ncel araĸtērmalar incelenmiĸtir. 

 

1.1 S¿rd¿r¿lebilirlik  

S¿rd¿r¿lebilirlik, doĵal kaynaklarēn korunmasē, iklim deĵiĸikliĵiyle m¿cadele, ekonomik dayanēklēlēk, 

toplumsal refah ve eĸitlik, kurumsal itibar ve rekabet ¿st¿nl¿ĵ¿ ve yasal d¿zenlemelere uyum a­ēsēndan 
t¿m canlēlar i­in kritik ºneme sahiptir. (Mete, 2025) S¿rd¿r¿lebilirlik ekonomik, ­evresel ve sosyal 

olarak ¿­ ana baĸlēk altēnda ele alēnēr, ve ancak birlikte ele alēndēĵēnda ger­ek anlamda b¿t¿nsel 

s¿rd¿r¿lebilirlik saĵlanabilir. Son yēllarda b¿y¿yen sanayileĸme doĵal kaynaklarēn t¿ketimini 
hēzlandērmēĸtēr. (Ma ve ark., 2025) Artan ham madde t¿ketimi; metal, plastik, aĵa­, su ve enerji 

t¿ketiminin artmasē, fosil yakēt baĵēmlēlēĵē; yenilenemeyen yakēt kullanēmē dēĸēna ­ēkēlmamasē, su 

kaynaklarēnēn aĸērē kullanēmē ve atēk sularēn arētēlmadan doĵaya bērakēlmasēyla temiz kaynaklarēn 
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kullanēmēnē da azaltmasē, sanayileĸme sonucu ortaya ­ēkan katē atēklar; kimyasal sēzēntēlar, hava kirliliĵi 

gibi etkenlerin doĵal kaynaklarēn kalitesini bozmasēyla ­evre kirliliĵi, iklim deĵiĸikliĵi ile m¿cadele 

artmēĸtēr. Karbon emisyonlarēnēn azaltēlmasē, Avrupa Yeĸil Mutabakatē' na gºre zorunludur. Avrupa 
Birliĵi, 2050 yēlēna kadar iklim nºtr bir kēta olma hedefi doĵrultusunda, net sera gazē emisyonlarēnē sēfēra 

indirmeyi ama­lamaktadēr. Bu doĵrultuda, Avrupa sanayisinin rekabet­iliĵini koruyarak, iklim nºtr bir 

ekonomi oluĸturulmasē s¿recinde temiz teknolojilerin geliĸtirilmesini hēzlandērmaktēr. (European 
Commission, 2023) T¿rkiyeôde ­evre kirliliĵinin ºnlenmesi ve ­evrenin korunmasē i­in bu alanda 

uygulanmakta olan ¢evre Kanunlarē mevcuttur ve s¿rd¿r¿lebilir kalkēnma ilkesi doĵrultusunda doĵal 

kaynaklarēn dengeli ve verimli kullanēlmasēnē saĵlar. ¢evre Kanunuônun 12ï15. maddeleri uyarēnca, 
­evreyi kirleten iĸletmelere ­eĸitli yaptērēmlar uygulanabilir (T.C. Resm´ Gazete, 1983). Firmalar hem 

kanunlar hem de sosyal sorumluluk kapsamēnda y¿r¿tt¿kleri ­eĸitli projeler ile yerel istihdam, ­alēĸan 

haklarēna saygē, kadēn istihdamē, engelli eriĸimi gibi projeler ile marka itibarē ve deĵer oluĸturmayē 

hedefler. Ayrēca Avrupa pazarēna ihracat yapan firmalar i­in AB Yeĸil Mutabakatē kapsamēnda karbon 

ayak izini raporlayabilenler, vergisel y¿kten korunur. (OECD, 2025) 

1.2 Tedarik Zinciri Yºnetimi 

Ķĸletmeler, tedarik zincirini yalnēzca kēsa vadeli maliyet avantajlarē elde etmenin ºtesinde, uzun vadede 

stratejik rekabet ¿st¿nl¿ĵ¿ saĵlayabilecek bir deĵer yaratēm alanē olarak deĵerlendirmektedir. 

(Manthou, Vlachopoulou & Folinas, 2003) Tedarik zinciri s¿re­lerinde s¿rd¿r¿lebilir uygulamalara 
ºncelik veren organizasyonlar, pazardaki rekabet dinamikleri ¿zerinde olumlu etkiler oluĸturmuĸ ve 

marka deĵerlerini g¿­lendirmiĸtir. (Kēlē­, 2024) 

Tedarik Zinciri Yºnetimi, malzeme ve ¿r¿nlerin tedarik­ilerden nihai m¿ĸteriye kadar olan t¿m 
hareketini yºneten bir dizi s¿re­tir. End¿striyel ¿retim ortamlarēnda, tedarik zinciri; maliyet baskēlarē, 

zamanēnda ¿retim gereklilikleri ve tedarik­i iliĸkilerinin karmaĸēklēĵē nedeniyle stratejik bir ºneme 

sahiptir. Christopher, tedarik zinciri yºnetiminin ¿retim verimliliĵi, zamanēnda teslimat ve maliyetlerin 

kontrol altēnda tutulmasē a­ēsēndan merkezi bir rol oynadēĵēnē vurgulamaktadēr. Tedarik Zinciri 
Yºnetimiôin dijitalleĸmesi, daha hēzlē ve doĵru kararlar alēnmasēnē saĵlar ve tedarik zincirinin her 

aĸamasēndaki s¿re­lerin ĸeffaflēĵēnē artērēr. M¿ller ve Hepp'in ­alēĸmasēnda ise, Tedarik Zinciri 

Yºnetimiôin PLM ile entegrasyonunun, ¿retim ĸirketlerine ¿r¿n geliĸtirme ve tedarik s¿re­lerini eĸ 
zamanlē olarak optimize etme fērsatē sunduĵu ºne s¿r¿lmektedir. Bu entegrasyon, ¿r¿n tasarēmēndan 

¿retime kadar olan s¿re­lerin birbirine daha uyumlu hale gelmesini saĵlar ve zaman kaybēnē minimize 

eder. 

Dijital Dºn¿ĸ¿m ile birlikte Tedarik Zinciri Yºnetimi s¿re­leri daha izlenebilir ve bir yapēya 

kavuĸmuĸtur. ¥zellikle PLM sistemleri ile Tedarik Zinciri Yºnetimi entegrasyonu, ¿r¿n geliĸtirme ile 

tedarik faaliyetlerinin eĸ zamanlē y¿r¿t¿lmesine olanak tanēmakta ve bu sayede tasarēmdan ¿retime 

kadar olan t¿m s¿re­lerin sanal ortamda ger­ekleĸen hesaplamalar ile t¿m ­ēktēlarē ºnceden 
gºr¿lebilmektedir. Elkington (1998), Ķĸletmelerin s¿rd¿r¿lebilir kalkēnma ­er­evesinde faaliyetlerinin 

ekonomik, ­evresel ve sosyal etkilerini deĵerlendirmektedir.  

Hervaniôye gºre ñyeĸilò sºzc¿ĵ¿ ile ­evre ile ilgili faaliyetler iliĸkilendirilmiĸtir, buna gºre Yeĸil 
Tedarik Zinciri Yºnetimi; ­evre dostu s¿rd¿r¿lebilir s¿re­leri ifade eder. Yeĸil Tedarik Zinciri ¿r¿n¿n 

yaĸam dºng¿s¿ boyunca tedarikten geri dºn¿ĸ¿me kadar ger­ekleĸen t¿m faaliyetlerde ­evresel etkilerin 

gºz ºn¿nde bulundurulmasēdēr. Yeĸil Tedarik Zincirini g¿n¿m¿zde PLM ­ºz¿mleri ile entegre hale 
getirdiĵimizde ­evresel atēk yºnetimine malzeme se­im aĸamasēndan baĸlanmasēna imkan 

saĵlamaktadēr. Bu avantaj dºng¿sel ekonomi anlayēĸēnē desteklemektedir. ¦­ok ve Yeĸilay (2022),ô a 

gºre PLM sistemi, kaynaklarēn yeniden kullanēmē ve geri dºn¿ĸ¿m¿n¿ destekleyen ekonomik modelin 

yºnetimi i­in ¿r¿n yaĸam dºng¿s¿n¿n saĵladēĵē imkanlar ile en verimli sonu­ elde edilebilir.   

1.3 ¦r¿n Yaĸam Dºng¿s¿ (PLM) 

G¿n¿m¿zde teknoloji hēzēnēn artmasēyla birlikte t¿ketici davranēĸlarē deĵiĸmiĸ t¿ketim hēzē artmēĸtēr. Bu 

deĵiĸen koĸullarda kaynak verimliliĵini s¿rd¿rebilmek i­in firmalarēn ¿r¿n geliĸtirme s¿re­leri ve hēzlarē 
ºnem kazanmēĸtēr. Geliĸen teknolojiyle dijitalleĸmenin hayatēmēza kattēĵē PLM ­ºz¿mleri, ¿r¿nlerin 

fikir aĸamasēndan atēk haline geldikleri s¿re­ boyunca, (tasarēm, malzeme se­imi, ¿retim, atēk yºnetimi, 

yeniden kullanēm, veri paylaĸēmē vb.) sanal ortamda izlenebilirliĵin saĵlanmasēyla organizasyonlarēn 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 113 

birbirinden farklē t¿m s¿re­lerine entegre edilebilmektedir. (Sayer & ¦lker, 2014) PLM sistemleri, 

firmalarēn s¿rd¿r¿lebilirlik hedeflerine ulaĸmalarēnda, kaynak verimliliĵi, maliyet avantajē ve ­evresel 

etkileri azaltmaya katkē saĵlayan bir ­ºz¿m ºnerisidir. (¦­ok & Yeĸilay, 2022) ¦r¿n Yaĸam 
Dºng¿s¿nde saĵlanan izlenebilirlik sayesinde s¿rd¿r¿lebilir Tedarik Zinciri Yºnetimi de optimize 

edilmiĸtir. ¥zellikle dºng¿sel ekonominin getirisi olan yeniden kullanēm PLM sayesinde ­ok daha 

kolaylaĸmēĸtēr. PLM kullanēmēyla birlikte tasarēm aĸamasēnda malzeme se­imlerini, ¿retim sērasēnda 
oluĸabilecek karbon salēnēmēnē hesaplayabilir ve yēllēk karbon emisyon miktarēnē bu sayede dengede 

tutabilirler. Aynē zamanda bu sistemler, malzemelerin tekrar kullanēmlarēnē saĵlayan mod¿ler tasarēmē 

destekleyen bir bakēĸ a­ēsēna sahiptir, yeniden kullanēlabilecek malzemelerin nerede deĵerlendirileceĵi 
bilgisine kolay ve hēzlēca ulaĸabilmemizi saĵlar. S¿rd¿r¿lebilir Tedarik Zinciri Yºnetimi ve PLM 

­ºz¿mleri entegrasyonu saĵlandēĵēnda kaynaklarēn verimli kullanēlmasē, ­evresel etkilerin azaltēlmasē, 

yaĸam dºng¿s¿ boyunca izlenebilir olmasē hedefi ger­ekleĸtirilebilir. Stark (2022), PLM sistemlerinin 

temel amacēnē, bir ¿r¿n¿n yaĸam dºng¿s¿ boyunca oluĸan t¿m veri, s¿re­ ve kaynaklarē dijital olarak 
entegre ĸekilde yºnetmek, bºylece iĸletmeye verimlilik, hēz, kalite ve inovasyon avantajē saĵlamak 

olarak belirtmiĸtir. PLM sistemleri, yeni ¿r¿n geliĸtirme s¿re­lerini daha verimli, entegre ve izlenebilir 

kēlmak amacēyla pek ­ok stratejik avantaj sunmaktadēr. Bunun yanēnda ISO 14001 gibi ­evresel yºnetim 
standartlarēyla uyumlu dijital ¿retim stratejilerinin, PLM sistemleri ile etkin bi­imde yºnetilebildiĵi 

anlaĸēlmēĸtēr.  

S¦RD¦R¦LEBĶLĶRLĶK ODAKLI TEDARĶK ZĶNCĶRĶ Y¥NETĶMĶ YAKLAķIMLARI  

 Seuring ve M¿ller (2008),ôe gºre S¿rd¿r¿lebilir tedarik zinciri yºnetimi; firmalarēn kaynak kullanēmēnē 

gºzeten devamlē kalkēnma hedefleri i­in ham madde temininden son kullanēcēya kadar ilgili taraflarēn 

taleplerini dinleyerek ekonomik, ­evresel ve sosyal yºnden operasyonel s¿re­lerde yer alan bilgi, mal 

ve para transferi hareketlerinin yºnetimidir.. Buna gºre t¿m iĸleyiĸin ­evresel, sosyal ve ekonomik 
yºnden uyumlanmasē olarak gºr¿lmektedir, hatta bu durum iĸletmenin faaliyetleri kapmasēnda iliĸkide 

olduĵu t¿m kesimleri kapsar.  

S¿rd¿r¿lebilirlik odaklē tedarik zinciri yºnetimi, sadece maliyet ve verimlilik temelli deĵil; aynē 
zamanda ­evresel etkileri minimize eden, sosyal sorumluluĵu ºnceleyen ve uzun vadeli deĵer yaratan 

bir anlayēĸē benimsediĵi bir­ok araĸtērmada yer almēĸtēr.  

S¿rd¿r¿lebilirlik odaklē tedarik zinciri yºnetimi yaklaĸēmlarē, geleneksel tedarik zinciri s¿re­lerinin 

­evresel odaklē yaklaĸēm entegrasyonunu ama­lamaktadēr. Bu baĵlamda, yeĸil tedarik zinciri yºnetimi 
kavramē hayatēmēza girerek; ¿r¿n¿n yaĸam dºng¿s¿ boyunca t¿m s¿re­lerine kadar ­evre dostu, doĵa 

dostu uygulamalarēn benimsenmesini ifade etmektedir.  

Dºng¿sel ekonomi ilkeleri doĵrultusunda geliĸtirilen tedarik zinciri yaklaĸēmlarē ¿r¿nlerin yeniden 
kullanēmēnē, onarēmēnē ve geri dºn¿ĸt¿r¿lmesini m¿mk¿n kēlarak kaynak t¿ketimini azaltmakta ve 

­evresel s¿rd¿r¿lebilirliĵe katkē sunmaktadēr. Bu yaklaĸēm, atēk yºnetimi politikalarēnēn etkinliĵini de 

artērmaktadēr. ¦r¿nlerin tasarēmēndan itibaren yeniden kullanēlabilir, geri dºn¿ĸt¿r¿lebilir ĸekilde 
planlanmasē esastēr. Balbay(2021)ôa gºre gºnd¿sel ekonomi; doĵru s¿re­ler ile kullanēm sonrasē geri 

kalan malzemelerin yeniden kullanēlacaĵē, finansal deĵer taĸēyan ham maddelere dºn¿ĸt¿r¿lmesini 

saĵlayan faaliyetlerdir.  

Sosyal s¿rd¿r¿lebilirlik, tedarik zinciri s¿re­lerinde adil ­alēĸma koĸullarēnēn teminat altēna alēnmasēnē, 
insan haklarēna saygēnēn gºzetilmesini ve yerel tedarik­ilerle etik temelli iĸ iliĸkilerinin s¿rd¿r¿lmesini 

i­erir. Bu yaklaĸēmda, ĸeffaflēk, izlenebilirlik ve mevzuata uyum gibi unsurlar, sosyal s¿rd¿r¿lebilirliĵin 

temel belirleyicileri arasēnda yer almaktadēr.  

Dijital dºn¿ĸ¿mle desteklenen ­ºz¿mler, s¿rd¿r¿lebilir tedarik zinciri yºnetiminin verimliliĵini ve 

etkinliĵini ºnemli ºl­¿de artērmaktadēr. Nesnelerin Ķnterneti (IoT), yapay zek©, blokzincir ve b¿y¿k veri 

analitiĵi gibi ara­lar sayesinde, tedarik zincirindeki s¿re­ler daha ĸeffaf, ºl­¿lebilir ve izlenebilir hale 
gelmektedir. Bu sayede iĸletmeler hem yasal gerekliliklere daha kolay uyum saĵlamakta hem de 

s¿rd¿r¿lebilirlik hedeflerine daha planlaē programlē bir ĸekilde ulaĸabilmektedir. 

PLM UYGULAMALARI VE S¦RD¦R¦LEBĶLĶRLĶK ENTEGRASYONU 

PLM uygulamalarēnēn sunduĵu ­ºz¿mler yeĸil tedarik zinciri ve dºng¿sel ekonomiyi desteklemektedir. 
G¿n¿m¿zde otomotiv, havacēlēk, tekstil, gēda gibi bir­ok sektºr PLM sistemi entegrasyonu sayesinde 
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hem ­evresel hem mali avantaj saĵlamaktadēr. Bunun yanēnda bu firmalarēn iklim ve insan odaklē 

yaklaĸēmlarē hem s¿rd¿r¿lebilirlik raporlamalarēnda hem de firmanēn deĵer yaratēmē ve itibarēnē pozitif 

etkilemektedir. PLM ­ºz¿m uygulamalarēndan bazē ºrnekleri aĸaĵēda inceleyeceĵim.  

3.1 Teamcenter ile Dijital ve S¿rd¿r¿lebilir ¦r¿n Geliĸtirme 

Siemensôin Teamcenter ¦r¿n Maliyet Yºnetimi ­ºz¿m¿, ¿r¿nlerin karbon ve maliyet etkilerini eĸ 

zamanlē, dinamik ve b¿t¿nsel ĸekilde analiz etmeyi saĵlar. Tasarēm, malzeme se­imi, ¿retim yeri ve 
taĸēma gibi parametreler ¿zerinden senaryo sim¿lasyonlarē yapēlarak en uygun kararlar verilebilir. Bu 

sistem, PLM ve ERP sistemleriyle tam entegre ­alēĸarak ¿r¿n yaĸam dºng¿s¿ndeki t¿m maliyet ve 

karbon verilerini g¿ncel tutar. Maliyet ve karbon ayak izi verilerini, fikir aĸamasēndan geliĸtirme ve 
doĵrulamaya, ¿retim baĸlangēcēna kadar her aĸamada, geliĸen malzeme listesiyle dinamik olarak eĸlenik 

kēlar. Malzeme listesi ¦r¿n Yaĸam Dºng¿s¿ Yºnetimi (PLM) ve Kurumsal Kaynak Planlama (ERP) 

sistemlerinden gelen g¿ncellemelerle eĸeler, ekipler ºzellikler ve maliyetlerdeki her deĵiĸikliĵi sorunsuz 

bir ĸekilde izleyebilir. Bu yetenek, ºzellikle otomotiv gibi karmaĸēk end¿strilerde paha bi­ilmezdir ve 
m¿hendislik, tedarik ve finansē kapsayan dijital bir iĸ par­acēĵē saĵlar. Ayrēca, tedarik zincirindeki her 

paydaĸēn ortak bir veri seti ¿zerinden ­alēĸmasēna olanak tanēyarak izlenebilirlik saĵlar. 

Teamcenter, ¿retim baĸlamadan ºnce karbon salēmē ve maliyetleri detaylē ĸekilde modellemeye imk©n 
tanēyarak, iĸletmelere daha bilin­li ve s¿rd¿r¿lebilir tedarik kararlarē alma fērsatē sunar. Bununla birlikte 

tedarik­i verileri, lojistik senaryolarē ve ¿retim parametreleri gibi kritik girdilerle yapēlan analizler, 

maliyet avantajē saĵlarken ­evresel sorumluluĵun da yerine getirilmesini m¿mk¿n kēlar. 

3.2 Airbus'ta Dijital Dºn¿ĸ¿m  

Dijital ikiz teknolojisiyle desteklenen PLM platformunu kullanan Airbus, yalnēzca tasarēmda ve 

¿retimde malzeme ile enerji kullanēmēnē en aza indirmekle kalmayēp; aynē zamanda m¿ĸteri ve 

tedarik­ilerle kurduĵu entegre sistem sayesinde ­evresel s¿rd¿r¿lebilirliĵi merkeze alan bir yapē 
oluĸturmuĸtur. Airbusôēn internet sitesinde bu dijital dºn¿ĸ¿m ile ilgili ĸu ifadeye yer verilmektedir: 

ñDijital devrim, Airbus'taki operasyonlarēn her seviyesinde ger­ekleĸiyor ve ekosistemimiz genelinde 

inovasyon ve m¿kemmelliĵi teĸvik ediyor. Ekipleri dijital ara­larē benimsemeye, s¿re­leri 
kolaylaĸtērmaya, verimliliĵi artērmaya ve ¿retim yºntemlerinde devrim yaratmaya teĸvik ediyor. 

G¿venli ve birleĸik bir d¿nya i­in s¿rd¿r¿lebilir havacēlēkta ºnc¿l¿k etme amacēmēzē desteklemede 

ºnemli bir rol oynuyor.ò 

Varhan (2023), ­eĸitli isterlere gºre ¿retilecek ¿r¿nlerin tasarēmē, analiz ve ¿retiminde dºng¿sel 
ekonomiye gºre ºzelleĸtirme yapēlmasēnēn PLM sistemlerine katkē oranēnda ºnemli bir fayda saĵladēĵēnē 

vurgulamaktadēr. Bu sistemlerin tasarēm ve analizden planlamaya, malzeme kullanēmēndan tersine 

lojistiĵe kadar bir­ok farklē alanda, yapayzeka gibi ara­larla s¿re­ler arasē izlenebilirlik yeteneĵini 
geliĸtirmesi ile havacēlēk ve savunma sektºr¿ne deĵer katarken dºng¿sel ekonomiye uygun ­ēktēlarēn 

oluĸmasēna da olanak saĵlamaktadēr. 

 

  

ķekil 1: Kaynak: Varhan (2023), ķekil 5, ķekil 6 ve ķekil 7.  

Varhan, O. (2024). T¿rk Savunma ve Havacēlēk Sanayiinde Dºng¿sel Ekonomi ve ¦r¿n Yaĸam Dºng¿s¿ Yºnetimi: Yapay Zek© Destekli 

Uygulama ¥rnekleri. Ege ¦niversitesi Ulaĸtērma Yºnetimi Araĸtērmalarē Dergisi, 1(1), 35-59. 
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3.3 Mavi Jeans : S¿rd¿r¿lebilir Tasarēm ve Malzeme Se­imi (All Blue Koleksiyonu) 

S¿rd¿r¿lebilirlik hedeflerinde organik pamuk, geri dºn¿ĸt¿r¿lm¿ĸ denim ve polyester gibi s¿rd¿r¿lebilir 

malzemelerin kullanēmēnē artērmak yer almaktadēr. ¦r¿nlerin ­evresel ayak izini daha tasarēm 

aĸamasēnda optimize etmesi ile Mavi'nin All Blue koleksiyonu bunun somut bir ºrneĵidir. 

PLM Entegrasyonu sayesinde merkezi malzeme veritabanē ile PLM sistemi, Mavi'nin kullandēĵē t¿m 

kumaĸlarēn, ipliklerin ve aksesuarlarēn ­evresel ºzelliklerini (su ayak izi, CO2 emisyonu, geri 
dºn¿ĸt¿r¿lm¿ĸ i­erik oranē, kimyasal sertifikalarē - ºrneĵin Oeko-Tex, GOTS) i­eren kapsamlē bir dijital 

k¿t¿phane sunar.  

Tasarēm Karar Desteĵi sayesinde tasarēmcēlar ve ¿r¿n geliĸtirme ekipleri, yeni bir jean veya giysi 
tasarlarken, PLM' deki bu verileri kullanarak farklē malzeme ve yēkama kombinasyonlarēnēn ¿r¿n¿n 

toplam ­evresel etkisi ¿zerindeki potansiyel etkilerini gºrebilirler. Bu, en s¿rd¿r¿lebilir se­enekleri 

bilin­li olarak se­melerini saĵlar. 

Sanal Prototipleme ile fiziksel numune ¿retimini azaltarak malzeme ve enerji israfēnē ºnlemek i­in 3D 
tasarēm ve sanal prototipleme yoĵun olarak kullanēlēr. Bu, aynē zamanda pazara ­ēkēĸ s¿resini de 

hēzlandērēr. S¿rd¿r¿lebilirlik faydasē olarak daha d¿ĸ¿k ­evresel etkiye sahip ¿r¿nler, s¿rd¿r¿lebilir 

malzeme kullanēmēnēn artērēlmasē, Ar-Ge s¿re­lerindeki atēklarēn azaltēlmasē. 

SONU¢ VE ¥NERĶLER 

Bu ­alēĸmada, s¿rd¿r¿lebilirlik odaklē tedarik zinciri yºnetimi ile PLM sistemlerinin entegrasyonu, 

dºng¿sel ekonomi perspektifi ­er­evesinde ele alēnmēĸtēr. ¢alēĸmalar sonucunda, iĸletmelerin uzun 
vadeli s¿rd¿r¿lebilirlik hedeflerine ulaĸabilmesi i­in tedarik zinciri s¿re­lerini dijital, b¿t¿nc¿l ve 

­evresel etkileri gºzeten bir yapēda yeniden kurgulamasē gerektiĵi ortaya ­ēkmēĸtēr.  

PLM sistemleri, ¿r¿n¿n fikir aĸamasēndan nihai elden ­ēkarēlmasēna kadar t¿m s¿re­lerde veri 

yºnetimini merkezileĸtirerek, ¿r¿n¿n ­evresel etkilerinin tasarēm aĸamasēnda minimize edilmesine 
olanak saĵlamaktadēr. Aynē zamanda, tedarik zinciri boyunca ĸeffaflēk ve izlenebilirlik saĵlayarak 

s¿rd¿r¿lebilir kaynak kullanēmē, atēk yºnetimi ve geri dºn¿ĸ¿m gibi kritik dºng¿sel ekonomi 

uygulamalarēnē da desteklemektedir.  

Entegrasyonun baĸarēya ulaĸabilmesi i­in, PLM ve Tedarik Zinciri Yºnetimi sistemleri arasēndaki veri 

alēĸveriĸi akēcē ve senkronize olmalē ve bilgi akēĸē kesintisiz saĵlanmalēdēr. Bu baĵlamda, hem dijital alt 

yapē hem de organizasyonel k¿lt¿r a­ēsēndan dºn¿ĸ¿m gereklidir. Bu doĵrultuda, s¿rd¿r¿lebilirlik odaklē 

tedarik zinciri ile PLM sistemlerinin entegrasyonunun daha etkin ve verimli bir ĸekilde saĵlanabilmesi 

i­in sistematik adēmlarēn atēlmasē gerekmektedir.  

¥ncelikle, dijital altyapēlarēn g¿­lendirilmesi ile baĸlanmalēdēr. PLM ve Tedarik Zinciri Yºnetimi 

sistemleri arasēndaki veri alēĸveriĸinin ger­ek zamanlē, g¿venilir ve ĸeffaf bir bi­imde 

ger­ekleĸtirilebilmesi i­in entegre dijital platformlara yatērēm yapēlmalēdēr.  

¦r¿n tasarēmē s¿re­lerinde dºng¿sel ekonomi yaklaĸēmlarē temel alēnmalē; malzeme se­imi, 

sºk¿lebilirlik, onarēlabilirlik ve yeniden kullanēm-geri dºn¿ĸ¿m olanaklarē tasarēmēn ayrēlmaz bir 
par­asē haline getirilmelidir. PLM sistemlerinin bu kriterleri destekleyecek ĸekilde yapēlandērēlmasē 

sonucunda, ­evresel etkilerin hen¿z tasarēm aĸamasēnda minimize edilmesi ortaya ­ēkacaktēr.  

Ayrēca, s¿rd¿r¿lebilir tedarik zinciri hedeflerine ulaĸmak i­in tedarik­ilerin sisteme entegre edilmesi ve 

bu paydaĸlara yºnelik s¿rd¿r¿lebilir ¿retim farkēndalēĵē kazandēracak dēĸ eĵitimlerin verilmesi 
gerekmektedir. Bºylece dºng¿sel ekonomi yaklaĸēmē, sadece ĸirket i­i s¿re­lerle sēnērlē kalmaz; 

tedarik­ilerden m¿ĸterilere kadar t¿m paydaĸlarē kapsayan geniĸ bir deĵer zincirine entegre edilebilir.  

PLM sistemlerine karbon ayak izi, enerji t¿ketimi, atēk deĵeri gibi s¿rd¿r¿lebilirlik performans 
gºstergeleri entegre edilmeli; bu gºstergeler, tedarik zinciri boyunca alēnacak stratejik hedefli kararlarēn 

temelini oluĸturmalēdēr.  

Buna ek olarak, entegrasyon s¿reci uluslararasē s¿rd¿r¿lebilirlik standartlarē ve yasal d¿zenlemeler 
doĵrultusunda y¿r¿t¿lmeli; ĸirket politikalarē bu normlara uygun olarak yeniden ĸekillendirilme ve yasal 

uyumda s¿rd¿r¿lebilirlik saĵlanmalēdēr.  
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Son olarak, bu alandaki bilgi/veri birikiminin artērēlmasē adēna, PLMïTedarik Zinciri Yºnetimi 

entegrasyonunun ­evresel ve operasyonel etkilerini deĵerlendiren sektºrel ve akademik araĸtērmalarēn 

teĸvik edilmesi ve desteklenmesi gerekmektedir. Bu t¿r ­alēĸmalar, uygulama ºrnekleri ve en iyi 

pratikler ¿zerinden Dijital Dºn¿ĸ¿m¿ hedefleyen karar vericilere yol gºsterici olacaktēr. 
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¥zet: Helisel kazēklar; sahip olduklarē ĸafta, kuvvet momenti uygulanmasē yoluyla zeminlere dºnd¿r¿lerek 

yerleĸtirilen ve basēn­, ­ekme, yanal, eksantrik gibi farklē tip y¿klere karĸē mukavemet saĵlayabilen derin temel 

sistemleridir. Bu ­alēĸmada, kohezyonsuz sēkē zemine gºm¿l¿ model helisel kazēklarēn eksenel ­ekme y¿k¿ etkisi 

altēndaki davranēĸlarē; sonlu elemanlar limit analizi yºntemiyle araĸtērēlmēĸtēr. Helis ­apē (D), sayēsē (N) ve aralēĵē 
(s) ile gºm¿lme derinliĵi (L) deĵerleri deĵiĸen farklē tip model helisel kazēklar; iki boyutlu olarak OPTUM G2 

geoteknik tasarēm yazēlēmēnda modellenmiĸtir. Eksenel ­ekme y¿k¿ne maruz on beĸ adet farklē ºzelliĵe sahip 

helisel kazēk, sonlu elemanlar limit analiziyle ­ºz¿mlenerek her bir analiz i­in maksimum ­ekme y¿kleri sayēsal 

olarak tespit edilmiĸtir. Bu araĸtērmada, kurulan t¿m iki boyutlu sonlu elemanlar modeli ­ºz¿mlemelerinden elde 

edilen maksimum ­ekme y¿kleri; deneysel bulgularla kēyaslanarak, deneysel-sayēsal uyumluluĵu temsilen, 

maksimum ­ekme y¿kleri arasēndaki fark ortalama %22 olarak hesaplanmēĸtēr. Sonu­ta, helisel kazēklarēn eksenel 

y¿kleme koĸullarē altēnda sayēsal olarak ­ºz¿mlenmesi i­in sonlu elemanlar limit analizi yºnteminin kullanēlabilir 

olduĵu ortaya koyulmuĸtur. 

Anahtar Kelimeler: Helisel Kazēk, Kohezyonsuz Zemin, Sēkē Kum, Eksenel Y¿kleme, Sayēsal Analiz, Sonlu 

Elemanlar Limit Analizi 

 

Determination of Uplift Capacity of Helical Piles Using Finite Element Limit Analysis 

 

Abstract: Helical piles are deep foundation systems installed through the application of rotational torque, which 

allows them to be screwed into the soil to effectively resist a composite of loading conditions, including 

compression, tension, lateral, and eccentric forces. In this study, the behavior of model helical piles embedded in 

dense cohesionless soil under the effect of axial uplift load was investigated using the finite element limit analysis 

method. Different types of model helical piles, with varying helix diameters (D), number of helices (N), helix 

spacing (s), and embedment depths (L), were modeled two-dimensionally in OPTUM G2 geotechnical design 

software. Fifteen helical piles with different characteristics subjected to axial uplift load were analyzed by finite 

element limit analysis, and the maximum uplift loads for each analysis were determined numerically. In this paper, 

the maximum tensile loads obtained from all the established two-dimensional finite element model analyses were 
compared with the experimental findings, and the difference between the maximum tensile loads was calculated 

to be 22% on average, representing the experimental-numerical compatibility. Consequently, it has been 

demonstrated that the finite element limit analysis method is applicable for the numerical analysis of helical piles 

under axial loading conditions. 

Keywords: Helical Pile, Cohesionless Soil, Dense Sand, Axial Loading, Numerical Analysis, Finite Element Limit 

Analysis 

 

1. GĶRĶķ 
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Helisel kazēklar; geoteknik m¿hendisliĵine konu olan bir­ok tasarēm ve uygulamada tercih edilen, 

yapēsal olarak merkezinde bir ĸaft ile ĸafta tutturulmuĸ bir veya daha fazla helis yapraĵē barēndēran ve 

genellikle ­elikten imal edilen derin temel sistemleridir. Vida kazēklar veya helisel ankrajlar olarak da 
adlandērēlan helisel kazēklar; maliyet etkinliĵine, y¿ksek y¿k taĸēma kapasitesine ve d¿ĸ¿k ­evresel 

etkiye sahip olmalarē nedeniyle ºne ­ēkan bir temel sistemi ­ºz¿m¿d¿r (Qu ve diĵerleri, 2025). Helisel 

kazēklarēn merkezinde yer alan ĸaftēn altēndaki konik u­ yapēsē ve helis yapraklarēnēn sarmal geometrisi 
sayesinde, kazēk ekseninde, ĸaft ¿zerinden bir kuvvet momenti uygulanmasē sonucu dºnd¿r¿lerek 

zeminlere kurulumu ger­ekleĸmektedir. Bu kazēklar, hidrolik motorlar ile saĵlanan eksenel dºnme 

hareketi sayesinde zeminlere monte edilirken bu iĸlemin kayda deĵer bir diĵer ºzelliĵi de bu kazēklarēn 
zeminlere kurulumunun ­ok d¿ĸ¿k d¿zeyde bir g¿r¿lt¿ ve titreĸim oluĸturmasēdēr (Akbari Zare ve 

diĵerleri, 2025). 

Helisel kazēklar; kil, kum, buzul gibi ­ok ­eĸitli zemin profillerinde; basēn­, ­ekme, yanal, eksantrik, 

dinamik gibi farklē y¿kleme koĸullarē altēnda m¿hendislik yapēlarēnēn temellerini desteklemek amacēyla 
kullanēmē giderek yaygēnlaĸan bir derin temel elemanēdēr (T¿redi, 2025). Ek olarak, bu kazēklarēn sahada 

kurulumu nispeten kolay olmasēnēn yanēnda eriĸimi g¿­ konumlarda bile asgari ­evresel etkiyle 

zeminlere monte edilebilmekte ve kazēk kapasitesi kurulum esnasēnda ºl­¿len kurulum torkuyla da 
belirlenebildiĵinden, helisel kazēklar; zeminlere yerleĸtirilmelerinin hemen ardēndan rahatlēkla 

y¿klenebilmektedir (Perko, 2009; Harnish ve El Naggar, 2017; Christoni ve diĵerleri, 2025). Helisel 

kazēklar; iletim kuleleri, a­ēk deniz platformlarē ve r¿zg©r t¿rbinleri gibi yapēlar i­in bir temel sistemi 
olarak geniĸ ­apta kullanēlmalarēnēn yanē sēra, son yēllarda yenilenebilir enerji yapēlarēnda da ­akma 

kazēklara potansiyel bir alt se­enek olarak ºnerilmektedir (Hao ve diĵerleri, 2022; Lin ve diĵerleri, 

2022). 

Merkezindeki ĸafta kaynaklanmēĸ helisel plakalara sahip bu kazēklar, geleneksel d¿z ĸaftlē kazēklara 
kēyasla daha y¿ksek taĸēma kapasitesi ve ­ekme dayanēmē saĵladēĵēndan ºt¿r¿ helisel kazēklar, ­ekme 

kuvvetlerine karĸē koyan bir temel tekniĵi olarak kullanēlēr ve ­ekmeye karĸē temelde meydana gelen 

kabarmayē veya y¿kselmeyi etkin bir ĸekilde kontrol eder (Venkatesan ve Mayakrishnan, 2022). Buna 
karĸēn helisel kazēklar; ­ekme y¿k¿ne karĸē mukavemet saĵlamak amacēyla uzun s¿redir kullanēlēyor 

olsa da kurulum etkilerini de i­eren ­ekme kapasitesi tahminleri, kazēk tasarēmēnda halen bir g¿­l¿k 

olarak s¿rmektedir (Wang ve diĵerleri, 2020). 

Bu ­alēĸmada, model helisel kazēklarēn, kohezyonsuz sēkē zeminde, eksenel ­ekme y¿k¿ etkisi altēndaki 
davranēĸlarē; bilgisayar ortamēnda y¿r¿t¿len sonlu elemanlar limit analizi yºntemi ile incelenmiĸtir. 

Farklē helis ­apē (D), sayēsē (N) ve aralēĵē (s) ile kazēk gºm¿lme derinliĵi (L) deĵerlerine sahip model 

helisel kazēklar; iki boyutlu eksenel simetri geometrik idealizasyon yaklaĸēmēyla OPTUM G2 geoteknik 
tasarēm programēnda sonlu elemanlar esaslē modellenmiĸtir. Laboratuvar koĸullarēnda, eksenel ­ekme 

y¿k¿ne maruz sēkē zemine gºm¿l¿ on beĸ adet farklē ºzellikteki helisel kazēk, sonlu elemanlar limit 

analizi ile ­ºz¿mlenerek her bir analiz i­in kazēklarēn yenilme bi­imleri ile maksimum ­ekme y¿kleri 

tespit edilmiĸtir. 

 

2. Y¥NTEM 

 

Bu ­alēĸma kapsamēnda, Tahiroĵlu (2021) tarafēndan yapēlan bir tez ­alēĸmasēnda paylaĸēlan, laboratuvar 

ortamēndaki sēkē kum zeminlerde ­ekme y¿k¿ne maruz helisel kazēklarēn tasarēm verileri ve deneysel 
sonu­larē; sayēsal modelleme amacēyla kaynak olarak alēnmēĸtēr. Sayēsal ­ºz¿mlemelerde, doĵrulama 

ºrnekleri olarak se­ilen on beĸ adet farklē tasarēma sahip helisel kazēk, eksenel doĵrultuda ­ekme y¿k¿ne 

maruz bērakēlarak konik yenilme davranēĸē ve maksimum ­ekme y¿k¿ gibi ºnemli m¿hendislik 

bulgularē; bu ­alēĸma i­erisinde irdelenmiĸtir. 

Eksenel ­ekme y¿k¿ etkisi altēndaki helisel kazēklarda, en ¿stteki helis plakasēnēn ¿zerinde konik 

formdaki zemin k¿tlesinin aĵērlēĵēndan kaynaklanan ve kazēĵēn yukarē yºnl¿ hareketine karĸē koyan 

aĸaĵē yºnl¿ bir zemin direnci oluĸur iken bahsedilen bu konik ­ekme mekanizmasē, helisel plakalarēn 
saĵladēĵē kenetlenme etkisi ile birleĸerek kazēĵēn yerinden ­ēkmasēnē engeller ve bu sayede, d¿z 

kazēklara kēyasla ­ok daha ¿st¿n bir ­ekme kapasitesi ve duraylēlēĵē m¿mk¿n olur (Tahiroĵlu, 2021). 
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Bir gºm¿l¿ helisel kazēk veya ankraj sisteminin nihai ­ekme kapasitesi; ankraj elemanēnēn ºz aĵērlēĵē, 

potansiyel gº­me y¿zeyi boyunca devreye giren zemin-kazēk aray¿zeyi kayma direnci ve yenilme 

mekanizmasēnē teĸkil eden zemin k¿tlesinin aĵērlēĵē toplamēndan oluĸmaktadēr (Demir ve Ok, 2015). 
Helisel kazēklarēn (ve helisel ankrajlarēn) ­ekme y¿k¿ altēndaki bu karakteristik davranēĸē, bir sēĵ gº­me 

mekanizmasē gºstergesi olan ve konik yenilme y¿zeyi olarak bilinen bu durumun oluĸmasēna neden olur 

ve bu durumun gerek­esi, ­ekme y¿k¿n¿n, zeminin direncini aĸmasē durumunda; ķekil 1ôde gºsterildiĵi 
¿zere helis plakasē ile zemin y¿zeyi arasēnda uzanan ve yukarēya doĵru geniĸleyen kesik bir koni 

bi­imindeki zemin k¿tlesinin yer deĵiĸiminden dolayē a­ēklanabilir (Mitsch ve Clemence, 1985; Ghaly 

ve diĵerleri, 1991; Perko, 2009; Das ve Shukla, 2013; Cerfontaine ve diĵerleri, 2020). 

 

ķekil 1. ¢ekme y¿k¿ne maruz helisel kazēklarda ºrnek bir konik etki alanē (Perko, 2009) 

 

Bu ­alēĸmada, sonlu elemanlar limit analizi yºntemi yoluyla sēkē kum zeminde ­ekme y¿k¿ne maruz 
helisel kazēklar; OPTUM G2 (2025) geoteknik tasarēm programēnda modellenerek konik yenilme 

davranēĸē ve maksimum ­ekme y¿k¿ deĵeri sayēsal yollarla ortaya koyulmuĸtur. OPTUM G2 programē, 

i­erisinde yerleĸik olarak limit analiz baĸta olmak ¿zere elastoplastik, zemin su akēĸē, konsolidasyon ve 
kohezyon-i­sel s¿rt¿nme a­ēsē azaltma ­ºz¿mlemelerini i­eren, k¿t¿phanesinde bir­ok zemin malzeme 

b¿nye modeli bulunan ve iki boyutlu d¿zlem gerilme ile eksenel simetri geometrik idealizasyon 

yaklaĸēmlarēna sahip olan bir sonlu elemanlar yºntemi esaslē ileri seviye geoteknik tasarēm yazēlēmēdēr. 
Sonlu elemanlar limit analizi (FELA) ise geleneksel doĵrusal olmayan sonlu elemanlar tekniklerinde 

olduĵu gibi bir gº­me y¿k¿ne zaman adēmlarēyla ulaĸmaktan ziyade mekanik bir sistem i­in ¿st-alt sēnēr 

plastik gº­me y¿k¿n¿ iyileĸtirme teknikleri kullanarak doĵrudan hesaplayan ve kinematik ya da denge 

formunda form¿le edilebilen bir yºntemdir (Lysmer, 1970; Sloan, 1988; Krabbenhßft ve Lyamin, 2015; 
Martin, 2011). Sonlu elemanlar limit analizi, geomekanikte nihai taĸēma kapasitesinin, nihai gº­me 

y¿klerinin ve nihai sēyrēlma faktºrlerinin sayēsal olarak belirlenmesi ile ĸev duraylēlēĵē benzeri stabilite 

problemlerinin ­ºz¿lmesi gibi zemin mekaniĵinde ve geoteknik m¿hendisliĵinde ­ok geniĸ ama­larla 
kullanēlan en belirgin ­ºz¿mleme yºntemlerinden biridir (Krabbenhßft ve diĵerleri, 2016; Lim ve 

diĵerleri, 2017; Li ve diĵerleri, 2022; Chen ve diĵerleri, 2025; Dalal ve diĵerleri, 2025; Schm¿dderich 

ve diĵerleri, 2025). 

3. MODEL  

 

Bu bºl¿mde, sayēsal ­ºz¿mlemeleri doĵrulayabilmek i­in daha ºnceden ger­ekleĸtirilmiĸ deneysel 
verilere sahip bir tez ­alēĸmasēndan alēnan (Tahiroĵlu, 2021) sēkē kum zeminlerde ­ekme y¿k¿ne maruz 

helisel kazēklarēn tasarēm verileri kullanēlmēĸtēr ve on beĸ farklē laboratuvar deneyi OPTUM G2 

geoteknik tasarēm programēnda birebir modellenmiĸtir. Tahiroĵlu (2021) tarafēndan yapēlan tez 

­alēĸmasēndaki bahsi ge­en laboratuvar deneyleri, Ķskenderun Teknik ¦niversitesi Ķnĸaat M¿hendisliĵi 
Bºl¿m¿ Geoteknik Laboratuvarēônda ger­ekleĸtirilmiĸtir. Bu deneylerde kullanēlan helisel kazēklar ile 
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laboratuvar deney ortamē genel gºr¿n¿mleri ķekil 2ôde; OPTUM G2 geoteknik tasarēm yazēlēmē 

i­erisinde sayēsal modellemelerde kullanēlan kohezyonsuz zemin ve model helisel kazēk verileri ise 

¢izelge 1ôde sunulmuĸtur. 

 

 

ķekil 2. Doĵrulama ama­lē esas alēnan tez ­alēĸmasēndan derlenen gºr¿nt¿ler (Tahiroĵlu, 2021) 

 

¢izelge 1. Sonlu elemanlar modellerinde kullanēlan geoteknik tasarēm verileri 

Deĵiĸken Deĵer 

Zemin T¿r¿ Sēkē Kum Zemin 

Zemin Malzeme Modeli MC (Elasto-Plastik) 

Kohezyon Katsayēsē (c), kPa 0 

Ķ­sel S¿rt¿nme A­ēsē (◖),Á 43 

Elastisite Mod¿l¿ (E), MPa 37.5 

Poisson Oranē (v) 0.3 

Kuru Birim Hacim Aĵērlēk (ɔk), kN/m3 16.5 

Doygun Birim Hacim Aĵērlēk (ɔd), kN/m3 19 

Kazēk Malzeme Modeli LE (Doĵrusal Elastik) 

Kazēk Young Mod¿l¿ (Ep), MPa 2E+05 

Kazēk Akma Gerilmesi (ů0), MPa 180 

 

¢izelge 1ôde verilen sonlu elemanlar modellerine ait geoteknik tasarēm verileri; t¿m limit analizi 

durumu ­ºz¿mlemelerinde ortak olarak kullanēlmēĸtēr ve ¢izelge 1ôdeki tasarēm koĸullarēna ek olarak, 

her bir modelde helis ­apēna baĵlē olarak deĵiĸen geniĸliklere ve azaltēlmēĸ geomekanik tasarēm 

verilerine sahip bir ºrselenmiĸ sēkē zemin malzeme bºlgesi tanēmlanmēĸtēr. Literat¿rde, helisel kazēklarēn 
kurulumlarē esnasēnda yaĸanan ºrselenmenin etkisinin, sayēsal analizlerde mutlaka dikkate alēnmasē 

gerektiĵi ifade edilmektedir (T¿redi, 2021; Annicchini ve diĵerleri, 2023). Bu ­alēĸmadaki tasarēmlarda, 

kazēk-zemin etkileĸimi de gºz ºn¿ne alēnarak, kazēk ile zemin arasēnda temas eden t¿m etkin y¿zeylerde 
bir etkileĸim aray¿z¿ tanēmlanmēĸ ve her bir model i­in uygun bir mukavemet azaltma faktºr¿ katsayēsē 

giriĸi yapēlmēĸtēr. Kurulan t¿m modellerde ortak olarak eksenel simetri geometrik yaklaĸēmē 

benimsenmiĸtir. Sēnēr koĸullarē ve hareket serbestliĵi a­ēsēndan ise zemin y¿zeyi sēnērēnda tam hareket 
serbestliĵi tanēmlanmēĸ, zemin taban sēnērēnda her iki yatay ve d¿ĸey yºnde hareket kēsētlanmēĸ, model 

yan y¿zeylerinde ise sadece d¿ĸey doĵrultuda yer deĵiĸimi serbestliĵi tanēmlanmēĸtēr. ¢izelge 2ôde, bu 

­alēĸma kapsamēnda modellenen, farklē deĵerlerdeki helis ­apē (D), sayēsē (N) ve aralēĵē (s) ile kazēk 

gºm¿lme derinliĵi (L) verilerine sahip helisel kazēklarēn yapēsal boyutlarē sunulmuĸtur. 

 

¢izelge 2. Modellenen helisel kazēklarēn tasarēm deĵiĸkenleri 
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Deney No D (mm) L (mm) N s/D L/D 

2 60 600 1 - 10 

3 80 600 1 - 7.5 

4 100 600 1 - 6 

5 120 600 1 - 5 

6 100 600 2 1 6 

7 100 600 2 1.5 6 

8 100 600 2 2 6 

9 100 600 2 2.5 6 

10 100 600 2 3 6 

11 100 600 3 1.5 6 

12 100 600 3 2 6 

13 100 500 1 - 5 

14 100 400 1 - 4 

15 100 300 1 - 3 

16 100 200 1 - 2 

*NOT: Deney No: 1 (d¿z ĸaft) bu ­alēĸmada dikkate alēnmamēĸtēr. T¿m kazēklar i­in d=22 mm ve p=0.3D mm 

 

4. ¢¥Z¦MLEME 

 

OPTUM G2 geoteknik tasarēm yazēlēmēnda modellenen ve ayrēntēlarē bir ºnceki baĸlēkta sunulan farklē 
helis ­apē (D), sayēsē (N) ve aralēĵē (s) ile kazēk gºm¿lme derinliĵi (L) deĵerlerine sahip model helisel 

kazēklar, sonlu elemanlar limit analizi yºntemi kullanēlarak eksenel ­ekme y¿k¿ etkisi altēnda sistem 

gº­me anlarē belirlenmiĸtir. Sonlu elemanlar aĵ daĵēlēmēnēn ve eleman-nokta dengesinin otomatik 

olarak probleme ºzg¿ ger­ekleĸtirildiĵi aĵ uyumluluĵu dikkate alēnarak tamamlanan sonlu elemanlar 
limit analizleri neticesinde, ­ekme y¿k¿ uygulanan helisel kazēklarēn gº­me anē ger­ekleĸtiĵinde 

OPTUM G2 yazēlēmēndan modellere ait konik yenilme y¿zeyi gºr¿nt¿leri elde edilmiĸtir. 

Helis ­apēnēn (D) deĵiĸtiĵi analizlerde (2,3,4,5) gºr¿len yenilme bi­imleri ve maksimum ­ekme y¿kleri 
(Qmax) ķekil 3ôte, helis aralēĵēnēn (s) deĵiĸtiĵi ­ºz¿mlemelerde (6,7,8,9,10) belirlenen yenilme formlarē 

ve en y¿ksek ­ekme y¿kleri (Qmax) ise ķekil 4ôte verilmiĸtir. 

  

Deney No 2: D=60mm 

(Qmax=3.111 kN) 

 

Deney No 3: D=80mm 

(Qmax=3.338 kN) 
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Deney No 4: D=100mm 

(Qmax=3.566 kN) 

Deney No 5: D=120mm 

(Qmax=3.744 kN) 

ķekil 3. Helis ­apēnēn deĵiĸtiĵi analizlerde gºzlenen konik yenilme y¿zeyleri 

 

   

Deney No 6: s/D=1 

(Qmax=3.448 kN) 

 

Deney No 7: s/D=1.5 

(Qmax=3.534 kN) 

 

Deney No 8: s/D=2 

(Qmax=3.621 kN) 

 

  

Deney No 9: s/D=2.5 

(Qmax=3.519 kN) 

Deney No 10: s/D=3 

(Qmax=3.558 kN) 

ķekil 4. Helis aralēĵēnēn deĵiĸtiĵi ­ºz¿mler i­in konik yenilme bi­imleri 

 

ķekil 5ôte deĵiĸen helis sayēsēna (N) sahip analizlerdeki (4,6,7,11,12) yenilme desenleri ve maksimum 

­ekme y¿kleri (Qmax); ķekil 6ôda farklē kazēk gºm¿lme derinliĵindeki (L) ­ºz¿mlerde (4,13,14,15,16) 

yenilme mekanizmalarē ve en y¿ksek ­ekme y¿kleri (Qmax) verilmiĸtir. 

 

   

Deney No 4: N=1 s/D=0 

(Qmax=3.566 kN) 

 

Deney No 6: N=2 s/D=1 

(Qmax=3.448 kN) 

 

Deney No 7: N=2 s/D=1.5 

(Qmax=3.534 kN) 
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Deney No 11: N=3 s/D=1 

(Qmax=3.577 kN) 

Deney No 12: N=3 s/D=1.5 

(Qmax=3.581 kN) 

ķekil 5. Helis sayēsēnēn deĵiĸtiĵi analizlerde ortaya ­ēkan konik yenilme desenleri 

 

   

Deney No 4: L/D=6 

(Qmax=3.566 kN) 

 

Deney No 13: L/D=5 

(Qmax=2.081 kN) 

 

Deney No 14: L/D=4 

(Qmax=1.092 kN) 

 

  

Deney No 15: L/D=4 

(Qmax=0.495 kN) 

Deney No 16: L/D=2 

(Qmax=0.173 kN) 

ķekil 6. Kazēk gºm¿lme derinliĵinin deĵiĸtiĵi ­ºz¿mler i­in konik yenilme mekanizmalarē 

 

5. BULGULAR  

OPTUM G2ôde yapēlan modelleme ve ­ºz¿mleme sonucunda bir ºnceki baĸlēkta paylaĸēlan konik 

yenilme y¿zeylerine ek olarak her bir analiz i­in sonlu elemanlar limit analizi ­ºz¿m¿ sayesinde 
maksimum ­ekme y¿kleri hesap edilmiĸ ve Tahiroĵlu (2021) tarafēndan yapēlan tez ­alēĸmasēndaki 

laboratuvar deney sonu­larēyla beraber verilen en y¿ksek ­ekme y¿kleri deĵerleriyle ¢izelge 3ôte 

kēyaslanmēĸtēr. 

 

¢izelge 3. OPTUM G2ôde yapēlan sayēsal ­ºz¿mlemeler ile Tahiroĵlu (2021) tarafēndan yapēlan tez 

­alēĸmasēndaki laboratuvar deneylerinden alēnan maksimum ­ekme y¿klerinin kēyaslanmasē 

Analiz 

No 

OPTUM G2 

Maksimum ¢ekme Y¿k¿ (kN) 

Tahiroĵlu (2021) 

Maksimum ¢ekme Y¿k¿ (kN) 

2 3.111 2.352 

3 3.338 2.755 

4 3.566 3.293 

5 3.744 3.706 
6 3.448 2.607 

7 3.534 2.961 

8 3.621 3.906 

9 3.519 2.986 
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Analiz 

No 

OPTUM G2 

Maksimum ¢ekme Y¿k¿ (kN) 

Tahiroĵlu (2021) 

Maksimum ¢ekme Y¿k¿ (kN) 

10 3.558 2.973 

11 3.577 3.238 

12 3.581 3.459 

13 2.081 1.825 

14 1.092 0.734 

15 0.495 0.324 

16 0.173 0.117 

 

6. SONU¢ 

Bu ­alēĸmada, kohezyonsuz kum zeminlere gºm¿l¿ helisel kazēklarēn eksenel ­ekme y¿k¿ etkisi 
altēndaki davranēĸlarē ve gº­me anēndaki yenilme bi­imleri; OPTUM G2 yazēlēmēnda yer alan sonlu 

elemanlar limit analizi sayēsal yºntemi ile incelenmiĸtir. Bu araĸtērma neticesinde ortaya koyulan 

bulgular ve yapēlan nihai deĵerlendirmeler aĸaĵēda maddeler halinde paylaĸēlmēĸtēr: 

¶ Ķki boyutlu bir sonlu elemanlar ­ºz¿mleme yazēlēmē olan OPTUM G2 geoteknik tasarēm 
programēnda, eksenel ­ekme y¿k¿ne maruz on beĸ adet farklē ºzelliĵe sahip model helisel kazēk, 
gº­me anēndaki davranēĸlarēnē ortaya koymak amacēyla sonlu elemanlar limit analizi ile 

­ºz¿mlenmiĸtir. Farklē helis ­apē (D), sayēsē (N) ve aralēĵē (s) ile kazēk gºm¿lme derinliĵine (L) sahip 

helisel kazēklar, sonlu elemanlar limit analizi yºntemiyle uygun malzeme modelleri, sēnēr ĸartlarē ve 
otomatik aĵ uyumluluĵu kullanēlarak ­ºz¿mlenmiĸ ve kazēklara ait konik yenilme desenleri ile 

gº­me anēndaki maksimum ­ekme y¿kleri, sayēsal olarak elde edilmiĸtir. 

¶ Maksimum ­ekme y¿kleri (Qmax) incelendiĵinde, helis ­apē (D) ve kazēk gºm¿lme derinliĵi (L) 

arttēk­a ­ekme kapasitesinin arttēĵē belirlenmiĸtir. Helis aralēĵē (s) deĵiĸmesi durumunda, ­ekme 
kapasitesinde s¿rekli artēĸ veya s¿rekli azalēĸ gibi doĵrusal bir tepki gºzlenmemiĸtir. Helis sayēsē (N) 

etkisi i­in tek helisli ­ºz¿m referans alēndēĵēnda, iki helisli ­ºz¿mlerde ­ekme kapasitesinde net bir 

artēĸ ger­ekleĸmez iken ¿­ helisli kazēklarda ­ekme kapasitesi artmēĸtēr. 

¶ Laboratuvar ortamēnda ¿­ boyutlu olarak ger­ekleĸtirilen fiziksel ­ekme testleri; sayēsal ortamda iki 
boyutlu bir probleme indirgenerek eksenel simetri geometrik yaklaĸēmēyla OPTUM G2 yazēlēmēnda 
baĸarēyla modellenmiĸtir. Sonlu elemanlar limit analiz yºntemine gºre yapēlan ­ºz¿mlemelerde 

hesaplanan ­ekme y¿kleri; deneysel bulgularla kēyaslandēĵēnda, gº­me anēndaki maksimum ­ekme 

y¿k¿ deĵerleri arasēndaki farkēn ortalamasē yaklaĸēk %22 olarak bulunmuĸtur. Ayrēca, OPTUM G2 
yazēlēmēndan alēnan analiz ­ēktēlarēna gºre gº­me anēndaki konik yenilme y¿zeylerinin varlēĵē da 

gºrsel olarak ortaya koyulmuĸtur. 

¶ Geleneksel sayēsal analiz yaklaĸēmlarēndan biri olan doĵrusal olmayan sonlu elemanlar 

­ºz¿mlemelerinde, gº­me anēna artēmsal zaman adēmlarēyla ulaĸēlmaya ­alēĸēlēr iken klasik olarak 
nihai kapasitenin tayini y¿k-deplasman iliĸkisi ¿zerinden belirlenmektedir. Buna karĸēn, aynē 

zamanda bu ­alēĸmanēn yenilik­i ve ºzg¿n yanē olarak, mevcut sistemin gº­me anēnda, helisel 

kazēĵēn kapasitesini ifade eden maksimum ­ekme y¿k¿ deĵerleri; alt sēnēr-¿st sēnēr plastik gº­me 

y¿k¿ ve devamēnda takip eden optimizasyonlar sonucu doĵrudan sonlu elemanlar limit analizi 
yoluyla hesaplanmēĸtēr. 

¶ Sonlu elemanlar limit analizi yºntemini b¿nyesinde barēndēran, otomatik aĵ uyumluluĵu destekli 
­ºz¿mleme olanaklarē saĵlayan ve d¿zlem gerilme-eksenel simetri gibi ¿­ boyutlu problemleri iki 

boyuta indirgeme yaklaĸēmlarēna sahip olan OPTUM G2 geoteknik yazēlēmē, bu yºn¿yle bir­ok farklē 

kazēk-zemin etkileĸimli ­alēĸmada kullanēlabileceĵi ºn gºr¿lmektedir. 
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¥zet: Ger­ek d¿nya aĵlarēnēn yapēsal analizinde, d¿ĵ¿m (tepe) noktalarēnēn aĵ ¿zerindeki etkisini ve rol¿n¿ 

belirlemek ºnemli bir araĸtērma alanēdēr. Bu baĵlamda, baskēnlēk ve buna dayalē t¿retilmiĸ kavramlar, aĵ 

i­erisindeki kontrol ve etki bºlgelerinin belirlenmesinde yaygēn olarak kullanēlmaktadēr. Bu ­alēĸmada, baskēnlēk 

ve toplam baskēnlēk kavramlarēnēn geniĸletilmesiyle elde edilmiĸ olan yarē toplam baskēnlēk kavramē ele alēnmēĸtēr. 

Ķzole tepe i­ermeyen bir G grafēnda, bir S tepe k¿mesi, hem baskēn k¿me olma ºzelliĵini taĸēyorsa hem de her bir 

elemanē, k¿me i­inde en fazla uzaklēĵē iki olan baĸka bir tepeyle baĵlantēlēysa, bu k¿me yarē toplam baskēn k¿me 

olarak tanēmlanēr. Bu t¿r k¿melerin en k¿­¿k eleman sayēsē, grafēn yarē toplam baskēnlēk sayēsē ɔt2(G) olarak 
adlandērēlēr. Bu ­alēĸmada, Gxy+ transformasyonlarē altēnda oluĸan graflar incelenmiĸ ve bu baĵlamda tekerlek 

graf (Wn), iki par­alē tam graf (Km,n), tam graf (Kn) ve yēldēz graf (Sn) i­in yarē toplam baskēnlēk sayēlarē 

belirlenmiĸtir. Elde edilen sonu­lar, bu temel graf t¿rlerinden t¿retilen daha karmaĸēk aĵ yapēlarēnda, kritik 

d¿ĵ¿mlerin belirlenmesinde yapēsal olarak tutarlē ve etkili bir yaklaĸēm sunmaktadēr. Bu baĵlamda, ºnerilen 

yºntem iletiĸim, sosyal ve bilgisayar aĵlarēnda d¿ĵ¿m se­imi ve kontrol noktalarēnēn tespiti a­ēsēndan uygulama 

potansiyeline sahiptir. 

Anahtar Kelimeler: Graf Teori, Baskēnlēk, Yarē Toplam Baskēnlēk, Trasformasyon Graflar 

 

Semitotal Domination Number in Gxy+ Transformations of Some Graphs With Diameter At Most Two 

 

Abstract: In the structural analysis of real-world networks, determining the influence and role of nodes (vertices) 
in a network is a significant research area. In this context, domination and related derived concepts are widely 

used in identifying control and influence regions within a network. This study focuses on the concept of semitotal 

domination, which is an extension of domination and total domination. In a graph G without isolated vertices, a 

set S of vertices is called a semitotal dominating set if it is a dominating set and each of its elements is at most 

distance 2 from another vertex in the set. The smallest cardinality of such sets is the semitotal domination number, 

denoted ɔt2(G). This study examines graphs obtained under Gxy+ transformations and determines the semitotal 

domination numbers for wheel graphs (Wn), complete bipartite graphs (Km,n), complete graphs (Kn), and star 

graphs (Sn). The results offer a consistent and effective structural approach to identifying critical nodes in more 

complex networks derived from these basic graph types. Accordingly, the proposed method has potential 

applications in communication, social, and computer networks for node selection and control point detection. 

Keywords: Graph Theory, Domination, Semitotal Domination, Transformation Graphs 

 

1. GĶRĶķ 

Graf teori, matematiksel yapēlarēn tepeler ve bu tepeleri birbirine baĵlayan ayrētlar aracēlēĵēyla 
modellenmesini saĵlayan ºnemli bir ara­tēr. Bilgisayar bilimi, iletiĸim aĵlarē, sosyal aĵ analizi gibi 

bir­ok alanda yaygēn bi­imde kullanēlmaktadēr. ὋὠὋȟὉὋ  ile temsil edilen graflarda ὠὋ  tepeler 

k¿mesini, ὉὋ  ayrētlar k¿mesini gºstermektedir. Bir Ὃ grafēnēn her bir tepe ­ifti arasēndaki uzaklēklarēn 

maksimumuna ­ap denirken, bir tepeye baĵlē ayrēt sayēsēna da o tepenin derecesi denir ve ὨὩὫÖ ile 
gºsterilir (Chartrand ve Lesniak, 2004). Graf teori alanēnda yaygēn olarak ­alēĸēlan alt alanlardan biri 
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baskēnlēktēr. Bir ὛṖὠὋ  tepeler k¿mesinin baskēn k¿me olmasē i­in Ὃ grafēndaki t¿m tepelerin ya S 

k¿mesinde olmasē ya da S k¿mesindeki tepelerden herhangi birine komĸu olmasē gerekir. Elde edilen 

bu baskēn k¿melerden en az sayēda tepeye sahip olan k¿menin eleman sayēsēna grafēn baskēnlēk sayēsē 

denir ve ‎Ὃ ile gºsterilir. Baskēn k¿meler, aĵlarda izleme, kontrol, veri yayēlēmē ve kapsama alanē gibi 

pek ­ok pratik uygulamada temel ­ºz¿mleme ara­larēdēr. Bu kavram, ºzellikle Haynes, Hedetniemi ve 

Slater tarafēndan yapēlan kapsamlē ­alēĸmalarla (Haynes vd.,1998a; Haynes ve Hedetniemi, 1998b), 
hem teorik temelleriyle hem de uygulamalē yºnleriyle derinlemesine ele alēnmēĸtēr. Bu ­alēĸmalar, 

baskēnlēk kuramēnēn temel yapē taĸlarēnē ortaya koyarak sonraki pek ­ok araĸtērmaya zemin hazērlamēĸtēr. 

Ancak ger­ek d¿nya aĵlarēnda yalnēzca doĵrudan komĸuluk iliĸkisi yeterli olmayabilir. Bu nedenle, 

klasik baskēnlēk kavramē zamanla geniĸletilmiĸ ve toplam baskēnlēk, yarē toplam baskēnlēk gibi daha 
farklē ºl­¿tler geliĸtirilmiĸtir. Bu ­alēĸmada odaklanēlan ve Goddard, Henning ve McPillan tarafēndan 

2014 yēlēnda tanēmlanan yarē toplam baskēnlēk kavramēnda, bir k¿menin baskēn olmasēnēn yanē sēra, 

k¿medeki her tepe noktasēnēn yine aynē k¿mede yer alan baĸka bir tepe ile en fazla iki uzaklēk i­inde 
olmasē gerekmektedir (Goddard vd., 2014). Bu yºn¿yle yarē toplam baskēnlēk, aĵēn i­ yapēsal 

b¿t¿nl¿ĵ¿n¿ daha b¿t¿nc¿l ĸekilde analiz etmeye olanak tanēmakta ve klasik baskēnlēk kuramēnēn 

ºtesinde, etkileĸim kapasitesinin daha hassas bi­imde deĵerlendirilmesini saĵlamaktadēr. Bir grafēn yarē 

toplam baskēnlēk sayēsē, en az elemana sahip yarē toplam baskēn k¿menin eleman sayēsēdēr ve ‎ Ὃ ile 

gºsterilir. Yarē toplam baskēnlēk sayēsēnē veren k¿meye de ‎ -set denir. 

2. BĶLĶNEN SONU¢LAR 

Bu bºl¿mde, ­alēĸmanēn b¿t¿nl¿ĵ¿n¿ saĵlamak ve sunulan ispatlarēn anlaĸēlabilirliĵini artērmak 

amacēyla kullanēlan temel teoremler sunulacaktēr. 

Gºzlem 2.1.  dereceli bir tepeye sahip bir  grafē i­in yarē toplam baskēnlēk sayēsē  dir. 

Gºzlem 2.2. Eĵer G izole tepe i­ermeyen bir graf ise ‎ Ὃ ς dir. 

Teorem 2.3. (Goddard vd., 2014) Eĵer G izole tepe i­ermeyen bir graf ise ‎Ὃ ‎ Ὃ ‎Ὃ  dir. 

Teorem 2.4. (Goddard vd., 2014)  tepeli bir ­evre graf olmak ¿zere ‎ὅ  d¿r. 

Teorem 2.5. (Turacē, T., 2012) W1,n ὲ ρ tepeli bir tekerlek graf olsun. Bu durumda ‎ὡ ȟ

 d¿r. 

Teorem 2.6. (Turacē, T., 2012) W1,n ὲ ρ tepeli bir tekerlek graf olsun. Bu durumda ‎ὡ ȟ σ d¿r. 

Teorem 2.7. (Turacē, T., 2012) Kn ὲ tepeli bir tam graf olsun. Bu durumda ‎ὑ  dir. 

Teorem 2.8. (Turacē, T., 2012) W1,n ὲ ρ tepeli bir tekerlek graf olsun. Bu durumda ‎ὡ ȟ τ d¿r. 

3. TRANSFORMASYON GRAFLARDA YARI TOPLAM BASKINLIK  

Bu bºl¿mde, transformasyon graf tanēmē verilip Gxy+ dºn¿ĸ¿mlerinin nasēl elde edildiĵi anlatēlacaktēr. 

Daha sonra, ­apē en fazla iki olan bazē bilinen graflar sēnēflarēnēn - Kn, S1,n, W1,n - G
+++ G+-+ G-++ G--+ 

dºn¿ĸ¿mleri altēnda elde edilen yarē toplam baskēnlēk sonu­larē verilecektir. 

Tanēm: (Wu ve Meng, (2001)) G = (V(G), E(G)) bir graf ve x, y, z deĵiĸkenleri {+,-} deĵerlerini alan 

¿­ parametre olsun. Gxyz transformasyon grafēnēn tepe k¿mesi V(G)  ᷾E(G)ôdir. ὥȟὦɴ ὠὋ ᷾ὉὋ  

olmak ¿zere, a ile bônin Gxyz ôde komĸu olmasē i­in gerekli ve yeterli koĸullar: 

¶ Eĵer aȟὦɴ ὠὋ  ise: 

x = + : a ile b, G grafēnda komĸudur. 

x = ī : a ile b, G grafēnda komĸu deĵildir. 

¶ ὥȟὦɴ ὉὋ  

y = + : a ile b, G grafēnda komĸudur 

y = ī : a ile b, G grafēnda komĸu deĵildir. 
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¶ ὥɴ ὠὋȟὦɴ ὉὋ(veya tersi) ise: 

z = + : a ile b, G grafēnda komĸudur. 

z = ī : a ile b, G grafēnda komĸu deĵildir 

ķekil 1ôde transformasyon graf oluĸumuna ºrnek olarak ὡ ȟ tekerlek grafē ve G+++ dºn¿ĸ¿m¿ altēnda 

elde edilen ὡ ȟ  grafē verilmiĸtir. 

 

ķekil 1. (a) ὡ ȟ tekerlek grafē, (b) ὡ ȟ  transformasyon grafē 

 

3.1. ╖  Transformasyon Graflarē 

Teorem 3.1.1. Ὓȟȟ ὲ ρ tepeli bir yēldēz graf olsun. Bu durumda, Ὓȟ  transformasyon grafēnēn yarē 

toplam baskēnlēk sayēsē de ‎ Ὓȟ ς dir. 

Ķspat. Ὓȟ yēldēz grafēnda yer alan merkez tepeyi ὧ ile adlandēralēm. ὧ tepesi, Ὃ  dºn¿ĸ¿m¿ altēndaki 

Ὓȟ  grafēnda t¿m tepeler ile komĸudur. Yani ὨὩὫ
ȟ
ὧ ὠὛȟ ρ dir. Bºylece Gºzlem 

2.1.ôden ‎ Ὓȟ ς elde edilir. 

Teorem 3.1.2. , ὲ ρ tepeli bir tekerlek graf olsun. Bu durumda,  grafēnēn yarē toplam 

baskēnlēk sayēsē ὲ φ i­in  dir.  

Ķspat. k¿mesi,  grafē i­in bir -set olsun.  grafēnēn merkez tepesini  ile isimlendirelim. 

 grafē ,  ve  alt graflarēnē i­erir.  tepesi  ve alt graflarēndaki t¿m tepelere 

komĸudur. Bu durumda,  olmasē gerekir. Bºylece  grafēndaki , ve  alt graflarēnēn 

t¿m tepeleri bastērēlmēĸ olur. Geriye sadece  alt grafēnēn tepeleri kalēr.  i­in 

 olduĵundan  k¿mesine  tane tepenin eklenmesi gerekir. Bºylece, 

‎ ὡ ȟ ρ ‎ὅ  elde edilir. Teorem 2.4ôden, ‎ ὡȟ ρ  olduĵu gºr¿lmektedir. 

Ayrēca Teorem 2.3. ve Teorem 2.5.ôden ‎ ὡ ȟ ‎ὡ ȟ  olduĵu bilinmektedir. Alt ve 

¿st sēnērdan  transformasyon grafēnēn yarē toplam baskēnlēk sayēsē  elde 

edilir. 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 131 

Teorem 3.1.3. , ὲ tepeli bir tam graf olsun. Bu durumda,  grafēnēn yarē toplam baskēnlēk sayēsē 

‎ ὑ  dir. 

Ķspat. Ὓ k¿mesi, ὑ  grafē i­in bir ‎ -set olsun. ὒὑ Ṓὑ  alt grafēnda yer alan ὭὮ Ὥɴ
ρȟςȟȣȟὲ ρȟὮɴ Ὥ ρȟȣȟὲ tepelerini i indisine gºre gruplandērdēĵēmēzda ὲ ρ tane grup yer 

almaktadēr ve herhangi bir ὭὮ tepesi Ὓ k¿mesine eklendiĵinde, ὭȢ ve Ὥ ρȢ gruplardaki t¿m tepeler 
bastērēlmēĸ olur. Ayrēca ὑ Ṓὑ  alt grafēndaki i ve j tepeleri de bastērēlmēĸ olur. Eĵer n ­ift ise 

ὒὑ Ṓὑ  alt grafēndaki ρςȟστȟȣȟὲ ρὲ tepeleri Ὓ k¿mesine alēnarak t¿m tepeler bastērēlmēĸ 

olur ve ȿὛȿ  elde edilir. Eĵer n tek ise ὒὑ Ṓὑ  alt grafēndaki ρςȟστȟȣȟὲ ςὲ ρ 

tepeleri Ὓ k¿mesine alēnarak n tepesi hari­ t¿m tepeler bastērēlmēĸ olur. n tepesini bastērmak i­in S 

k¿mesine bir tepe daha eklenmesi gerekir ve bºylece ȿὛȿ ρ elde edilir. Sonu­ olarak, iki durum 

birleĸtirildiĵinde ‎ ὑ ȿὛȿ  elde edilir. 

3.2. ╖  Transformasyon Graflarē 

Teorem 3.2.1. Ὓȟȟὲ ρ tepeli bir yēldēz graf olsun. Bu durumda Ὓȟ  grafēnēn yarē toplam baskēnlēk 

sayēsē ‎ Ὓȟ
 ς dir. 

Ķspat. Ὓȟ yēldēz grafēnda yer alan merkez tepeyi ὧ ile adlandēralēm. Ὃ  dºn¿ĸ¿m¿ altēnda c merkez 

tepesi ὠὛȟ ὧ k¿mesindeki t¿m tepeler ile komĸudur. Dolayēsēyla, ὨὩὫ
ȟ
ὧ ὠὛȟ

ρ dir. Teorem 2.1.ôden ‎ Ὓȟ
 ς elde edilir. 

Teorem 3.2.2.  n+1 tepeli bir tekerlek graf olsun. Bu durumda,  i­in  grafēnēn yarē 

toplam baskēnlēk sayēsē  d¿r. 

Ķspat. Ὓ k¿mesi,  grafē i­in bir ‎ -set olsun.  grafēnēn merkez tepesini c ile adlandēralēm. ὧ 

tepesi Ὃ  grafēnēn yapēsē gereĵi ὠὡ ȟ ὧ᷾ ρόȟόᶰρȟςȟȣȟὲ ρ} k¿mesindeki her tepe ile 

komĸudur. Dolayēsēyla ὧɴ Ὓ olmalēdēr. Geriye bastērēlmamēĸ {23,34,é,(n+1)1} tepeleri kalēr. Bunlar 
i­in de {x,y}ž{z,w}= ɲolacak ĸekilde Ὓ k¿mesine 2 tane xy ve zw tepelerinin eklenmesiyle t¿m tepeler 

bastērēlmēĸ olur. Aynē zamanda Ὓ k¿mesi i­erisindeki tepeler iki uzaklēk i­inde olduĵundan 
‎ ὡ ȟ σ elde edilir. Teorem 2.3. ve Teorem 2.6ôdan ‎ ὡ ȟ σ olduĵu gºr¿lmektedir. Alt 

ve ¿st sēnērlardan ‎ ὡ ȟ σ elde edilir. 

Teorem 3.2.3. ὑ , ὲ tepeli bir tam graf olsun. Bu durumda, ὑ  grafēnēn yarē toplam baskēnlēk sayēsē 

‎ ὑ σ d¿r.  

Ķspat. Ὓ k¿mesi, ὑ  grafē i­in bir ‎ -set olsun. ὒὑ Ṓὑ  grafēnda yer alan ὭὮ Ὥɴ
ρȟςȟȣȟὲ ρȟὮɴ Ὥ ρȟȣȟὲ tepelerini i indisine gºre gruplandērdēĵēmēzda ὲ ρ tane grup yer 

almaktadēr ve herhangi bir ὭὮ tepesi Ὓ k¿mesine eklendiĵinde Ὥ ve Ὦ gruplarē hari­ ὒὑ  grafēndaki t¿m 

tepeler bastērmēĸ olur. ὑ  grafēndan Ὥ ve Ὦ tepeleri S k¿mesine eklenerek hem ὑ grafēndaki t¿m tepeler 
hem de ὒὑ  grafēnda yer alan Ὥ ve Ὦ gruplarēndaki t¿m tepeler bastērēlmēĸ olur. Ὓ k¿mesi i­erisindeki 
iki uzaklēk koĸulu da saĵlandēĵēndan ‎ ὑ ȿὛȿ σ elde edilir. 

3.3. ╖  
Transformasyon Graflarē 

Teorem 3.3.1. Ὓȟȟὲ ρ tepeli bir yēldēz graf olsun. Bu durumda Ὓȟ  grafēnēn yarē toplam baskēnlēk 

sayēsē ‎ Ὓȟ ς dir. 

Ķspat. Ὓȟ yēldēz grafēnēn merkez tepesini ὧ ile adlandēralēm. Ὃ  dºn¿ĸ¿m¿ altēnda ὧ tepesi ὒὛȟ Ṓ

Ὓȟ  alt grafēndaki t¿m tepelere komĸudur. Geriye bastērēlmamēĸ Ὓȟ ὧ alt grafēndaki tepeler kalēr. 

Bu yapē da bir tam graf olduĵundan bir tepenin alēnmasēyla hepsi bastērēlmēĸ olur. Ayrēca Teorem 

2.2.ôden ‎ Ὓȟ ς olduĵu bilinmektedir. Sonu­ olarak ‎ Ὓȟ ς elde edilir. 

Teorem 3.3.2. ὑ  ὲ tepeli bir tam graf olsun. Bu durumda, ὑ  grafēnēn yarē toplam baskēnlēk sayēsē 

‎ ὑ  dir.  
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Ķspat. Ķspat, Teorem 3.1.3ô¿n ispatēna benzer ĸekilde yapēlēr. 

3.4.
 ╖  

Transformasyon Graflarē 

Teorem 3.4.1. Ὓȟȟὲ ρ tepeli bir yēldēz graf olsun. Bu durumda, Ὓȟ
 transformasyon grafēnēn yarē 

toplam baskēnlēk sayēsē ‎ Ὓȟ
 ς dir. 

Ķspat. Ὓȟ yēldēz grafēnda yer alan merkez tepeyi ὧ ile adlandēralēm. ὧ tepesi, Ὃ  dºn¿ĸ¿m¿ altēnda 

ὒὛȟ ṒὛȟ  alt grafēndaki t¿m tepeler ile komĸudur. Ayrēca ὒὛȟ ὧ alt grafē da bir tam graf 

oluĸturduĵundan, bu tepelerin herhangi bir tanesi ile diĵer tepeler bastērēlmēĸ olur. Bºylece Ὓ

όȟὧὭȿ όᶰρȟςȟȣȟὲ ρȟὭɴ ρȟςȟȣȟὲ ρ  k¿mesi Ὓȟ  grafē i­in bir ‎ -settir ve ‎ Ὓȟ
 

ς elde edilir. 

Teorem 3.4.2. , ὲ ρtepeli bir tekerlek graf olsun. Bu durumda, ὲ φ i­in ὡ ȟ
 transformasyon 

grafēnēn yarē toplam baskēnlēk sayēsē ‎ ὡ ȟ
 τ t¿r. 

Ķspat. Teorem 2.3 ve Teorem 2.8ôden ‎ ὡ ȟ
 ‎ὡ ȟ

 4 olduĵu biliniyor.  grafēnēn 

merkez tepesini ὧ ile adlandēralēm. Ὓ k¿mesi de ὡ ȟ
  grafē i­in bir yarē toplam baskēn k¿me olsun. 

ὡ ȟ
  grafēnēn en b¿y¿k dereceli tepeleri V( ὒὡ ȟ ὧρȟὧςȟȣȟὧὲ tepeleri olduĵundan Ὓ 

k¿mesine ρς tepesini ekleyerek iĸleme baĸlayalēm. ρς tepesi ile ρȟςȟὧσȟȣȟὧὲȟστȟτυȟȣȟὲρ tepeleri 

bastērēlmēĸ olur. 34 tepesi ile ὧρȟὧςȟσȟτ tepeleri bastērēlmēĸ olur. ς tepesi ile ὡ ȟ ὧ alt grafēnda 

bastērēlmamēĸ t¿m tepeler de bastērēlmēĸ olur. Geriye sadece ὧ tepesi kalēr. Bu tepenin de Ὓ k¿mesine 
eklenmesiyle t¿m tepeler bastērēlmēĸ olur ve Ὓ k¿mesi i­erisinde iki uzaklēk koĸulu da saĵlandēĵēndan, 

‎ ὡ ȟ
 ȿὛȿ τ elde edilir. Bºylece alt ve ¿st sēnērdan ispat tamamlanēr. 

4. SONU¢ 

Bu ­alēĸmada, graf teorisinin ºnemli konularēndan biri olan yarē toplam baskēnlēk kavramē, ­apē en 

fazla iki olan bazē temel graf t¿rleri ¿zerinde yapēlan Ὃ  transformasyonlarē baĵlamēnda 

incelenmiĸtir. Transformasyon graf kavramē ¿zerinden yapēlan analizlerde, yēldēz grafē Ὓȟ, tekerlek 

grafē ὡ ȟȟ tam graf ὑ  gibi yaygēn kullanēlan graf sēnēflarē ele alēnmēĸ ve bu graflarēn ­eĸitli 

Ὃ dºn¿ĸ¿mleri altēnda elde edilen yeni yapēlar i­in yarē toplam baskēnlēk sayēlarē belirlenmiĸtir. 

¢alēĸmanēn bulgularē, ºzellikle aĵ yapēlarēnda kritik tepelerin se­imi, kontrol noktalarēnēn belirlenmesi 

ve aĵēn etkili bi­imde izlenmesi gibi uygulama alanlarēnda yarē toplam baskēnlēk kavramēnēn g¿­l¿ bir 

ara­ olarak kullanēlabileceĵini gºstermektedir. Transformasyon graflar ¿zerindeki bu t¿r analizlerin, 
ilerleyen ­alēĸmalarda daha b¿y¿k ve karmaĸēk aĵ yapēlarē i­in de genellenerek uygulanabileceĵi 

deĵerlendirilmektedir. Bu doĵrultuda, gelecekte yapēlacak ­alēĸmalarēn farklē graf sēnēflarē ve yeni 

transformasyon t¿rleri ¿zerinde yarē toplam baskēnlēk analizi ger­ekleĸtirmesi, hem teorik geliĸim hem 

de uygulamalē katkēlar a­ēsēndan ºnemli bir potansiyel taĸēmaktadēr. 
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¥zet: Gēda ¿retimi, t¿ketimi ve tedarik zinciri s¿re­leri, k¿resel sera gazē emisyonlarēnēn ºnemli bir bºl¿m¿n¿ 

oluĸturmakta ve bu durum, s¿rd¿r¿lebilir beslenme ve ­evre politikalarē a­ēsēndan kritik bir sorun teĸkil 

etmektedir. ¥zellikle hayvansal ve bitkisel ¿r¿nler arasēnda karbon ayak izi bakēmēndan belirgin farklar 

bulunmaktadēr. Bu ­alēĸmada, g¿ncel literat¿rden elde edilen veriler ēĸēĵēnda bitkisel ve hayvansal ¿r¿nlerin 
­evresel etkileri karĸēlaĸtērēlmēĸtēr. Hayvansal ¿r¿nlerin, ºzellikle sēĵēr eti ve s¿t gibi geviĸ getiren hayvan kaynaklē 

gēdalarēn ¿retim s¿re­lerinde y¿ksek oranda metan ve karbondioksit salēnēmē ger­ekleĸmektedir. Buna karĸēlēk, 

bitkisel ¿retim, ºzellikle meyve, sebze ve tahēllar, daha d¿ĸ¿k sera gazē emisyonlarē ile ­evre dostu bir alternatif 

sunmaktadēr. Ayrēca, organik tarēm ve permak¿lt¿r gibi s¿rd¿r¿lebilir ¿retim modelleri, gēda sistemlerinin 

­evresel etkisini azaltma potansiyeline sahiptir. ¢alēĸmada ayrēca, t¿keticilerin bilin­li beslenme tercihleri ile 

karbon ayak izini d¿ĸ¿rmenin m¿mk¿n olduĵu ve bitki temelli diyetlerin, sera gazē salēnēmēnē azaltmanēn yanēnda 

insan saĵlēĵēna da olumlu katkēlar sunduĵu vurgulanmaktadēr. Elde edilen bulgular, ­evre dostu tarēm 

uygulamalarēnēn yaygēnlaĸtērēlmasē ve t¿ketim alēĸkanlēklarēnēn dºn¿ĸt¿r¿lmesinin, s¿rd¿r¿lebilir gēda 

sistemlerinin temel bileĸenleri olduĵunu ortaya koymaktadēr. 

Anahtar Kelimeler: Karbon Ayak Ķzi, S¿rd¿r¿lebilir Beslenme, Sera Gazē Emisyonlarē, Ķklim Deĵiĸikliĵi 

 

Comparison of Carbon Footprint in Plant- and Animal-Based Products: A Roadmap for Sustainable 

Nutrition 

 

Abstract: Food production and consumption are among the leading contributors to global greenhouse gas (GHG) 

emissions, making it essential to evaluate the environmental impacts of different dietary choices. This chapter 

compares the carbon footprint of plant-based and animal-based food products and explores their roles in shaping 

sustainable nutrition strategies. Research findings indicate that animal-based products, particularly red meat and 

dairy from ruminants, generate significant GHG emissions due to methane release during enteric fermentation 

and CO  emissions throughout production. In contrast, plant-based products, especially fruits, vegetables, and 

cereals, offer environmentally friendly alternatives with relatively lower carbon footprints. Furthermore, 

sustainable agricultural practices such as organic farming and permaculture are highlighted for their potential 
to reduce the environmental impact of food systems by enhancing soil quality, reducing synthetic inputs, and 

promoting biodiversity. The chapter also emphasizes the critical role of consumer dietary choices in reducing 

GHG emissions. Shifting toward plant-based diets not only mitigates carbon footprints but also supports human 

health through nutrient-rich food consumption. Overall, the findings underline the importance of integrating 

environmentally conscious agricultural models and promoting consumer awareness to achieve sustainable and 

low-carbon food systems for future generations. 

Keywords: Carbon Footprint, Sustainable Nutrition, Greenhouse Gas Emissions, Climate Change 

 

Giriĸ 

Uygun beslenmeye eriĸim, ­eĸitli sosyal, politik ve ekonomik koĸullardan etkilenen temel bir insan 

ihtiyacēdēr. Ķnsan saĵlēĵē ve refahē, dengeli ve tam bir diyetten etkilenir. Bir gēda t¿r¿n¿n diĵerine tercih 
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edilmesi, tedarik zincirinde ve ¿retim s¿reciyle ilgili ­evresel, ekonomik ve sosyal sorunlarda anēnda 

etkilere sahiptir (Afrouzi ve ark., 2023). K¿resel gēda ve tarēm sektºrleri, hēzla artan k¿resel n¿fus, 

geniĸleyen orta sēnēf ve daha fazla insanēn y¿ksek kaliteli, d¿ĸ¿k maliyetli gēdaya ulaĸma isteĵinin 
artmasē da dahil olmak ¿zere ­ok sayēda baskēyla karĸē karĸēyadēr (Thoma ve ark., 2018). Karbon ayak 

izleri, t¿ketim mallarēnēn ¿retimi, iĸlenmesi ve perakende satēĸē sērasēnda yayēlan toplam sera gazē 

miktarēnē tahmin eder. Ama­, tedarik zincirlerindeki baĸlēca emisyon kaynaklarēnē belirleyerek ilgili 
paydaĸlarē bilgilendirmek ve bºylece emisyonlarē azaltmak i­in ºnlemler alēnmasēnē saĵlamaktēr 

(Plassmann ve Edwards-Jones, 2010). Baĸka bir kavramla; Karbon ayak izi, "Antropojenik faaliyetler 

nedeniyle ¿retilen sera gazlarēna eĸdeĵer ton cinsinden karbondioksit" olarak tanēmlanabilir (Bhatia ve 
ark., 2023). ¢eĸitli ¿r¿n ve s¿re­lerin ­evresel etkisini deĵerlendirmek i­in kullanēlēr ve sera gazē 

emisyonlarēnē yºnetmek i­in ºnemli bir ara­tēr (¢elekli ve Zari­, 2023). Gēda iĸleme, enerji yoĵun bir 

s¿re­tir ve genellikle teĸhis edilemeyen ve dolayēsēyla niceliksel olarak ºl­¿lemeyen ­evre ¿zerinde bir 

etkiye sahiptir (Naresh Kumar ve Chakabarti, 2019). Karbon ayak izi, doĵrudan iklim deĵiĸikliĵiyle 
baĵlantēlēdēr ve bu da ­evresel sorunlarēn ve gēda g¿venliĵinin d¿nya ­apēnda ortak endiĸeler haline 

gelmesine neden olur (Afrouzi ve ark., 2023).Gēda sistemi, iklim deĵiĸikliĵine en b¿y¿k katkēda 

bulunanlardan biri olarak tanēmlanmēĸtēr (Rººs ve ark., 2014). Sera gazē emisyonlarēnēn baĸlēca 
kaynaklarē, topraklardan gelen azot oksit (N 2O), hayvanlarda enterik fermantasyondan kaynaklanan 

metan (CH 4) ve ormansēzlaĸma gibi arazi kullanēm deĵiĸikliklerinden kaynaklanan karbondioksittir 

(CO 2) (Rººs ve ark., 2014). 

Giderek daha da ºnemli hale gelen bir diĵer konu ise beslenme d¿zenleri, kaynak t¿ketimi ve ­evresel 

etkiler arasēndaki iliĸkidir. T¿keticilerin, en ­evre dostu beslenme tercihini belirleyebilmeleri i­in satēn 

alma se­eneklerinin ­evresel s¿rd¿r¿lebilirliĵi hakkēnda bilgilendirilmeleri gerekir (Gonz§lez-Garc²a ve 

ark., 2018). Gēda end¿strisi, insan t¿ketimi i­in gēda saĵlamada ºnemli bir rol oynar. Gēda 
bulunabilirliĵi, daĵētēmē ve kalitesi a­ēsēndan toplum ihtiya­larēnē karĸēlar. Hēzla deĵiĸtiĵi i­in d¿nyanēn 

en dinamik ekonomik sektºrlerinden biridir (Sadiku ve ark., 2019). Gēda sistemi, esas olarak Sera gazē 

emisyonu, su gereksinimi ve arazi kullanēmē ile iliĸkilendirilen olumsuz ­evresel etkiler a­ēsēndan en 
ºnemli sektºrlerden biri olarak kabul edilir (Gonz§lez-Garc²a ve ark., 2018). Tarēmsal gēda sektºr¿, 

ekonominin birbirinden ayrēlmaz iki sektºr¿n¿ i­erir: Bitkisel ve hayvansal hammadde kaynaĵē olan 

tarēm ve tarēmsal ¿r¿nlerin ana alēcēsē olan ve aynē zamanda tarēmsal hammadde ¿retimini teĸvik 

etmekten ve yºnlendirmekten sorumlu olan gēda iĸleme (Karwacka ve ark., 2020). FAO verilerine gºre 
hayvansal ¿retim, yani et ve s¿t ¿r¿nleri, k¿resel sera gazē emisyonlarēnēn %18'ini oluĸturmaktadēr. 

T¿ketilen etin t¿r¿ne baĵlē olarak, etsiz bir diyetin etli bir diyetten ­evreye birka­ kat daha az zararlē 

olduĵu tahmin edilmektedir (Karwacka ve ark., 2020). Ortalama bir orta et yiyen, 12,4 pound karbon 
¿retir. Aĵēr et yiyen birinin diyetiyle karĸēlaĸtērēldēĵēnda, ortalama bir vejetaryen diyet her g¿n 8,4 pound 

karbondioksit ¿retir. Bu, aĵēr et yiyen bir diyetin genellikle ¿rettiĵi karbonun neredeyse yarēsēdēr 

(Afrouzi ve ark., 2023). 

Gēda ¦retiminin ¢evresel Etkileri 

Gēda ¿retiminin ­evresel etkisinin bir ºl­¿s¿, sera gazē emisyonlarē olarak tahmin edilen gēdalarēn 

karbon ayak izinin yaĸam dºng¿s¿ deĵerlendirmesidir (Drewnowski ve ark., 2015). Karbon ayak izi, bir 

¿r¿n¿n veya hizmetin ham maddeden bertarafēna kadar t¿m yaĸam dºng¿s¿ boyunca ­evresel etkisini 
deĵerlendiren bir s¿re­tir. Hayvancēlēk ¿retiminin ­evresel etkisi, ºncelikle k¿resel ēsēnma ¿zerindeki 

bildirilen etkiler nedeniyle ºnemli ve tartēĸmalē bir k¿resel sorun haline gelmiĸtir. Bu endiĸe t¿m et 

hayvanlarē i­in ge­erlidir, ancak ºzellikle enterik metan emisyonlarē nedeniyle sēĵērlar i­in ge­erlidir 
(Rotz ve Rotz, 2020). Hayvancēlēk sektºr¿ doĵal kaynaklarēn ºnemli bir kullanēcēsē olup, azot, fosfor ve 

karbonun biyojeokimyasal dºng¿lerini deĵiĸtirerek hava kalitesi, k¿resel iklim, toprak kalitesi, biyolojik 

­eĸitlilik ve su kalitesi ¿zerinde ºnemli etkiye sahip olup, ­evresel endiĸelere yol a­maktadēr (Tullo ve 
ark., 2019). ¥rneĵin Gēda ve Tarēm ¥rg¿t¿'ne gºre, d¿nya hayvancēlēk sektºr¿ k¿resel sera gazē 

emisyonunun %18'inden sorumludur. Bu %18'lik katkē, fosil yakēt yanmasē ve ormansēzlaĸmadan 

kaynaklanan karbondioksit emisyonu, g¿bre ve geviĸ getiren hayvanlar tarafēndan baĵērsak 

fermantasyonu sonucu oluĸan metan emisyonu ve yetiĸtirme sērasēnda g¿bre uygulamasēndan 

kaynaklanan azot oksit emisyonu ile a­ēklanmēĸtēr (De Vries ve de Boer, 2010). 

Hayvancēlēk faaliyetleri, ºzellikle sēĵēr yetiĸtiriciliĵi, atmosferdeki sera gazē konsantrasyonlarēnē ºnemli 

ºl­¿de etkileyen metan emisyonlarēnēn baĸlēca kaynaklarēndan biridir. Sēĵērlar tarafēndan ¿retilen metan, 

https://www.sciencedirect.com/topics/food-science/food-security
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atmosferde oksitlenerek karbondioksite dºn¿ĸ¿r ve bu karbon, fotosentez yoluyla yeniden bitkisel 

¿retime d©hil olur ķekil 1ôde verilmiĸtir (Rotz ve Rotz, 2020). 

 

 

ķekil 1. Sēĵēr ve diĵer ­iftlik hayvanlarē tarafēndan ¿retilen metan, metanēn atmosferde oksitlenerek 

karbonu tekrar karbondioksite dºn¿ĸt¿rd¿ĵ¿ doĵal dºng¿n¿n bir par­asēdēr; karbondioksit formu, 

baĸlangē­ta b¿y¿yen yem bitkilerinde karbonhidratlarē sabitlemek i­in kullanēlēr (Rotz ve Rotz, 2020). 

 

Tarēm sektºr¿ k¿resel gēda g¿venliĵi i­in elzem olmasēnēn yanē sēra, ­evresel bozulmaya ve iklim 
deĵiĸikliĵine de en b¿y¿k katkēda bulunan sektºrlerden biridir (Kross ve ark., 2022). Gēda, lif ve farklē 

hammaddeler saĵlayarak tarēmsal sistemler, insan pop¿lasyonlarēnēn s¿rd¿r¿lmesi i­in gereklidir. 

Ancak bu sistemlerin ­evre ¿zerinde ºnemli bir olumsuz veya olumlu etkiye sahip olma potansiyeli 
vardēr (Ullah ve Shabir, 2023). Organik tarēm ve otla beslenmiĸ sēĵēr eti gibi gēda ¿retim sistemleri, 

tarēmēn ­evresel etkilerini azaltmanēn potansiyel yollarē olarak ºnerilmiĸtir. ¥rneĵin organik tarēm, 

tarēmsal kimyasal girdileri g¿bre gibi doĵal girdilerle veya haĸere kontrol¿ gibi ekosistem hizmetleriyle 

deĵiĸtirdiĵi i­in, y¿ksek girdili geleneksel sistemlere kēyasla daha d¿ĸ¿k ­evresel etkiye sahip olarak 
sēklēkla teĸvik edilir (Clark ve Tilman, 2017). Toprakta karbon depolama yeteneĵinin daha y¿ksek 

olmasē nedeniyle, organik tarēm b¿y¿k ºl­ekte benimsenirse CO2 azaltēmēnē iyileĸtirmenin bir yolunu 

temsil edebilir (Gomiero ve ark., 2011). Tarēm sektºr¿ndeki sera gazē emisyonlarē fosil yakētlarēn 
kullanēmēndan (makine, mekan ve proses ēsētmasē ve diĵer kullanēmlar i­in), hayvan yetiĸtiriciliĵinden 

ve tarēmsal arazi kullanēmēndan (mineral ve/veya organik g¿brelerle g¿breleme, azot bileĸiklerinin suda 

durulanmasē, ¿r¿n artēklarēnēn ayrēĸtērēlmasē, histosollerin iĸlenmesi, vb.) kaynaklanmaktadēr. Dolaylē 
sera gazē emisyonlarē ise tarēmda elektrik t¿ketimi ve bºlgesel ēsētma nedeniyle ortaya ­ēkmaktadēr (Al-

Mansour ve Jejcic, 2017). 

Hayvansal ¦r¿nlerin Karbon Ayak Ķzi 

Hayvancēlēk sektºr¿n¿n toprak, su ve enerji gibi doĵal kaynaklara olan ihtiyacē artmaktadēr ve bu 
sektºr¿n hava, su ve toprak ¿zerinde ciddi bir ­evresel etkisi vardēr. Bu etkiler, ­evreye yapēlan ­eĸitli 

emisyonlardan ve ¿retim s¿re­leriyle iliĸkili kaynaklarēn t¿ketiminden kaynaklanmaktadēr (Djekic, 

2015). Et, en b¿y¿k ­evresel etkiye sahip gēda ¿r¿n¿d¿r. Bunun nedeni, hayvanlarēn yemi ete 
dºn¿ĸt¿rmedeki verimsizliĵidir, ­¿nk¿ t¿ketilen enerjinin %75-90'ē v¿cut bakēmē i­in gereklidir veya 

g¿bre ve deri ve kemik gibi yan ¿r¿nlerde kaybolur (Rººs ve ark., 2013). Et t¿rleri arasēnda, geviĸ 

getiren hayvan ¿retimi genellikle geviĸ getirmeyen memelilere gºre daha fazla emisyona yol a­ar ve 

k¿mes hayvanē ¿retimi genellikle memelilere gºre daha az emisyona yol a­ar. Et ¿retimi, CO2 ile 
karĸēlaĸtērēldēĵēnda ­evredeki nispeten y¿ksek bir ēsēnma potansiyeline ancak d¿ĸ¿k bir yarē ºmre sahip 

olan metanēn en ºnemli kaynaĵēdēr (Godfray ve ark., 2018). Sēĵēr eti ­evresel etkileri nedeniyle en ­ok 

ilgi gºren ¿r¿n olarak ortaya ­ēkmaktadēr. Bunun nedeni, sēĵēr eti ¿retiminin iklim deĵiĸikliĵi ve arazi 
kullanēmē gibi k¿resel ­evre sorunlarēna yaptēĵē belirgin toplu katkēdēr. K¿resel olarak, sēĵēr eti tedarik 

zincirlerinin yaĸam dºng¿s¿ yaklaĸēmē kullanēlarak yaklaĸēk 2,9 gigaton CO2 -eq yani t¿m hayvancēlēk 
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emisyonlarēnēn yaklaĸēk %40'ēnē yaydēĵē tahmin edilmektedir (Gerber ve ark., 2015). K¿resel s¿t 

¿retimi, iĸlenmesi ve taĸēnmasēnēn toplam antropojenik emisyonlara genel katkēsēnēn %2,7 olduĵu 

tahmin edilmektedir (Bertrand ve Barnett, 2011). ¢iftlikteki s¿t ¿retiminin bir kēsmē ve iĸleme sērasēnda 
kullanēlan enerji, s¿t end¿strisinin toplam sera gazē emisyonlarēna en b¿y¿k iki katkēda bulunan 

unsurdur. ¥rneĵin, tereyaĵē, ­edar peyniri ve yaĵsēz s¿t tozunun kilogram baĸēna s¿t katēsē i­eriĵi, ­iĵ 

s¿tten sērasēyla 1,2, 5,1 ve 7,9 kat daha y¿ksektir. Tersine, yoĵurt i­in s¿t katēsē konsantrasyon faktºr¿ 
yalnēzca 1,2'dir (Verg® ve ark., 2013). Ķĸlenmiĸ s¿t ¿r¿nlerinin, iĸlenmemiĸ s¿te kēyasla daha y¿ksek 

karbon ayak izi deĵerine sahip olduĵu bulunmuĸtur. S¿t ­iftliklerinden emisyon azaltēmē i­in ­eĸitli 

azaltma stratejileri ºnerilmiĸtir; ºrneĵin laktasyon dºneminde hayvan v¿cut gereksinimlerine gºre 
dengeli yem rasyonlarē ve konsantreleri, azot bazlē g¿bre kullanēmēnēn azaltēlmasē ve mahsul ¿retimi 

sērasēnda uygulama verimliliĵinin artērēlmasē, inek g¿bresi yerine biyogaz kullanēmē, anaerobik sindirim 

(AD) ve etkili g¿bre yºnetimi gibi (Sahu ve Agarwal, 2021). 

Metan, b¿y¿k ºl­¿de tarēmsal geniĸlemeye baĵlē olarak, atmosferik bolluĵu ¿­ y¿zyēl boyunca 2,5 kat 
artan g¿­l¿ bir sera gazēdēr. Sindirim sērasēnda metan ¿reten ve yayan ('enterik fermantasyon') geviĸ 

getiren hayvanlarēn ­ift­iliĵi, bu b¿y¿meye ºnde gelen bir katkēda bulunmaktadēr (Lassey, 2007). 

Sēĵērlardan kaynaklanan metan emisyonlarēnē etkileyen bir­ok faktºr vardēr ve bunlar ĸunlarē i­erir: yem 
alēmē seviyesi, diyetteki karbonhidrat t¿r¿, yem iĸleme, diyete lipit veya iyonofor eklenmesi ve ruminal 

mikrofloradaki deĵiĸiklikler gibi (Johnson ve Johnson, 1995). 

Bitkisel ¦r¿nlerin Karbon Ayak Ķzi 

Diyette meyve, sebze ve tam tahēllarēn y¿ksek oranda t¿ketilmesi, sanayileĸmiĸ ¿lkelerde baĸlēca ºl¿m 

nedenleri olan kanser ve kardiyovask¿ler hastalēklar gibi kronik hastalēklarēn geliĸme riskinin 

azaltēlmasēyla yakēndan iliĸkilidir (Esteve-Llorens, 2019). Bitkisel ¿retimde toplam emisyonlarēn 

%75'inin N g¿bre kullanēmēna (hem organik hem de inorganik) atfedildiĵini bildirmiĸtir; ¿retim, 
uygulama ve uygulamadan kaynaklanan topraktan doĵrudan azot oksit emisyonlarēndan 

kaynaklanmaktadēr (Hillier ve ark., 2009). Kahve ve bah­e bitkileri de b¿y¿k bir karbona sahiptir. 

Ratchawat ve arkadaĸlarē (2020), Robusta kahve ¿r¿nlerinin karbonunu (kg CO2eq / kg) kahve kirazē 
i­in 0,40 Ñ 0,12, kavrulmuĸ kahve i­in 0,55 Ñ 0,08 ve ­ekilmiĸ kahve i­in 0,56 Ñ 0,08 olarak bildirmiĸtir 

(Lal, 2022). Hindistan'da bazē sebze ve meyvelerin (ºrneĵin karnabahar, patlēcan, patates ve muz) 

karbonlarēn tahēl ¿r¿nlerinden (ºrneĵin ­apati ve ekmek) daha d¿ĸ¿k olduĵunu belirtmiĸtir (Xu ve Lan, 

2016). Organik olarak uygulanan gēda sistemlerinde daha fazla mikrobiyal, karbon ve besin i­eriĵine ek 
olarak, azaltēlmēĸ toprak iĸleme, azaltēlmēĸ sentetik g¿breler ve organik g¿bre kullanēmē nedeniyle 

tarēmdan kaynaklanan sera gazlarēnē azalttēĵē gºsterilmiĸtir (Williamson ve ark., 2024). G¿bre 

¿retiminden kaynaklanan sera gazē emisyonlarē, tarlalardan kaynaklanan sera gazē emisyonlarēndan 
sonra, bitkisel ¿retim dºng¿s¿n¿n tamamēnda g¿breleme s¿recinden kaynaklanan ikinci emisyon 

kaynaĵēdēr (Holka ve ark., 2022). Permak¿lt¿r ve biyoyoĵun mikro bah­e uygulamalarē, ekolojik 

iĸlevlerinin ve ekosistem hizmetlerinin verimli bir ĸekilde kullanēlmasē i­in toprak-bitki sistemindeki 
etkileĸimleri optimize etmeyi ve aynē zamanda k¿­¿k bir alandan y¿ksek verim elde etmeyi ve toprak 

verimliliĵini s¿rd¿rmeyi ama­lamaktadēr (De Tombeur ve ark., 2018). Permak¿lt¿r yºnetiminin toprak 

organik madde daĵēlēmē ¿zerindeki potansiyel etkisini araĸtērmēĸ ve partik¿l organik maddenin daha 

fazla par­alandēĵēnē, bunun da sonu­ olarak permak¿lt¿r yºnetimi altēnda daha y¿ksek organik karbon 

ve azot i­eriklerine yol a­tēĵēnē bulmuĸtur (Williamson ve ark., 2024). 

Bitkisel Ve Hayvansal ¦r¿nlerin Karĸēlaĸtērēlmasēnēn ¥nemi 

D¿nya ­apēnda, yaklaĸēk 2 milyar insanēn temel olarak et temelli bir diyetle yaĸadēĵē tahmin edilirken, 
yaklaĸēk 4 milyar insanēn temel olarak bitki temelli bir diyetle yaĸadēĵē tahmin edilmektedir (Pimentel 

ve Pimentel, 2003). Her yēl gēda tedarik zinciri yoluyla yaklaĸēk 9800-16900 milyon ton CO2 

¿retilmektedir ve bu rakamēn 2050 yēlēna kadar %30'a ­ēkmasē beklenmektedir. Metan emisyonlarē 
hayvansal et ve s¿t ¿r¿nleri ile pirin­ ¿retiminden kaynaklanērken , azot oksit emisyonlarē diĵer 

mahsullerden elde edilen gēda ¿r¿nlerinden kaynaklanmaktadēr (Shabir ve ark., 2023). Hayvansal ¿retim 

ve t¿ketim, sera gazē emisyonlarē, arazi kullanēmē ve bozulmasē, kētlēk aĵērlēklē su kullanēmē, besin 

kirliliĵi (ºrneĵin asitlenme ve ºtrofikasyon), g¿bre ve pestisit kullanēmē ve t¿m ¿r¿n gēda zinciri 
boyunca t¿ketici d¿zeyinde gēda israfē dahil olmak ¿zere s¿rd¿r¿lebilirliĵi tehdit eden ­ok ­eĸitli 

­evresel y¿klerden sorumludur (Espinosa-Marr·n ve ark., 2022). Artan d¿nya n¿fusu ve buna baĵlē 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/farm-animal
https://www.sciencedirect.com/topics/food-science/dairy-product
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olarak gēda t¿ketimindeki k¿resel ortalama artēĸ, ºzellikle et ¿r¿nleri, iklim deĵiĸikliĵi, ekosistem 

saĵlēĵē, gēda g¿venliĵi ve genel n¿fusun saĵlēĵē ve beslenmesi i­in daha da b¿y¿k bir tehdit oluĸturabilir 

(Casta¶® ve Ant·n, 2017). Amerika'da, aĵēr et yiyen birinin diyeti her yēl atmosfere 3,3 ton CO2 e 
katkēda bulunur. Diĵer et t¿rlerini t¿keten ancak sēĵēr etinden ka­ēnan Amerikalēlar, et seven birinin 

diyetine kēyasla 1,4 ton CO2 e daha az olan 1,9 ton CO2 e'ye katkēda bulunur (Afrouzi ve ark., 2023). 

Kuzu eti (22,96 kg CO-eq / kg) ve sēĵēr eti (18,21 kg CO-eq / kg) en b¿y¿k karbon ayak izine sahiptir. 
Hindi, domuz eti, tavuk, yumurta ve balēk gibi diĵer ¿r¿nlerin gºstergeleri birka­ kat daha k¿­¿kt¿r ve 

sērasēyla 5,56, 4,97, 4,02, 3,03 ve 2,83 kg CO-eq / kgôdir. Bir kilogram sēĵēr eti ¿retmek 60 kilogram 

sera gazē (CO2 -eĸdeĵeri) yayar. Buna karĸēlēk, bezelye kg baĸēna sadece 1 kilogram yayar. Hayvansal 
gēdalar bitki bazlē olanlardan daha y¿ksek bir ayak izine sahip olma eĵilimindedir. Kuzu eti ve peynir, 

kilogram baĸēna 20 kilogramdan fazla CO2 eĸdeĵeri yayar. K¿mes hayvanlarē ve domuz eti daha d¿ĸ¿k 

ayak izlerine sahiptir ancak yine de sērasēyla 6 ve 7 kg CO2 eĸdeĵeri ile ­oĵu bitki bazlē gēdadan daha 

y¿ksektir (Ritchie, 2020). Pirin­ i­in karbon ayak izi, ­eltik tarlasēndan kaynaklanan CH4 emisyonu 
nedeniyle bitkisel ¿r¿nler arasēnda nispeten y¿ksektir. Meyvelerin ¢in'de mēsēr ve buĵdaydan daha fazla 

karbon ayak izi ¿rettiĵini ºne s¿rd¿ler. Hindistan'da bazē sebze ve meyvelerin (ºrneĵin karnabahar, 

patlēcan, patates ve muz) karbon ayak izi'lerinin tahēl ¿r¿nlerinden (ºrneĵin ­apati ve ekmek) daha d¿ĸ¿k 
olduĵunu belirtmiĸtir (Xu XiaoMing ve ark., 2016). En d¿ĸ¿k sera gazē emisyonlarēna sahip yiyecekler 

arasēnda y¿ksek enerji i­eriĵine sahip ancak d¿ĸ¿k besin deĵerine sahip tahēllar ve tatlēlar yer almēĸtēr 

(Drewnowski ve ark., 2015).  

Bitki bazlē gēdalarla karĸēlaĸtērēldēĵēnda, hayvansal bazlē gēdalarēn daha b¿y¿k olumsuz etkileri ve 

Karbon ayak izi 'si vardēr. Yenilenebilir enerji kaynaklarēnēn kullanēlmasē ve sentetik g¿breler ile bitki 

pestisitlerinden vazge­ilmesinin sera gazē emisyonlarēnē d¿ĸ¿receĵi ºngºr¿lmektedir (Shabir ve ark., 

2023). Yani gēda enerjimize dayanarak, hayvancēlēk ¿r¿nleri bitki bazlē gēdalarēn neredeyse iki katē 
karbon ayak izine sahiptir. Sonu­ olarak Gēda sera gazē emisyonlarēmēzē azaltmanēn diĵer yollarē 

arasēnda daha az g¿bre kullanarak daha verimli ­ift­ilik yapmak ve verimliliĵi artērmak yer alēr 

(Murphy-Bokern, 2010). 

Beslenme ĸeklimiz, ­evresel s¿rd¿r¿lebilirlik a­ēsēndan ºnemli bir rol oynamaktadēr. ¥zellikle 

hayvansal ¿r¿nler, sera gazē emisyonlarē a­ēsēndan en y¿ksek etkiye sahip besin gruplarē arasēnda yer 

alēr. Etler %56,6, s¿t ¿r¿nleri ise %18,3 oranēnda toplam diyet emisyonlarēna katkē saĵlamaktadēr ķekil 

2ôde verilmiĸtir (Poore ve Nemecek, 2018). 

 

 

ķekil 2. Besin t¿r¿ne gºre sera gazē emisyonlarēnēn diyete katkēsē. Karbon ayak izi infografiĵi, farklē 

gēda gruplarēnēn ­evresel etkilerini karĸēlaĸtērmalē olarak gºstermektedir (Poore ve Nemecek, 2018). 

https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/renewable-energy-source
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Sonu­ 

Gēda ¿retim s¿re­lerinin ­evresel etkileri, g¿n¿m¿zde k¿resel s¿rd¿r¿lebilirlik hedefleri doĵrultusunda 

artan bir ilgiyle ele alēnmaktadēr. ¥zellikle sera gazē emisyonlarēnēn ºnemli bir kaynaĵē olan tarēmsal 
¿retim faaliyetleri, gēda sistemlerinin ­evresel performansēnē doĵrudan etkilemektedir. Bu baĵlamda, 

hayvansal ve bitkisel kaynaklē gēdalarēn karbon ayak izi bakēmēndan karĸēlaĸtērēlmasē, s¿rd¿r¿lebilir gēda 

sistemlerinin tasarlanmasēnda temel bir deĵerlendirme aracēdēr. Literat¿rdeki bulgular, hayvansal 
¿r¿nlerin ¿retiminde; yem ¿retimi, metan salēnēmē, enerji ve su kullanēmē gibi faktºrlerin etkisiyle, 

bitkisel ¿r¿nlere kēyasla daha y¿ksek d¿zeyde karbon ayak izine sahip olduĵunu ortaya koymaktadēr. 

Buna karĸēn, bitkisel ¿r¿nler genellikle daha d¿ĸ¿k sera gazē emisyonu ile ¿retilebilmekte ve ­evresel 
y¿k a­ēsēndan daha avantajlē bir profil sergilemektedir. Bu durum, s¿rd¿r¿lebilir beslenme modellerinin 

geliĸtirilmesinde bitkisel temelli gēda tercihlerinin ºnemini ortaya koymaktadēr. Bitkisel ve hayvansal 

¿r¿nlerin karbon ayak izlerinin karĸēlaĸtērmalē olarak incelenmesi, yalnēzca ­evresel etkilerin 

belirlenmesi a­ēsēndan deĵil, aynē zamanda politika yapēcēlar, ¿reticiler ve t¿keticiler i­in bilin­li karar 
alma s¿re­lerinin desteklenmesi bakēmēndan da kritik ºneme sahiptir. Bu doĵrultuda, gēda sistemlerinde 

­evresel s¿rd¿r¿lebilirliĵin saĵlanabilmesi i­in d¿ĸ¿k karbon ayak izine sahip ¿r¿nlerin teĸvik edilmesi, 

t¿ketici farkēndalēĵēnēn artērēlmasē ve ¿retim s¿re­lerinin yeniden yapēlandērēlmasē gereklidir. Sonu­ 
olarak, s¿rd¿r¿lebilir beslenme stratejilerinin oluĸturulmasēnda, gēdalarēn karbon ayak izinin dikkate 

alēnmasē ve bu doĵrultuda ¿retim-t¿ketim dºng¿s¿n¿n ­evresel etkiler gºz ºn¿nde bulundurularak 

yeniden ĸekillendirilmesi, hem ­evresel hem de toplumsal d¿zeyde s¿rd¿r¿lebilirliĵe katkē 

saĵlayacaktēr. 
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¥zet: K¿resel iklim deĵiĸikliĵiyle m¿cadelede gēda sektºr¿n¿n karbon ayak izini azaltma ­abalarē b¿y¿k ºnem 

taĸēmaktadēr. Gēda tedarik zinciri, tarēmsal ¿retimden baĸlayarak iĸleme, ambalajlama ve t¿keticiye ulaĸana kadar 

ge­en t¿m aĸamalarda ciddi ­evresel etkiler yaratmaktadēr. Bu ­alēĸmada, gēda sektºr¿nde uygulanabilecek 

karbon ayak izi azaltma stratejileri b¿t¿nc¿l bir yaklaĸēmla ele alēnmēĸtēr. ¥zellikle tarēmda aĸērē kimyasal g¿bre 
ve pestisit kullanēmē, toprak, su ve hava kirliliĵinin yanē sēra sera gazē salēnēmēnēn artmasēna yol a­maktadēr. Bu 

kapsamda, organik tarēm, agroekolojik uygulamalar ve hassas tarēm teknolojileri sayesinde ¿retim s¿re­lerinin 

­evresel etkilerinin azaltēlmasē m¿mk¿nd¿r. Yenilenebilir enerji kaynaklarēnēn, biyogaz teknolojilerinin ve akēllē 

sulama sistemlerinin kullanēmē, enerji verimliliĵini artērmakta ve sera gazē emisyonlarēnē azaltmaktadēr. Ayrēca, 

gēda iĸleme ve ambalajlama aĸamalarēnda ­evre dostu teknolojilerin benimsenmesi, atēk miktarēnē azaltmakta ve 

karbon salēnēmēnē d¿ĸ¿rmektedir. Tek kullanēmlēk plastiklerin yerini biyolojik olarak par­alanabilir ambalaj 

malzemeleri alērken, karbon etiketi uygulamalarē t¿keticilerin ­evre bilincini artērmaktadēr. Sonu­ olarak, gēda 

zincirinin t¿m halkalarēnda ­evresel s¿rd¿r¿lebilirliĵe yºnelik stratejik adēmlarēn atēlmasē, karbon ayak izinin 

azaltēlmasēna ve daha yeĸil bir gēda sistemine ge­iĸe katkē saĵlayacaktēr. 

Anahtar Kelimeler: Karbon Ayak Ķzi, Sera Gazē Emisyonlarē, S¿rd¿r¿lebilir Tarēm, Akēllē Tarēm Teknolojileri 
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comprehensive strategies to minimize the carbon footprint within food systems. Excessive use of chemical 

fertilizers and pesticides in agriculture is identified as a major source of soil, air, and water pollution, as well as 

GHG emissions. In response, the chapter discusses the importance of adopting sustainable farming practices, 

including organic agriculture, agroecology, and precision agriculture technologies, which help lower 

environmental impacts while enhancing resource efficiency. The integration of renewable energy sources, such as 
biogas and solar energy, along with smart irrigation systems, further contributes to emission reduction and energy 

efficiency. In food processing and packaging stages, the use of innovative, eco-friendly technologies and 

biodegradable packaging materials is emphasized. Additionally, carbon labeling is presented as a tool to raise 

consumer awareness and encourage environmentally responsible purchasing decisions. The chapter concludes 

that implementing holistic and integrated environmental management approaches across the food supply chain is 

key to achieving a greener, more efficient, and low-emission food sector, while also fostering economic and social 

sustainability. 
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Giriĸ 

"Karbon ayak izi" terimi, ­evresel sorunlar ve iklim deĵiĸikliĵi konusunda artan kamu farkēndalēĵēna 

yanēt olarak son on yēlda pop¿lerlik kazanmēĸtēr (East, 2008). Bu nedenle, karbon ayak izi 
hesaplamalarēna olan talep y¿ksektir (Durojaye ve ark., 2020). Son 2-3 yēldēr end¿striyel b¿y¿me uĵruna 

yapēlan geliĸmeler, d¿nyamēzēn b¿y¿k bir alanēnē, geniĸ orman alanlarēnē, nehirlerini, buzullarēnē ve 

ayrēca iklimini olumsuz yºnde etkilemeye devam etmektedir (Kumar ve ark., 2014). Bu nedenle, yēllar 
boyunca, bir dizi uluslararasē strateji ve politikalar bu sorunlarē ­ºzmeyi ºzellikle karbondioksit 

emisyonlarēnē azaltmayē ve iklim deĵiĸikliĵini olumlu yºnde etkilemeyi ama­lamaktadēr (Lombardi ve 

ark., 2017). Karbon ayak izi, genellikle karbondioksit emisyonlarēnē veya sera gazlarē emisyonlarēnē CO2 

eĸdeĵerleri (CO2 -eq) a­ēsēndan ºl­mek i­in bir gºsterge olarak benimsenmektedir (Chowdhury, 2010). 

K¿resel sanayileĸme ve yenilenemeyen enerji kaynaklarēnēn aĸērē sºm¿r¿lmesi geliĸtik­e atmosfere 

b¿y¿k miktarda sera gazlarē salēnmaktadēr. Bu, k¿resel bir sēcaklēk artēĸēna neden olmakta ve ­evresel 

bozulmayla ilgili bir dizi soruna yol a­maktadēr (Lobus ve ark., 2023). Karbon ayak izi ºnerisi, insan 
davranēĸlarēnēn iklim deĵiĸikliĵi ¿zerindeki etkisini canlē bir ĸekilde ortaya koymakta ve karbon 

emisyonlarēnē bilimsel olarak ºl­mek i­in etkili bir ara­ saĵlamaktadēr. Karbon ayak izine dayalē nicel 

analiz, yalnēzca karbon emisyonlarēnēn yoĵunlaĸma alanlarēnēn ve yoĵunluĵunun keĸfedilmesini 
kolaylaĸtērmakla kalmaz, aynē zamanda hedeflenen ºnlemlerin alēnmasē ve bunlarēn periyodik olarak 

denetlenmesi i­in bir temel saĵlar (Shi ve Yin, 2021). Ķklim koruma, modern d¿nya i­in ºnemli bir 

zorluktur. Deĵiĸen bir iklim karĸēsēnda, k¿resel sēcaklēk artēĸēnē 1,5 ÁC ile sēnērlamak i­in yoĵun ­abalara 
ihtiya­ vardēr. Atmosferdeki doĵal olarak oluĸan sera gazlarēnēn konsantrasyonu ºnemli ºl­¿de artmēĸ 

ve bu da sera etkisinin ve k¿resel ēsēnmanēn ĸiddetine katkēda bulunmuĸtur (Holka ve ark., 2022). 

ñK¿resel ēsēnmaò olarak da adlandērēlan iklim deĵiĸikliĵi, atmosferde ēsēyē hapseden karbondioksit ve 

metan gibi gazlarēn artmasē sonucu d¿nya ikliminde meydana gelen bir deĵiĸiklik olup, gezegenin 
ēsēnmasēna yol a­maktadēr (¢elekli ve Zari­, 2023). Ķklim deĵiĸiklikleri toprak saĵlēĵēnē ve verimliliĵini, 

su mevcudiyetini ve nihayetinde ¿r¿n verimliliĵini etkiler (Han ve ark.,2024).  

Emisyonlar ayrēca g¿bre yºnetimi, mineral g¿bre ¿retimi ve ­iftliklerde enerji kullanēmē ile iĸleme, 
paketleme, depolama, daĵētēm ve atēk yºnetimi gibi ­iftlik sonrasē faaliyetlerden de kaynaklanmaktadēr 

(Rººs ve ark., 2014). ¢ift­ilikten ¿retim sonrasēna kadar uzanan gēda sistemi, b¿y¿k miktarda insan 

yapēmē sera gazē emisyonu ¿retmekten sorumludur. ¢iftlik aĸamasēnda, emisyonlar ºncelikle tarēm ve 

hayvancēlēk ¿retiminin yanē sēra ilgili arazi kullanēm deĵiĸikliklerinden kaynaklanēr (Liu ve ark., 2023). 
Dahasē, kimyasal g¿brelerin, bºcek ila­larēnēn ve plastik filmlerin yoĵun kullanēmē ºnemli miktarda azot 

oksit emisyonuna yol a­abilir ve k¿resel ēsēnmayē etkileyebilir (Niu ve ark., 2022). Yine hammadde 

temini, iĸleme, paketleme, koruma, taĸēma, t¿ketim olmak ¿zere t¿m gēda sistemleri, yºnetim 
tekniklerini iyileĸtirmek ve geliĸmiĸ teknoloji ve ekipmanē benimsemek, bir gēda sisteminin her aĸamasē 

i­in kritik ºneme sahiptir (Xu ve ark., 2015). Bu sektºrde s¿rd¿r¿lebilirliĵi teĸvik etmek i­in etkili 

stratejiler geliĸtirmek amacēyla bu zorluklarēn anlaĸēlmasē gerekmektedir. Gēda iĸlemede 
s¿rd¿r¿lebilirliĵi saĵlamak i­in enerji verimliliĵi, atēk azaltma ve yenilenebilir enerjinin entegrasyonuna 

odaklanan ­eĸitli yaklaĸēmlar benimsenmelidir (Lukose ve Singh, 2024).  

Gēda Zincirinde Karbon Ayak Ķzinin Kaynaklarē 

Pestisitler, bitkileri zararlēlardan, yabani otlardan veya hastalēklardan ve insanlarē da hastalēklardan 
korumak i­in esas olarak tarēmda veya halk saĵlēĵē koruma programlarēnda kullanēlan maddeler veya 

madde karēĸēmlarēdēr (Nicolopoulou-Stamati ve ark., 2016). G¿bre uygulamalarēda ¿r¿nlerin b¿y¿mesi 

ve ¿retimde artan verim i­in gereken ­eĸitli besinleri saĵlar. Ancak, bir­ok ¿lke toprakta, suda, havada, 
tarēmsal ¿r¿nlerde ve hatta insan kanēnda ve yaĵ dokusunda endiĸe verici tarēmsal kimyasal kalēntēlarē 

bildirmiĸtir (Zhang ve ark., 2018). Literat¿rde bilindiĵi ¿zere kimyasal g¿brelerin aĸērē uygulanmasēnēn 

zararlē etkileri ĸunlardēr: Azotlu g¿brenin bitkinin asimilasyon kapasitesinin ºtesinde aĸērē ve tekrarlē 
uygulanmasēyla atmosfere sera gazlarē olan karbondioksit ve azot oksit salēnabilir ve k¿resel ēsēnmaya 

ve d¿zensiz iklim koĸullarēna katkēda bulunabilir (Doll ve Baranski, 2011). Kimyasal g¿brelerin 

dengesiz oranda uygulanmasē, topraĵēn vazge­ilmez besin maddelerinin bir kēsmēnē t¿keterek, gēda 

maddelerindeki mineral ve vitamin miktarēnēn azalmasēna neden olmaktadēr (Das ve ark.,2016). Ayrēca 
toprak asitlenmesi, aĸērē kimyasal g¿bre kullanēmē sonucu topraktaki organik maddenin azalmasēyla 

meydana gelebilir ve bitkilerin yaĸamēnē tehdit eder hale gelebilir (Velthof ve ark., 2011). 
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Enerji, bir ¿lke veya bºlgenin ekonomik b¿y¿mesi ve sosyal geliĸimi i­in temel gereksinimlerden 

biridir. Enerji verimliliĵinin artērēlmasē, yalnēzca maliyet azaltēmē yoluyla rekabet g¿c¿n¿ artērmaya 

yardēmcē olmakla kalmaz, aynē zamanda sera gazē emisyonlarēnēn ve ­evresel etkilerin en aza 
indirilmesiyle de sonu­lanēr (Mohammadi ve ark., 2014). Maliyetleri d¿ĸ¿rmek ve enerji tasarrufu 

saĵlamak amacēyla ­ift­ilere ­eĸitli sera yapēlarē ve farklē ºrt¿ler sunulmaktadēr (Djevic ve Dimitrijevic, 

2009). Sera tarēmē bir­ok ¿lkede b¿y¿yen bir end¿stri olup, olduk­a masraflē bir yoldur ve ­ift­i bu yolu 
se­meye karar vermeden ºnce dikkate alēnmasē gereken bir­ok deĵiĸken vardēr (Canakci ve Akinci, 

2006). Sera ¿retim sistemleri, a­ēk tarla yetiĸtiriciliĵine kēyasla mahsul¿n su gereksinimlerini %20 ila 

%40 oranēnda azaltēr; ancak yetiĸtiriciler rutin olarak tahmini su t¿ketiminden daha fazla sulama suyu 
uygularlar (Nikolaou ve ark., 2019). Sulama, ¿r¿n verimliliĵini artērēr, ancak uygulanmasē genellikle 

operasyonel enerji talebini ve potansiyel olarak sera gazē emisyonlarēnē artērēr. Ayrēca, sulama mahsul 

¿retimini artērmak i­in bir ­ºz¿m olsa da, toprak biyojeokimyasal ºzelliklerini ve toprak yapēsēnē 

deĵiĸtirebilir ve bu da toprak karbon tutma potansiyelini olumsuz etkileyebilir (Sapkota ve ark., 2020). 
Hayvancēlēktan kaynaklanan metan b¿y¿k ºl­¿de endojendir ve yoĵun hayvansal ¿retimde azaltēlmasē 

zor olabilir. Metan emisyonu azaltma stratejileri, yakēt olarak kullanēlmasēna veya oluĸumunun 

ºnlenmesine, ºzellikle ­iftlik i­i depolama (kapalē alanda, a­ēk alanda) veya kritik s¿re­lerin (organik 
maddenin bozunmasē) ve kritik faktºrlerin (ºrneĵin sēcaklēk) kontrol¿ yoluyla iĸlemeye odaklanmalēdēr 

(Monteny ve ark., 2001). Hayvancēlēktan kaynaklanan doĵrudan ve dolaylē olmak ¿zere iki t¿r sera gazē 

emisyonu vardēr. Enterik fermantasyon doĵrudan emisyonlara neden olur, ancak yem ¿retimi ve mera 
b¿y¿mesinin neden olduĵu ormansēzlaĸma gibi dēĸ faaliyetler dolaylē emisyonlarēn nedenleridir (Vaghar 

Seyedin ve ark., 2022). Metan emisyonlarē, g¿brelerden ¿retilen gazēn ºrneĵin enerji ¿retimi i­in 

optimum ĸekilde kullanēlmasēyla da etkili bir ĸekilde azaltēlabilir. Hayvan barēnaklarēndan sēk ve 

eksiksiz g¿bre temizliĵi, ­iftlikte biyogaz ¿retimiyle birleĸtirildiĵinde, entegre bir ­iftlik i­i ­ºz¿me 

ºrnektir (Monteny ve ark., 2006). 

Plastik, akēĸkan, kalēplanabilir, ēsēyla kapatēlabilir, basēmē kolay ve ¿retim s¿re­lerine entegre edilebilir 

olmasē nedeniyle gēda ambalajlarēnda yaygēn olarak kullanēlan bir malzemedir (Kan ve Miller, 2022). 
Tek kullanēmlēk plastik ºnemli bir ­evresel etkiye sahiptir ve azaltēlmasē, d¿nya ­apēnda plastik 

kirliliĵini azaltmak i­in zorunlu bir adēmdēr. Dahasē, plastik ºĵelerin ¿retimi, kullanēmē ve bertarafē sera 

etkisi ¿zerinde de ºnemli bir etkiye sahiptir; bu, karbon ayak izlerini deĵerlendirerek bir yaĸam dºng¿s¿ 

yaklaĸēmēyla tahmin edilebilir (Di Paolo ve ark., 2022). Plastiĵin bir ambalaj malzemesi olarak camdan 
daha d¿ĸ¿k bir karbon ayak izine sahip olduĵunu buldular (ºrneĵin, ¿retim ¿lkesine baĵlē olarak, PP'den 

¿retilen bebek mamasē kaplarēnēn camdan ¿retilenlere gºre %28 ila %31 arasēnda daha d¿ĸ¿k bir karbon 

ayak izine sahip olduĵu bulundu (Dormer ve ark., 2013). Ekonomiyi s¿rd¿rmek ve iklim deĵiĸikliĵiyle 
m¿cadele etmek i­in gēda israfēnē azaltmaya yºnelik stratejiler geliĸtirmek, zamanēn ihtiyacēdēr. Gēda 

israfēyla m¿cadelenin en pop¿ler ve geleneksel yollarē arasēnda, depolama, anaerobik sindirim, yakma, 

kompostlama, g¿bre temininde kullanma ve hayvan yemi olarak kullanma yer almaktadēr (Bhatia ve 

ark., 2023). 

¦retim Aĸamasēnda Karbon Ayak Ķzini Azaltma Yºntemleri 

S¿rd¿r¿lebilir tarēm, ­evre ¿zerinde olumsuz bir etki yaratmadan ¿r¿n verimini ve hayvancēlēk ¿retimini 

artēran farklē ­evre dostu ­ift­ilik tekniklerini i­erir. Organik tarēm, s¿rd¿r¿lebilir tarēm hedefine 
ulaĸmak i­in uygulanmasē gereken bir yaklaĸēmdēr (Soni ve ark., 2022). Organik tarēm terimi "yapay 

girdilerin (ºrneĵin g¿breler, pestisitler, hormonlar, yem katkē maddeleri vb.) kullanēmēnē ºnleyen ve 

b¿y¿k ºl­¿de dēĸlayan bir sistem" anlamēna gelir (Gamage ve ark., 2023). Organik Tarēm, geleneksel 
tarēm yºntemlerine kēyasla olumsuz ­evresel etki riskini azaltēr; toprak verimliliĵi ve besin yºnetimi 

a­ēsēndan, organik tarēm ­iftlik d¿zeyinde toprak verimliliĵini ve besin yºnetimini ºnemli ºl­¿de 

iyileĸtirmek i­in uygundur (Giri ve Pokhrel, 2022). Bu organik girdiler toprak mikroorganizmalarēnēn 
ve biyok¿tlesinin aktivitesini artērēr, toprak solunumunu iyileĸtirir ve toprak enzimlerinin aktivitesini 

artērēr; bunlarēn hepsi bitkiler i­in besin maddesi bulunabilirliĵinin artmasēna katkēda bulunur. Bu 

entegre etkiler organik olarak yºnetilen topraklarē daha dinamik ve verimli hale getirir (Varma ve ark., 

2024). Tarēmsal sistemlerin ekolojisi ¿zerine araĸtērma faaliyetlerinde son zamanlarda bir artēĸ 
olmaktadēr. Tarēmsal ekoloji, s¿rd¿r¿lebilirliĵi gēda sisteminin t¿m par­alarēna getiren araĸtērma, eĵitim, 

eylem ve deĵiĸimin b¿t¿nleĸmesidir: ekolojik, ekonomik ve sosyal. Gēda sistemi deĵiĸiminde her t¿rl¿ 

bilgi ve deneyime deĵer verdiĵi i­in disiplinler arasēdēr(Gliessman, 2018).  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/greenhouse-crops
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/biogas
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/feed-additives
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Tarēm ekolojisinin temel ilkeleri arasēnda, harici girdiler sunmak yerine ­iftlikte besin maddelerini ve 

enerjiyi geri dºn¿ĸt¿rmek; toprak organik maddesini ve toprak biyolojik aktivitesini artērmak; zaman ve 

mekanda tarēmsal ekosistemlerde bitki t¿rlerinin ve genetik kaynaklarēn ­eĸitlendirilmesi; mahsullerin 
ve hayvanlarēn entegre edilmesi ve bireysel t¿rlerin verimlerinden ziyade toplam ­ift­ilik sisteminin 

etkileĸimlerinin ve ¿retkenliĵinin optimize edilmesidir (Altieri ve ark., 2017). Agroekoloji, kērsal 

topluluklar ve yerel olarak uyarlanmēĸ ­ºz¿mler arayan k¿­¿k ­iftlikler i­in daha uygun olan b¿y¿k 
ºl­ekli bir sistemde gēda g¿venliĵi ve tarēmēn zorluklarē ¿zerinde etki elde etmenin sēnērlamalarēnē ortaya 

koymaktadēr. ¥te yandan, literat¿r, s¿rd¿r¿lebilir tarēmēn daha etkili olabileceĵi k¿resel n¿fusun artan 

gēda taleplerini karĸēlamak i­in ­ok ºl­ekli bir sistem yaklaĸēmē benimsemenin ­ok ºnemli olduĵunu 
ortaya koymaktadēr (Ter§n-Samaniego ve ark., 2025). Toprak saĵlēĵē, besin bulunabilirliĵini, su 

tutulmasēnē ve genel tarēmsal ekosistem dayanēklēlēĵēnē etkilediĵi i­in s¿rd¿r¿lebilir ¿r¿n ¿retiminde 

ºnemli bir faktºrd¿r (Saliu ve ark., 2023). Saĵlēklē bir toprak, su kalitesini ve bitki ¿retkenliĵini 

s¿rd¿rme, toprak besin geri dºn¿ĸ¿m ayrēĸmasēnē kontrol etme ve atmosferden sera gazlarēnē 
uzaklaĸtērma gibi birden fazla ekosistem hizmeti sunan dinamik bir yaĸayan sistem gºrevi gºr¿r (Tahat 

ve ark., 2020). S¿rd¿r¿lebilir toprak yºnetimindeki en b¿y¿k zorluk, tarēmsal verimi optimize ederken 

ekosistem hizmet sunumunu korumaktēr (Kibblewhite ve ark., 2008). Topraklar, iklim ve ekosistemler 
tarafēndan belirlenen kēsētlamalar dahilinde fiziksel, kimyasal ve biyolojik ºzellikleriyle ilgili olarak 

doĵal bir kaliteye sahip olsa da, toprak kalitesi ve saĵlēĵēnēn nihai belirleyicisi arazi yºneticisidir. Bu 

nedenle, toprak kalitesinin veya saĵlēĵēnēn deĵerlendirilmesi ve zamanla deĵiĸimin yºn¿, s¿rd¿r¿lebilir 

yºnetimin birincil gºstergesidir (Doran, 2002). 

Ķnsanlarēn tarēmsal s¿re­le ilgili algēlarēna raĵmen, ger­ek ĸu ki g¿n¿m¿z tarēm end¿strisi veri merkezli, 

hassas ve her zamankinden daha akēllēdēr. Nesnelerin Ķnterneti (IoT) tabanlē teknolojilerin hēzla ortaya 

­ēkmasē, end¿striyi istatistiksel yaklaĸēmlardan nicel yaklaĸēmlara taĸēyan "akēllē tarēm" dahil olmak 
¿zere hemen hemen her end¿striyi yeniden tasarladē (Saliu ve ark., 2023). Hassas tarēm, dijital bilgi 

teknolojilerinin kullanēmē, K¿resel Konumlandērma Sistemi (GPS)/K¿resel Navigasyon Uydu Sistemi 

(GNSS) tabanlē rehberlik, toprak ºrneklemesi, kontrol sistemleri, dikey tarēm, hidroponik yetiĸtirme 
sistemi, sensºr kullanēmē, otonom ara­lar ve i­ ve dēĸ tarēm yºnetimi i­in robotik gibi yeni kavramlarē 

tanētmaktadēr ĸekil 1ôde verilmiĸtir (Paul ve ark., 2022). Akēllē sulamanēn baĸarēsē, doĵru bir su ihtiyacē 

tahminine (WNE), yani sulama sisteminin topraĵa uyguladēĵē ve bitki kºklerinin bir sonraki sulama 

fērsatēna kadar yeterli neme sahip olmasēnē saĵlayan ideal su miktarēnēn hesaplanmasēna baĵlēdēr 
(Togneri ve ark., 2023). Uzaktan algēlama, uydu, u­ak, drone (ĶHA/UAS) veya traktºr gibi ­eĸitli 

platformlara monte edilmiĸ optik, termal ve mikrodalga spektral alanlarēnda ­eĸitli sensºr tiplerini 

kullanēr. Genel olarak, mekansal ­ºz¿n¿rl¿k ve gºzlemin zamanlamasē akēllē ­ift­ilik i­in pratik 

uygulamalarda en kritik olmuĸtur (Inoue, 2020). 

Sonu­ olarak, veri odaklē karar alma ile ­ift­iler, b¿y¿yen bir d¿nya n¿fusunu beslemenin zorluklarēnē 

ele alērken kaynak kullanēmēnē ve ­evresel zararē en aza indirebilir (RAFI ve ark., 2024). 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 145 

 

ķekil 1. B¿y¿k veri tabanlē hassas tarēm sisteminin gºsterimi((RAFI ve ark.,2024). 

 

S¿rd¿r¿lebilir kalkēnmayē takiben yenilenebilir enerji ¿retimi, k¿resel ēsēnmaya karĸē m¿cadelede 

kullanēlan ara­lardan biridir (Czekağa, 2022). Emisyon azaltēmē ve end¿striyel geliĸime yºnelik 

yenilenebilir enerji yaklaĸēmē bilimsel olarak saĵlamdēr ve yēllar s¿ren araĸtērma ve veri analizine 

dayanmaktadēr. Koĸullu enerji kaynaklarēnēn aksine, yenilenebilir olanlar doĵal olarak yenilenir ve 
t¿kenmez. Bunlara hidroelektrik, g¿neĸ ve r¿zgar enerjisi, biyoenerji, jeotermal enerji ve okyanus 

enerjisi ile n¿kleer ve hidrojen yakētē dahildir (Lobus ve ark., 2023). Biyogaz teknolojisi, kēsmi enerji 

ihtiya­larēnē karĸēlamak i­in belirli biyok¿tle kategorilerini kullanmak i­in ­ok ­ekici bir yol 
sunmaktadēr. Diĵer yenilenebilir enerji bi­imlerinin aksine, biyogazēn enerji ¿retmek i­in coĵrafi 

sēnērlamalarē ve gerekli teknolojisi yoktur ve karmaĸēk veya tekelci deĵildir (Balat ve Balat, 2009). 

Gēda Ķĸleme Ve Ambalajlamada Yeĸil Uygulamalar 

Son yēllarda mikroiĸlemci tabanlē sistemlerde enerji t¿ketimini azaltmayē hedefleyen araĸtērma 

faaliyetlerinde hēzlē bir b¿y¿me gºr¿lmektedir (Tiwari ve ark., 1994). Gēda end¿strisinde pastºrizasyon 

ve sterilizasyon, buharlaĸtērma ve kurutma ile soĵutma ve dondurma i­in geleneksel enerji yoĵun ¿nite 

operasyonlarēnēn yerini almak ¿zere bazē yeni gēda iĸleme teknolojileri geliĸtirilmiĸtir (Wang, 2014). 
Y¿ksek basēn­lē iĸleme (HPP) gibi termal olmayan iĸlemler genellikle daha az su ve ēsē gerektirir ve 

daha d¿ĸ¿k ­evresel etkiye sahip olabilir. Ayrēca, gerekli enerji kaynaĵē, gēda atēklarēndan elde edilen 

biyok¿tle gibi yenilenebilir kaynaklardan ¿retilebilecek elektriktir (Ladha-Sabur ve ark., 2019). Soĵuk 
plazma (CP), d¿nya ­apēnda bilim insanlarēnēn dikkatini ­eken yeni bir teknolojidir. Baĸlangē­ta 

polimerlerin baskē ve yapēĸma ºzelliklerini iyileĸtirmek ve elektronikte ­eĸitli kullanēm alanlarē i­in 

geliĸtirilmiĸtir (Ekezie ve ark., 2017). Bu olgu, yapēĸmayē ºnlemeyi, iyileĸtirilmiĸ baskē yapēlabilirliĵi, 
kapatēlabilirliĵi, buĵu ºnleyici ºzellikleri saĵlamayē ve polimerin mekanik arēzaya karĸē direncini 

artērmayē teĸvik etmek i­in paketleme polimerlerine se­ici ve ayarlanabilir y¿zey enerjileri kazandērmak 

amacēyla y¿zey fonksiyonelleĸtirmesinde kullanēlmaktadēr (Pankaj ve ark., 2014). Darbeli elektrik alan 

(PEF) tabanlē iĸleme, mikroorganizma/enzim inaktivasyonu, biyoaktif bileĸiklerin geri kazanēmē, 
dehidrasyon ve dondurma gibi bir­ok gēda iĸleme uygulamasēnda etkili bir ĸekilde uygulanabilen ­evre 

dostu bir tekniktir (Arshad ve ark., 2021). Atēk sektºr¿, sera gazē (GHG) emisyonlarēna ºncelikle 

karbondioksit ( CO2 ), metan (CH4) ve nitrºz oksit (N2O) ve daha az ºnemli miktarlarda birka­ baĸka 
gaz bi­iminde katkēda bulunur. Bu emisyonlar, atēk yºnetimi dºng¿s¿n¿n ­eĸitli s¿re­leri ve bileĸenleri 

(toplamadan malzeme geri kazanēmēna, biyolojik ve termal s¿re­lere ve depolamaya) aracēlēĵēyla salēnēr 

(Maalouf ve El-Fadel, 2018). Geri dºn¿ĸ¿m ve dairesel ekonomiyi teĸvik etmek, atēk ve kaynak 

t¿ketiminin neden olduĵu ­evresel etkileri en aza indirmenin etkili yollarē olarak d¿ĸ¿n¿lebilir. Geri 
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dºn¿ĸt¿r¿lm¿ĸ malzemeler ve ¿r¿nler se­ilerek atēk miktarē azaltēlēr ve yeni malzemelerin ¿retimiyle 

oluĸan enerji t¿ketimi ve sera gazē emisyonlarē en aza indirilir (¢elekli ve Zari­, 2023). 

Plastik ¿retimi, enerji t¿ketiminde ºnemli bir paya sahip olduĵu i­in enerji yoĵun bir ¿retimdir. Ayrēca, 
­evreye ve atmosfere bir dereceye kadar zarar veren karbondioksit gibi sera gazlarē yayar (Srivastava ve 

ark., 2022). Son yēllarda, yenilenebilir doĵal kaynaklardan biyolojik olarak par­alanabilir ambalaj 

malzemelerinin geliĸtirilmesi AB ¿lkelerinde yaygēn h¿k¿met desteĵi almēĸ ve bu alandaki geliĸmeyi 
kolaylaĸtērmak i­in bir­ok ulusal veya uluslararasē ºrg¿t kurulmuĸtur (Davis ve Song, 2006). Biyolojik 

bazlē malzemelerdeki geniĸlemenin, sera gazē dengeleri ve t¿m yaĸam dºng¿leri boyunca diĵer ­evresel 

etkiler ve sēnērlē kaynaklar yerine yenilenebilir kaynaklarēn kullanēmē a­ēsēndan ­eĸitli potansiyel 
faydalarē vardēr. Biyolojik olarak par­alanabilir malzemelerin kullanēmēnēn s¿rd¿r¿lebilirliĵe ve petrol 

bazlē polimerlerin bertarafēyla iliĸkili ­evresel etkinin azaltēlmasēna katkēda bulunmasē ama­lanmaktadēr 

(Song ve ark., 2009). Karbon ayak izi etiketleme, sera gazē emisyon azaltēmlarēnē motive etmek i­in 

anlamlē bir ara­ olarak geliĸtirilmiĸtir (Liu ve ark., 2016). 

Bir karbon ayak izi etiketinin, t¿keticilerin ¿r¿n se­imlerinin sera gazē emisyonlarēnē nasēl etkilediĵine 

dikkat etmelerini saĵlamasē ve d¿ĸ¿k karbonlu alternatifleri belirlemelerine yardēmcē olmasē 

beklenmektedir (Thßgersen ve Nielsen, 2016). Karbon ayak izi etiketlerinin y¿ksek etkili karbonlu 
yemeklerin pazar payēnē azaltmasēnē ve t¿ketici tercihlerini daha s¿rd¿r¿lebilir se­eneklere kaydērmasēnē 

bekliyoruz (Lohmann ve ark., 2022). 

Sonu­ 

Gēda sektºr¿n¿n her aĸamasēnda karbon ayak izinin azaltēlmasē, iklim deĵiĸikliĵi ile m¿cadelede kritik 

bir rol oynamaktadēr. Gēda ¿retiminden t¿keticiye kadar uzanan zincirde, her adēmēn ­evresel etkisi 

b¿y¿kt¿r. Bu bºl¿mde, karbon salēmēnēn temel kaynaklarē ortaya konulmuĸ; tarēmsal ¿retimden gēda 

iĸleme ve ambalajlamaya kadar ­eĸitli aĸamalarda uygulanabilecek yeĸil dºn¿ĸ¿m stratejileri ele 

alēnmēĸtēr. 

¦retim aĸamasēnda s¿rd¿r¿lebilir tarēm teknikleri, enerji verimliliĵi ve yenilenebilir enerji kaynaklarē 

kullanēmē, karbon ayak izinin azaltēlmasēnda etkili ­ºz¿mler sunmaktadēr. Sonu­ olarak, gēda zincirinin 
her halkasēnda entegre ve bilin­li stratejileri karbon ayak izinin azaltēlmasē m¿mk¿nd¿r. Bu dºn¿ĸ¿m, 

sadece ­evresel deĵil, aynē zamanda ekonomik ve toplumsal s¿rd¿r¿lebilirlik a­ēsēndan da b¿y¿k ºnem 

taĸēmaktadēr. Geleceĵin gēda sistemlerinin daha yeĸil, daha verimli ve daha adil olmasē i­in bug¿n 

atēlacak adēmlar, k¿resel ºl­ekte olumlu etkiler yaratacaktēr. 
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¥zet: G¿n¿m¿zde kēsa mesaj servisi (SMS), bireyler ve kurumlar tarafēndan yaygēn ĸekilde kullanēlmakta olup, 

spam i­erikli mesajlar ciddi g¿venlik ve kullanēcē deneyimi sorunlarēna yol a­maktadēr. Bu ­alēĸmada, SMS 

mesajlarēnēn spam olup olmadēĵēnē tespit etmeye yºnelik iki farklē yºntem karĸēlaĸtērēlmēĸtēr. Ķlki geleneksel makine 

ºĵrenmesi tabanlē TF-IDF + Lojistik Regresyon yaklaĸēmē, diĵeri ise baĵlamsal temsillere dayalē BERT modelinin 

Fine-Tuning yºntemiyle uyarlanmasēdēr. ¢alēĸmada kullanēlan veri seti, Kaggle ¿zerinden elde edilen ñspam.csvò 

adlē ger­ek mesajlardan oluĸan koleksiyondur. Ķlk yºntemde metin verisi temizlenip TF-IDF vektºrlerine 

dºn¿ĸt¿r¿lm¿ĸ ve Lojistik Regresyon ile sēnēflandērma yapēlmēĸtēr. Ķkinci yºntemde ise ºnceden eĵitilmiĸ BERT 
modeli yeniden eĵitilerek aynē veri ¿zerinde test edilmiĸtir. Deneysel sonu­lar, BERT modelinin %98.4 doĵruluk 

ve %97.8 F1 skoru ile baĵlamsal anlama yeteneĵi sayesinde ¿st¿n performans sergilediĵini gºstermiĸtir. Ancak 

TF-IDF + Lojistik Regresyon kombinasyonu, %96.2 doĵruluk ve d¿ĸ¿k hesaplama maliyeti ile kaynak kēsētlē 

ortamlar i­in pratik bir ­ºz¿m sunmaktadēr. Bu karĸēlaĸtērmalē analiz, spam mesaj tespitinde geleneksel ve modern 

yaklaĸēmlarēn g¿­l¿ ve zayēf yºnlerini ortaya koymayē hedeflemektedir. 

Anahtar Kelimeler: Sms, Spam Tespiti, Tf-Idf, Lojistik Regresyon, Bert, Makine ¥ĵrenmesi 

 

Machine Learning-Based Approaches for Sms Spam Detection: A Comparison of Tf-Idf and Bert 

 

Abstract: Today, short message service (SMS) is widely used by individuals and organizations, and spam messages 

cause serious security and user experience problems. In this study, two different methods for detecting whether 
SMS messages are spam were compared. The first is the traditional machine learning-based TF-IDF + Logistic 

Regression approach, while the second is the adaptation of the BERT model based on contextual representations 

using the Fine-Tuning method. The dataset used in the study is a collection of real messages obtained from Kaggle, 

named ñspam.csv.ò In the first method, the text data was cleaned and converted into TF-IDF vectors, and 

classification was performed using Logistic Regression. In the second method, the pre-trained BERT model was 

retrained and tested on the same data. Experimental results showed that the BERT model demonstrated superior 

performance with 98.4% accuracy and 97.8% F1 score thanks to its contextual understanding capability. 

However, the TF-IDF + Logistic Regression combination offers a practical solution for resource-constrained 

environments with 96.2% accuracy and low computational cost. This comparative analysis aims to highlight the 

strengths and weaknesses of traditional and modern approaches in spam message detection. 

Keywords: Sms, Spam Detection, Tf-Idf, Logistic Regression, Bert, Machine Learning 

 

1. GĶRĶķ 

Kēsa Mesaj Servisi (SMS), mobil iletiĸim teknolojilerinin temel bileĸenlerinden biri olarak, d¿ĸ¿k 
maliyeti ve geniĸ eriĸilebilirliĵi sayesinde hem bireyler hem de kurumlar tarafēndan yaygēn bir ĸekilde 

kullanēlmaktadēr. Ancak bu iletiĸim yºntemi, zaman i­inde kºt¿ niyetli kiĸilerin spam mesajlar yoluyla 

­eĸitli sosyal m¿hendislik saldērēlarē ger­ekleĸtirdiĵi bir zemin h©line gelmiĸtir. Bu t¿r mesajlar 

genellikle zararlē baĵlantēlar, kimlik avē i­erikleri veya istenmeyen reklamlar barēndērmakta ve kullanēcē 

g¿venliĵini tehdit etmektedir [1], [2]. 
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Yapēlan araĸtērmalar, d¿nya genelinde gºnderilen SMSôlerin ºnemli bir kēsmēnēn spam i­erdiĵini ortaya 

koymuĸtur. Bu durum yalnēzca bireysel kullanēcēlarē deĵil, aynē zamanda mobil hizmet saĵlayēcēlarēnē 

da maddi ve operasyonel zararlara uĵratmaktadēr. Bu nedenle SMS spam tespiti, sadece teknik deĵil, 

aynē zamanda g¿venlik, kullanēcē deneyimi ve hizmet kalitesi a­ēsēndan da kritik ºneme sahiptir [3]. 

Geleneksel yaklaĸēmlar genellikle TF-IDF gibi istatistiksel ºznitelik ­ēkarēmē yºntemleriyle birlikte 

Naive Bayes, Karar Aĵa­larē, Destek Vektºr Makineleri (SVM) ve Lojistik Regresyon gibi makine 
ºĵrenmesi algoritmalarēna dayanmaktadēr [4], [5], [13]. Bu yºntemler belirli durumlarda hēzlē ve 

yorumlanabilir ­ºz¿mler sunmasēna raĵmen, baĵlamsal farklēlēklarē gºz ardē etme eĵilimindedir. 

¥zellikle kēsa ve anlam bakēmēndan yoĵun mesajlarda, bu geleneksel tekniklerin yetersizlikleri daha 

a­ēk bir ĸekilde ortaya ­ēkmaktadēr [11]. 

Bu noktada, baĵlamsal dil modelleri ºnemli avantajlar sunmaktadēr. BERT (Bidirectional Encoder 

Representations from Transformers) modeli, iki yºnl¿ baĵlam kullanēmē sayesinde metinlerin anlamēnē 

daha derinlemesine analiz edebilmekte ve sēnēflandērma gºrevlerinde ¿st¿n baĸarē gºstermektedir [6], 

[7], [12]. 

Bu ­alēĸmada, SMS spam tespiti problemine yºnelik iki yºntem karĸēlaĸtērmalē olarak 

deĵerlendirilmiĸtir: 

1. TF-IDF temelli ºznitelik ­ēkarēmē ve Lojistik Regresyon modeli 

2. ¥nceden eĵitilmiĸ BERT modelinin fine-tuning yºntemiyle yeniden eĵitilmesi 

Her iki yºntem, Kaggle platformundan elde edilen "spam.csv" veri seti ¿zerinde uygulanmēĸ; metin 
temizleme ve ºn iĸleme adēmlarēnēn ardēndan, eĵitimleri ger­ekleĸtirilmiĸtir. Modeller, doĵruluk 

(accuracy), hassasiyet (precision), duyarlēlēk (recall) ve F1 skoru metrikleriyle test edilmiĸtir. 

Elde edilen deneysel sonu­lar, TF-IDF + Lojistik Regresyon yºnteminin d¿ĸ¿k iĸlem maliyeti ve 

sadeliĵi ile ºne ­ēktēĵēnē; ancak BERT modelinin, anlam ayrēmē gerektiren durumlarda belirgin ĸekilde 

daha y¿ksek baĸarē saĵladēĵēnē ortaya koymaktadēr [8], [9], [12].  

Bu ­alēĸmanēn temel amacē, klasik makine ºĵrenmesi yºntemleri ile modern baĵlamsal dil modellerini 

karĸēlaĸtērmalē bir ĸekilde deĵerlendirerek, SMS spam tespiti alanēnda hangi yºntemin hangi koĸullarda 
daha uygun olduĵuna dair uygulanabilir ­ēkarēmlar sunmaktēr. Ayrēca, ger­ek d¿nya verisi ¿zerinden 

yapēlan bu deneyler, akademik ­alēĸmalar ve end¿stri uygulamalarē i­in yol gºsterici bir ­er­eve 

sunmaktadēr. 

2. METHODOLOJĶ 

 

 

                    ķekil 1. ¥nerilen SMS Sēnēflandērma Mimarisi 

 

Bu ­alēĸmada izlenen modelleme s¿reci, metin ºn iĸleme, ºznitelik ­ēkarēmē (embedding), model eĵitimi 

ve sēnēflandērma adēmlarēndan oluĸmaktadēr. ¥ncelikle, ham SMS verileri temizlenerek analiz i­in 
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uygun h©le getirilmiĸtir. Ardēndan, mesajlar iki farklē temsille sayēsal vektºrlere dºn¿ĸt¿r¿lm¿ĸt¿r: 

geleneksel yºntem olan TF-IDF ve baĵlamsal temsile dayalē BERT. TF-IDF temsili, ­eĸitli makine 

ºĵrenmesi algoritmalarē ile BERT ise Fine-tuning yºntemiyle derin ºĵrenme tabanlē bir sēnēflandērēcē ile 

deĵerlendirilmiĸtir. 

Bu mimari yapē sayesinde, hem geleneksel istatistiksel temsillerin hem de baĵlamsal dil modellemesinin 

spam tespiti ¿zerindeki etkisi karĸēlaĸtērmalē olarak incelenmiĸtir. 

2.1. Veri Seti Hazērlēĵē 

Bu ­alēĸmada kullanēlan veri seti, Kaggle platformunda a­ēk kaynaklē olarak yayēmlanan SMS Spam 

Collection Datasetôtir. Veri seti, Almeida et al. (2011) tarafēndan hazērlanmēĸ ve spam tespiti 

konusunda literat¿rde standart bir karĸēlaĸtērma aracē olarak sēk­a kullanēlmaktadēr [1]. 

Veri k¿mesinde toplam 5.572 kēsa mesaj yer almakta olup, bunlardan 4.825ôi ñhamò (yani normal 

mesaj) ve 747ôsi ñspamò olarak etiketlenmiĸtir. Veri seti, denetimli ºĵrenme modellerini eĵitmek i­in 

uygun ĸekilde yapēlandērēlmēĸtēr. Etiketli oluĸu, sēnēflandērma algoritmalarē i­in doĵrudan kullanēlabilir 

hale gelmesini saĵlamaktadēr. 

Ayrēca mesajlar, ­eĸitli spam t¿rlerini (ºd¿l bildirimi, finansal teĸvikler, tēklama yºnlendirmeleri) ve 

ham mesajlarē (g¿nl¿k diyaloglar, hatērlatmalar) i­ermektedir. Bu ­eĸitlilik, modelin farklē spam 

yapēlarēnda genelleme yeteneĵini test etme a­ēsēndan avantaj saĵlamaktadēr [2]. 

 

              ķekil 2. SMS veri setinde ham ve spam mesajlarēn daĵēlēmē 

 

2.2. ¥n Ķĸleme Aĸamasē 

Makine ºĵrenmesi algoritmalarēnēn metin verisi ile etkili ĸekilde ­alēĸabilmesi i­in verinin uygun 
bi­imde dºn¿ĸt¿r¿lmesi gerekmektedir. Bu ­alēĸmada, ñspam.csvò veri setinde yer alan mesajlar 

¿zerinde aĸaĵēdaki ºn iĸleme adēmlarē ger­ekleĸtirilmiĸtir: 

¶ K¿­¿k harfe dºn¿ĸt¿rme: T¿m metinler k¿­¿k harfe ­evrilerek b¿y¿k-k¿­¿k harf duyarlēlēĵē 

ortadan kaldērēlmēĸtēr. 

¶ Noktalama iĸaretlerinin ve ºzel karakterlerin kaldērēlmasē: Sadece anlam taĸēyan 

kelimelerin kalmasē saĵlanmēĸtēr. 

¶ Sayēlarēn temizlenmesi: Sayē i­eren i­erikler anlam a­ēsēndan ºnemli bir katkē 

saĵlamadēĵēndan ­ēkarēlmēĸtēr. 

¶ Gereksiz boĸluklarēn giderilmesi: Fazlalēk oluĸturan boĸluklar silinmiĸ ve metin normalize 

edilmiĸtir. 
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¶ Stopword temizliĵi: Ķngilizce'deki yaygēn anlamsēz kelimeler (ºr. ñtheò, ñisò, ñinò) ­ēkarēlarak 

modelin daha anlamlē ºzellikler ¿zerinde ­alēĸmasē saĵlanmēĸtēr.  

Ek olarak, bazē klasik modeller i­in kºk indirgeme (stemming) iĸlemi de uygulanmēĸtēr. Bu 
sayede ñrunningò, ñrunsò, ñranò gibi t¿revler ñrunò kelimesine indirgenerek bilgi tekrarē 

azaltēlmēĸtēr. 

Bu ºn iĸleme adēmlarē, literat¿rde spam tespiti alanēnda sēklēkla kullanēlan standart temizlik iĸlemleri ile 
uyumludur [3], [4]. Doĵru bi­imde uygulanmēĸ ºn iĸleme, model performansēnē doĵrudan artēran ºnemli 

bir aĸamadēr [5].  

BERT modeli, c¿mleleri olduĵu gibi iĸler ­¿nk¿ her kelimenin konumu ve baĵlamē anlam a­ēsēndan 

ºnemlidir [6]. Bu nedenle, stopword ­ēkarēmē veya kºk indirgeme gibi iĸlemler uygulanmaz. 

2.3. Model Eĵitimi  

Bu ­alēĸmada, SMS spam tespiti amacēyla TF-IDF tabanlē ºzellik ­ēkarēmē ger­ekleĸtirilmiĸ ve 

ardēndan ­eĸitli makine ºĵrenmesi algoritmalarē kullanēlarak modeller eĵitilmiĸtir. Kullanēlan modeller 
arasēnda Lojistik Regresyon, Naive Bayes, Destek Vektºr Makineleri (SVM), Karar Aĵa­larē ve 

Rastgele Orman yer almaktadēr. Bu yºntemler, metin sēnēflandērma gºrevlerinde yaygēn ĸekilde 

kullanēlmakta olup, ºzellikle spam tespiti gibi ikili sēnēflandērma problemlerinde baĸarēlē sonu­lar 

vermektedir [3], [5], [6]. 

2.3.1. Veri Bºlme 

Kaggle ¿zerinden elde edilen spam.csv veri seti, %80 eĵitim ve %20 test olacak ĸekilde ayrēlmēĸtēr. 
Eĵitim verisi ayrēca %80 eĵitim, %20 doĵrulama ĸeklinde i­ bºl¿nmeye tabi tutulmuĸtur. Bu bºl¿nme, 

sēnēf dengesini korumak amacēyla stratify parametresi kullanēlarak ger­ekleĸtirilmiĸtir. Bu yaklaĸēm, 

sēnēf dengesizliĵinin model performansēnē olumsuz etkilemesini ºnlemeye yºneliktir [1], [4]. 

2.3.2 ¥zellik ¢ēkarēmē S¿reci 

Eĵitim s¿recinde metin verileri, TF-IDF (Term Frequency ï Inverse Document Frequency) yºntemiyle 

sayēsal vektºrlere dºn¿ĸt¿r¿lm¿ĸt¿r. Bu yºntem, kelimelerin belgeler arasēndaki ayērt ediciliĵini ºl­erek 

ºzellik matrisinin oluĸturulmasēnē saĵlar [2], [3]. 

 

 

 

Burada TF, bir terimin belgede ka­ kez ge­tiĵini, IDF ise bu terimin ka­ belgede yer aldēĵēnē dikkate 

alēr. Bu ĸekilde, ­ok sēk ge­en ama ayrēĸtērēcē olmayan terimlerin aĵērlēĵē d¿ĸ¿r¿l¿r. 

TF-IDF Parametreleri: 

¶ max_df = 0.95: ¢ok sēk ge­en kelimeler gºz ardē edilir. 

¶ min_df = 5: En az 5 belgede ge­en kelimeler dahil edilir. 

¶ stop_words = 'english': Ķngilizce yaygēn anlamsēz kelimeler ­ēkarēlēr. 

2.3.3. Sēnēflandērma ve Deĵerlendirme 

¶ Lojistik Regresyon: Varsayēlan hiperparametrelerle ­alēĸtērēlmēĸtēr (solver='lbfgs', 

max_iter=1000). 

¶ Diĵer Modeller: Naive Bayes, SVM, Karar Aĵa­larē ve Random Forest, scikit-learn 

k¿t¿phanesindeki standart ayarlarla eĵitilmiĸtir. 
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Model eĵitimi tamamlandēktan sonra, baĸarē accuracy, precision, recall ve F1-score metrikleriyle test 

verisi ¿zerinde deĵerlendirilmiĸtir. Bu deĵerlendirme, literat¿rde ºnerilen yºntemlere uygun olarak 

ºzel tanēmlē evaluate_model() fonksiyonu aracēlēĵēyla ger­ekleĸtirilmiĸtir [4], [7]. 

Confusion Matrix (Karmaĸēklēk Matrisi): Her bir modelin tahmin performansē dºrt kategoriye (True 

Positive, True Negative, False Positive, False Negative) gºre gºrselleĸtirilmiĸtir. Bu matrisler, modelin 

hangi hata t¿rlerini daha fazla yaptēĵēna dair ayrēntēlē bilgi sunar [8]. 

 TP (True Positive), ger­ek mesaj sēnēfēnēn spam olduĵu ve tahmin edilenin de spam olduĵu durumdur. 

TN (True Negative), ger­ek mesaj sēnēfēnēn ham olduĵu ve tahmin edilenin de ham olduĵu durumdur. 

FP (False Positive), ger­ek mesaj sēnēfēnēn ham olduĵu, ancak tahmin edilenin spam olduĵu durumdur. 

FN (False Negative), ger­ek mesaj sēnēfēnēn spam olduĵu, ancak tahmin edilenin ham olduĵu durumdur. 

 

 

ķekil 3. Logistic Regression modeli i­in Confusion Matrix 

 

ROC Eĵrisi ve AUC Skoru: ROC (Receiver Operating Characteristic) eĵrisi, modelin farklē eĸik 

deĵerleri altēndaki duyarlēlēk (sensitivity) ve ºzg¿ll¿k (specificity) deĵerlerini karĸēlaĸtērēr. AUC (Area 

Under Curve) deĵeri, modelin ayērt edici g¿c¿n¿ ºl­mek i­in kritik bir metriktir [4], [5]. 

Performans Karĸēlaĸtērma Grafiĵi: Naive Bayes, SVM, Random Forest, Logistic Regression, LSTM 

ve BERT gibi t¿m uygulanan modeller, doĵruluk, precision, recall ve F1-score metrikleri a­ēsēndan 
­ubuk grafik ĸeklinde karĸēlaĸtērēlmēĸtēr. Bu grafiksel kēyaslama, modellerin genel baĸarēmēnē hēzlē ve 

gºrsel olarak deĵerlendirmeyi m¿mk¿n kēlar [7]. 



23th UBAK, 05 - 06 July 2025, Ankara  
 

| 156 

 

ķekil 4. Klasik modellerin doĵruluk, precision, recall ve F1 skor karĸēlaĸtērmasē 

 

2.4. Deĵerlendirme Metrikleri 

Spam mesaj tespiti gibi ikili sēnēflandērma problemlerinde model baĸarēsēnē doĵru bi­imde ºl­ebilmek 

i­in ­eĸitli metriklerden yararlanēlēr. Bu ­alēĸmada kullanēlan modellerin performanslarē aĸaĵēdaki temel 

metrikler ¿zerinden deĵerlendirilmiĸtir. [1], [2] 

¶ Accuracy (Doĵruluk): Modelin doĵru tahmin ettiĵi ºrneklerin, toplam ºrnek sayēsēna oranēdēr. 

Genel baĸarēyē yansētēr ancak dengesiz veri setlerinde yanēltēcē olabilir. [3]. 

 

¶ Precision (Hassasiyet): Modelin spam olarak tahmin ettiĵi mesajlarēn ne kadarēnēn ger­ekten 

spam olduĵunu gºsterir. Yanlēĸ pozitiflerin ºnem taĸēdēĵē durumlarda kritik bir metriktir. [4]. 

 

¶ Recall (Duyarlēlēk / Tespit Oranē): Ger­ek spam mesajlarēn ne kadarēnēn doĵru tespit 

edildiĵini gºsterir. ¥zellikle spam ka­ērmanēn maliyetli olduĵu senaryolarda ºnemlidir. [5]. 

 

¶ F1-Score: Precision ve Recall metriklerinin harmonik ortalamasēdēr. Ķki metriĵin 

dengelenmesini saĵlar. Sēnēf dengesizliĵi bulunan veri setlerinde kullanēĸlēdēr. [6]. 

 

Bu metriklerin tamamē, ºzellikle dengesiz sēnēflarēn bulunduĵu ñspam.csvò veri seti gibi senaryolarda 
modelin genel baĸarēsēnē deĵil, kritik durumlarē yakalama becerisini de ortaya koymak i­in birlikte 

deĵerlendirilmelidir [4], [5]. 

3. DENEYSEL SONU¢LAR  

Bu bºl¿mde, TF-IDF tabanlē ºzellik ­ēkarēmēyla eĵitilen ­eĸitli makine ºĵrenmesi modellerinin ve 

BERT modeli ile yapēlan fine-tuning yaklaĸēmēnēn deneysel sonu­larē sunulmaktadēr. Her bir model, 
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aynē veri seti ¿zerinde deĵerlendirilmiĸ ve doĵruluk (accuracy), hassasiyet (precision), duyarlēlēk (recall) 

ve F1-skoru gibi metrikler ile karĸēlaĸtērēlmēĸtēr. Bu sayede modellerin spam mesaj tespiti konusundaki 

performanslarē ayrēntēlē olarak analiz edilmiĸtir. 

Ger­ekleĸtirilen deneysel karĸēlaĸtērmalar, klasik modellerin hēz ve sadelik a­ēsēndan avantajlē olduĵunu, 

ancak BERTôin baĵlamsal anlama kabiliyeti sayesinde spam mesajlarē daha y¿ksek doĵrulukla ayērt 

ettiĵini gºstermektedir. Bu veriler, her iki yºntemin hibrit bir yapēda birleĸtirilmesinin anlamlē bir 

strateji olabileceĵini iĸaret etmektedir. 

3.1. Klasik Makine ¥ĵrenmesi Modellerinin Sonu­larē 

TF-IDF ile temsil edilen SMS metinleri ¿zerinde aĸaĵēdaki beĸ model uygulanmēĸtēr: 

¶ Naive Bayes 

¶ Destek Vektºr Makineleri (SVM) 

¶ Karar Aĵa­larē 

¶ Rastgele Orman (Random Forest) 

¶ Lojistik Regresyon 

 

Model deĵerlendirmeleri aĸaĵēdaki tabloya yansētēlmēĸtēr: 

 

Tablo 1. Makine ºĵrenmesi algoritmalarēnēn doĵruluk (accuracy), hassasiyet (precision), duyarlēlēk 

(recall) ve F1-skoru metriklerine gºre karĸēlaĸtērēlmasē 

 

Bu sonu­lara gºre, Lojistik Regresyon ve SVM, doĵruluk ve F1-skoru a­ēsēndan en baĸarēlē modeller 

olarak ºne ­ēkmaktadēr. Naive Bayes modeli ise hēzlē ve basit olmasēna raĵmen ºzellikle recall deĵerinde 

diĵer modellerin gerisinde kalmēĸtēr. 

 

 

ķekil 5. TF-IDF ve Lojistik Regresyon yºntemi ile elde edilen sēnēflandērma performans metrikleri. 
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3.2. BERT Modelinin Sonu­larē 

BERT (Bidirectional Encoder Representations from Transformers) modeli, aynē veri seti ¿zerinde fine-

tuning yºntemiyle eĵitilmiĸ ve klasik modellerle karĸēlaĸtērēlmēĸtēr. Eĵitim sērasēnda batch_size=16, 
epochs=2, learning_rate=2e-5 gibi hiperparametreler kullanēlmēĸtēr. Aĸaĵēda BERT modeline ait baĸarē 

metrikleri verilmiĸtir: 

 

 

Tablo 2. BERT modeli ile elde edilen doĵruluk, hassasiyet, duyarlēlēk ve F1-skoru deĵerleri 

 

BERT modeli, baĵlamsal analiz yeteneĵi sayesinde en y¿ksek doĵruluk ve F1-skorunu elde etmiĸ; 

spam mesajlarēn anlam derinliĵini daha iyi kavrayarak baĸarēlē sonu­lar vermiĸtir. 

 

ķekil 6. BERT modeli i­in Confusion Matrix gºrselleĸtirmesi 

 

4. SONU¢ VE GELECEK ¢ALIķMALAR  

Bu ­alēĸmada, kēsa mesaj servisi (SMS) ¿zerinden gelen metinlerin spam olup olmadēĵēnē tespit etmeye 

yºnelik olarak hem geleneksel makine ºĵrenmesi algoritmalarē hem de derin ºĵrenme tabanlē BERT 

modeli kullanēlarak karĸēlaĸtērmalē bir analiz ger­ekleĸtirilmiĸtir. ¥zellikle TF-IDF yºntemi ile ­ēkarēlan 

ºzellikler ¿zerinden Naive Bayes, SVM, Karar Aĵa­larē, Rastgele Orman ve Lojistik Regresyon 

modelleri eĵitilmiĸ; buna ek olarak BERT modeli Fine-Tuning yºntemiyle test edilmiĸtir. 

Yapēlan deneysel sonu­lar gºstermiĸtir ki, TF-IDF + Lojistik Regresyon modeli, sadeliĵi ve y¿ksek 

doĵruluk oranē ile pratik uygulamalarda etkili bir se­enek sunmaktadēr. ¥te yandan, baĵlamsal bilgiye 
duyarlē olan BERT modeli, ºzellikle karmaĸēk spam ºrneklerini sēnēflandērmada daha ¿st¿n performans 

sergilemiĸtir. Bu sonu­, derin ºĵrenme tabanlē modellerin karmaĸēk ve baĵlamsal dil yapēlarēnē daha 

etkili bir ĸekilde ºĵrenme ve yorumlama konusunda ¿st¿n olduĵunu gºstermektedir. 
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ķekil 7. BERT ve Lojistik Regresyon modellerinin doĵruluk, precision, recall ve F1 skor metriklerine 

gºre karĸēlaĸtērēlmasē 

 

Bu karĸēlaĸtērmalē analiz, SMS spam tespiti alanēnda geleneksel ve modern NLP yaklaĸēmlarēnēn g¿­l¿ 

yºnlerini ve sēnērlēlēklarēnē sistematik olarak ortaya koyarak, teorik bilgi birikimini pratik uygulama 

gereksinimleri ile buluĸturmaktadēr. Elde edilen bulgular, kaynak kēsētlamasē olan ortamlarda geleneksel 
yºntemlerin hala rekabet­i olduĵunu, y¿ksek doĵruluk gereksinimlerinin olduĵu durumlarda ise derin 

ºĵrenme modellerinin tercih edilmesi gerektiĵini gºstermektedir. 

Gelecekte, edge computing teknolojilerinin geliĸmesiyle birlikte BERT benzeri modellerin mobil 
cihazlarda daha verimli ­alēĸabilmesi, bu alandaki denge noktasēnē deĵiĸtirebilecektir. Bu durum, spam 

tespiti alanēnda s¿rekli evrim gºsteren bir teknolojik manzara olduĵunu ve araĸtērmacēlarēn bu dinamik 

ortama adapte olmasē gerektiĵini vurgulamaktadēr. 

¶ ¢ok dilli veri setleri kullanēlarak modellerin genelleme yetenekleri test edilebilir. 

¶ SMiShing (SMS ¿zerinden oltalama) gibi daha ºzel tehdit sēnēflarē ¿zerine odaklanan alt 

kategoriler eklenebilir. 

¶ BERT dēĸēnda RoBERTa, ALBERT, DistilBERT gibi Transformer mimarileriyle 

karĸēlaĸtērmalar yapēlabilir. 

¶ Spam tespit sistemleri ger­ek zamanlē (real-time) mobil uygulamalara entegre edilerek saha 

testleriyle deĵerlendirilebilir. 

¶ Veri artērēmē (data augmentation) teknikleri ve GPT-tabanlē ¿retken modellerle daha zengin veri 

setleri oluĸturulabilir. 
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¥zet: Giderek artan enerji talebi karĸēsēnda, yenilenebilir enerji kaynaklarēnēn ºnemi g¿n¿m¿zde daha da belirgin 

h©le gelmiĸtir. Mevcut enerji ihtiyacēnēn b¿y¿k bir kēsmē h©l© yenilenemez kaynaklardan karĸēlanmakta olup, bu 

kaynaklarēn zamanla t¿kenme riski, artan enerji ihtiyacē ve iklim ¿zerindeki olumsuz etkileri yenilenebilir enerji 

sistemlerine olan ilgiyi hēzla artērmēĸtēr. Son yēllarda otomasyon teknolojilerinin ilerlemesiyle birlikte, daha d¿ĸ¿k 

g¿­ seviyelerinde ­alēĸan sistemlere olan ihtiya­ da gºr¿n¿r h©le gelmiĸtir. G¿­ elektroniĵi, sensºr teknolojileri 

ve Ar-Ge faaliyetlerindeki geliĸmeler sayesinde, d¿ĸ¿k g¿­l¿ sistemlerde daha y¿ksek verimlilikle enerji ¿retimi 

saĵlanabilmektedir. Bu baĵlamda ger­ekleĸtirilen deneysel ­alēĸmada, kurulan sistem ile mekanik titreĸimler 

aracēlēĵēyla yalnēzca bir piezoelektrik sensºr kullanēlarak mikro ºl­ekte enerji ¿retimi ger­ekleĸtirilmiĸtir. 

Bºylece, karmaĸēk ve y¿ksek maliyetli sistemlere ihtiya­ duyulmadan g¿nl¿k yaĸamda belirli bir enerji ihtiyacēnēn 

karĸēlanabileceĵi ortaya konmuĸtur. Deney d¿zeneĵi; g¿neĸ takip mekanizmasē, Fresnel mercek, Stirling motor, 

piezoelektrik sensºr, kºpr¿ diyot devresi, g¿neĸ ēĸēnēmē sensºr¿, odak sēcaklēĵē ve gerilim ºl­¿m birimleri gibi 

­eĸitli bileĸenlerden oluĸmaktadēr. Deneysel s¿re­ sonunda, a­ēk devre doĵrultucu u­larēnda 27ï30 V aralēĵēnda 

bir gerilim elde edilmiĸ ve bu veriler kullanēlarak sistemin elektriksel g¿­ ­ēktēsē tablolar h©linde sunulmuĸtur. 

Anahtar Kelimeler: G¿neĸ Enerjisi, Piezoelektrik, Stirling Motor, Fresnel Mercek, Mikro Enerji ¦retimi, 

Yenilenebilir Enerji Sistemleri 

 

A System for Generatēng Electrēcal Energy Usēng Pēezoelectrēc Materēals Wēth Concentrated Solar Energy 

and a Stērlēng Engēne 

 

Abstract: In response to the growing global demand for energy, the significance of renewable energy sources has 

become increasingly evident. A substantial portion of primary energy needs is still met through non-renewable 

sources. However, concerns over the eventual depletion of these resources, the parabolic rise in energy 

consumption, and their adverse environmental impacts have driven a shift towards renewable alternatives. In 
recent years, advances in automation technologies have also highlighted the growing need for systems that operate 

at lower power levels. Developments in power electronics, sensor technologies, and research and development 

activities have enabled higher energy efficiency and greater functionality even at micro-power levels. Within this 

context, an experimental setup was developed to investigate micro-scale energy generation using a single 

piezoelectric sensor driven by mechanical vibrations. The findings demonstrated that sufficient electrical energy 

can be produced to meet specific needs in daily applications without the need for complex and high-cost systems. 

The constructed system includes components such as a solar tracking mechanism, Fresnel lens, Stirling engine, 

piezoelectric sensor, bridge rectifier circuit, solar irradiance sensor, focused heat measurement, and voltage 

measurement units. As a result of the experiment, an open-circuit voltage ranging from 27 to 30 V was obtained, 

and these measurements were tabulated as part of the systemôs electrical output analysis. 

Keywords: Solar Energy, Piezoelectric, Stirling Engine, Fresnel Lens, Micro Energy Production, Renewable 

Energy Systems 
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1.GĶRĶķ  

Yenilenebilir enerji, g¿n¿m¿zde ­evresel s¿rd¿r¿lebilirlik ve enerji g¿venliĵi a­ēsēndan kritik bir ºneme 

sahiptir. Hēzla artan enerji talebi, ­evresel sorunlarēn ­oĵalmasē ve sēnērlē enerji kaynaklarē, yenilenebilir 
enerjiye olan ihtiyacē daha da belirgin h©le getirmiĸtir (IRENA, 2021). Bu ­alēĸmada, piezoelektrik 

malzemelerin ve Stirling motorlarēnēn yenilenebilir enerji ¿retimindeki etkileri ve potansiyelleri 

kapsamlē bir ĸekilde ele alēnacaktēr. Piezoelektrik malzemelerin enerji ¿retimindeki rol¿, hem ­evresel 
s¿rd¿r¿lebilirlik hem de enerji g¿venliĵi a­ēsēndan b¿y¿k ºnem taĸēmaktadēr. Benzer ĸekilde, Stirling 

motorlarē da sēcaklēk farklarēndan enerji ¿retimi konusundaki potansiyeliyle dikkat ­ekmektedir. Bu iki 

teknolojinin birlikte kullanēmēyla yenilenebilir enerji sektºr¿n¿n nasēl dºn¿ĸt¿r¿lebileceĵi ve 

geliĸtirilebileceĵi bu ­alēĸmanēn temel araĸtērma konusunu oluĸturmaktadēr. 

Yenilenebilir enerji, doĵal kaynaklardan elde edilen enerji t¿rlerini ifade etmektedir. Bu kaynaklar 

arasēnda g¿neĸ enerjisi, r¿zg©r enerjisi, hidroelektrik enerji, jeotermal enerji ve biyok¿tle enerjisi gibi 

­eĸitli kaynaklar yer almaktadēr. Yenilenebilir enerji kaynaklarē, fosil yakētlarla karĸēlaĸtērēldēĵēnda ­ok 
daha ­evre dostu ve s¿rd¿r¿lebilir bir enerji ¿retimi sunmaktadēr. Bu nedenle d¿nya genelinde 

yenilenebilir enerji kaynaklarēna olan ilgi ve yatērēmlar hēzla artmaktadēr (IEA, 2020). 

¢evresel s¿rd¿r¿lebilirlik a­ēsēndan yenilenebilir enerji kaynaklarē, sera gazē emisyonlarēnēn 
azaltēlmasēna ve iklim deĵiĸikliĵiyle m¿cadeleye katkē saĵlamaktadēr. Aynē zamanda doĵal kaynaklarēn 

t¿kenmesini engellerken ­evre ¿zerindeki olumsuz etkileri de en aza indirmektedir. Enerji g¿venliĵi 

a­ēsēndan ise yenilenebilir enerji kaynaklarēna dayalē bir enerji ¿retimi, enerji arzēnēn istikrarlē ve g¿venli 

olmasēnē m¿mk¿n kēlmaktadēr. 

Piezoelektrik malzemeler, mekanik basēnca veya titreĸime maruz kaldēklarēnda elektrik enerjisi 

¿retebilen ºzel yapēlē malzemelerdir (Smith, J. A. et al, 2022). Bu ilgin­ ºzellik, piezoelektrik 

malzemeleri enerji ¿retiminde kullanēlmak ¿zere m¿kemmel adaylar h©line getirmektedir. Piezoelektrik 
etki, malzemenin kristal yapēsēndaki simetrinin bozulmasēna dayalēdēr ve basit­e ifade etmek gerekirse, 

mekanik gerilmenin elektrik enerjisine dºn¿ĸt¿r¿lmesi prensibine dayanēr. 

Piezoelektrik malzemeler, enerji ¿retiminde farklē ĸekillerde kullanēlabilir. ¥rneĵin, yollarda ve 
kºpr¿lerdeki ara­ trafiĵi, piezoelektrik katmanlarla kaplanmēĸ y¿zeyler aracēlēĵēyla mekanik enerjiyi 

elektrik enerjisine dºn¿ĸt¿rebilir (Johnson, L. C, 2021). Bununla birlikte, piezoelektrik malzemeler 

r¿zg©r t¿rbinlerinde ve okyanus dalga enerjisi santrallerinde de kullanēlabilir. R¿zg©r t¿rbinlerinin 

kanatlarēna yerleĸtirilen piezoelektrik sensºrler, r¿zg©rēn hēzē ve yoĵunluĵuna baĵlē olarak oluĸan 
titreĸimlerle ek enerji ¿retebilir. Benzer ĸekilde, denizlerdeki dalga hareketleri, su altēna yerleĸtirilen 

piezoelektrik cihazlar sayesinde elektrik enerjisine dºn¿ĸt¿r¿lebilir (Green, M. D. et al, 2020). 

Stirling motorlarē ise sēcaklēk farkēna dayalē olarak ­alēĸan dēĸtan ēsētmalē motor sistemleridir. Bu 
motorlar, sēcak ve soĵuk kaynaklar arasēndaki sēcaklēk farkēnē kullanarak ­alēĸmaktadēr (Walker, G., & 

Senft, J. R, 2000). 

Piezoelektrik malzemeler ile Stirling motorlarēnēn birlikte kullanēmē, yenilenebilir enerji ¿retiminde 
­evresel s¿rd¿r¿lebilirlik ve verimlilik a­ēsēndan b¿y¿k bir potansiyel taĸēmaktadēr. ¥rneĵin, r¿zg©r 

t¿rbinlerinin kanatlarēna yerleĸtirilen piezoelektrik sensºrler, r¿zg©r enerjisi ¿retiminin yanē sēra kinetik 

enerjiyi de elektrik enerjisine dºn¿ĸt¿rebilir. Benzer ĸekilde, g¿neĸ enerjisi sistemlerinin ēsē toplayēcēlarē 

ile Stirling motorlarēnēn birleĸtirilmesi, g¿neĸ enerjisinin daha verimli kullanēlmasēnē saĵlayabilir. Bu 
birleĸik yaklaĸēm, yenilenebilir enerji kaynaklarēnēn daha verimli ve s¿rd¿r¿lebilir kullanēmēnē teĸvik 

etmektedir (Brown, P. et al, 2019). 

Piezoelektrik malzemelerin ve Stirling motorlarēnēn yenilenebilir enerji ¿retimindeki rolleri, enerji 
¿retiminin ­evresel s¿rd¿r¿lebilirlik ve enerji g¿venliĵi a­ēsēndan nasēl geliĸtirilebileceĵini ortaya 

koymaktadēr. Bu teknolojilerin birlikte kullanēmē, yenilenebilir enerji kaynaklarēnēn daha verimli ve 

etkili kullanēlmasēnē saĵlayarak enerji sektºr¿n¿n daha s¿rd¿r¿lebilir ve g¿venli bir geleceĵe 

yºnelmesine katkē saĵlayacaktēr. 

Sonu­ olarak bu ­alēĸma; ­evresel s¿rd¿r¿lebilirliĵin artērēlmasē, enerji g¿venliĵinin saĵlanmasē, enerji 

maliyetlerinin d¿ĸ¿r¿lmesi ve yenilik­i teknolojilerin geliĸtirilmesinin teĸvik edilmesi gibi ºnemli 

hedefler taĸēmaktadēr. Gelecekte yenilenebilir enerjinin daha yaygēn ve etkili kullanēmēna katkē 

saĵlayarak enerji sektºr¿n¿n daha s¿rd¿r¿lebilir bir geleceĵe yºnlendirilmesini ama­lamaktadēr. 
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Bu ­alēĸmada, g¿neĸ ēĸēĵēnēn farklē bir deĵerlendirme yºntemi olarak Fresnel mercek yardēmēyla tek bir 

odak noktasēnda toplanmasē ve elde edilen ēsēnēn bir Stirling motorunu ­alēĸtērmak ¿zere kullanēlmasē 

ama­lanmēĸtēr. Stirling motorundan elde edilen mekanik enerjinin piezoelektrik sensºr aracēlēĵēyla 
elektrik enerjisine dºn¿ĸt¿r¿lmesiyle, d¿ĸ¿k g¿­l¿ sistemlerin enerji ihtiyacēnē karĸēlayabilecek d¿zeyde 

s¿rd¿r¿lebilir bir ¿retim yapēlmasē hedeflenmiĸtir. Deneysel olarak geliĸtirilen bu sistem, hem akademik 

araĸtērmalara hem de uygulamaya yºnelik ­alēĸmalara katkē saĵlayabilecek nitelikte olup, hibrit mikro 

ºl­ekli enerji ¿retim sistemleri literat¿r¿nde ºrnek teĸkil edebilecek bir yapē sunmaktadēr. 

Bu tezin temel hedeflerinden biri, literat¿rde yeterince ele alēnmamēĸ olan bu konuya katkēda bulunmak 

ve deneysel bir hibrit enerji ¿retim d¿zeneĵi kurarak g¿neĸ ēĸēnēmēnēn ­eĸitli bileĸenler aracēlēĵēyla 
elektrik enerjisine dºn¿ĸt¿r¿lebileceĵini ortaya koymaktēr. Kurulan sistemde, doĵrultucu kºpr¿ diyot 

devresi ile ­ēkēĸ gerilimleri ºl­¿lm¿ĸ, bu sayede elde edilebilecek potansiyel gerilim seviyeleri nicel 

olarak belirlenmiĸtir. Bu yºn¿yle ­alēĸma, hem enerji dºn¿ĸ¿m sistemleri alanēnda hem de piezoelektrik 

temelli mikro ºl­ekli enerji ¿retim teknolojileri literat¿r¿nde yenilik­i ve ºzg¿n bir yaklaĸēm 

sunmaktadēr. 

 

ķekil 1.1 Deneyde Kullanēlan Piezoelektrik Sensºr 
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ķekil 1.2 Kurulan Deney D¿zeneĵinin ¢izim Gºr¿nt¿s¿ 

 

 

Yukarēda verilen ķekil 1.1 ve ķekil 1.2ôte kurulan deney d¿zeneĵinde kullanēlan piezoelektrik sensor ve 

d¿zeneĵin AutoCAD programē ¿zerinden ­izilmiĸ olan modellemesi gºsterilmiĸtir. Deneyin 

d¿zeneĵinin daha anlaĸēlēr olmasē i­in modellenen ­izim gºr¿nt¿s¿ stirling motoru, motorun alt 
y¿zeyine yerleĸtirilen piezoelektrik sensºr¿ ve bu komponentlerin saĵlēklē bir ­ēktē verebilmesi i­in 

¿retilen ahĸap entegre sistemi i­ermektedir. 

2. MATERYAL VE Y¥NTEM 

Bu bºl¿mde, deney s¿recinde kullanēlan d¿zenek, tercih edilen malzemeler ve cihazlar ile birlikte 

sistemin kurulumu ve uygulanan ºl­¿m teknikleri sistematik olarak detaylandērēlmēĸtēr. ¢alēĸmanēn ana 

hedefi, doĵrudan g¿neĸ ēĸēnēmē ile elde edilen ēsēnēn bir Stirling motor aracēlēĵēyla mekanik harekete 
dºn¿ĸt¿r¿lmesi ve bu hareketin piezoelektrik sensºr ¿zerinden mikro ºl­ekte elektrik enerjisine 

­evrilmesidir. Ayrēca kurulan hibrit yapēda yer alan bileĸenlerin teknik nitelikleri a­ēklanmēĸ, deneysel 

veriler bu teknik ºzellikler doĵrultusunda temel fiziksel form¿ller kullanēlarak deĵerlendirilmiĸtir. 

2.1. Kullanēlan Malzemeler ve Cihazlar 

Deney d¿zeneĵinde enerji dºn¿ĸ¿m zincirini oluĸturan baĸlēca bileĸenler fresnel mercek, stirling motor, 

piezoelektrik sensºr, kºpr¿ diyot devresi ve ­eĸitli ºl­¿m cihazlarēdēr. Bu bileĸenler, sistemin her bir 

aĸamasēnda ger­ekleĸecek olan enerji dºn¿ĸ¿m¿n¿n verilerini saĵlēklē bir ĸekilde almak ¿zere se­ilmiĸ 

ve hassas teknik ºzelliklerinin var olmasē sebebiyle tercih edilmiĸtir. 

Fresnel mercek, a­ēk havadan gelen g¿neĸ ēĸēĵēnē tek bir alana odaklayarak y¿ksek sēcaklēk oluĸmasēnē 

saĵlayan, ince ve halkasal bir tasarēma sahip optik elemandēr. Yaklaĸēk 60 cm ­apēnda ve 620 mm odak 

uzaklēĵēna sahip olan bu mercek, gelen ēĸēnēmē motorun yer deĵiĸtirici pistonuna yºnlendirerek 100ï

250ÁC arasē sēcaklēk ¿retimi saĵlamēĸtēr. 

Piezoelektrik sensºr olarak Q220-A4BR-2513YB modeli tercih edilmiĸtir. Bu sensºr, mekanik 

zorlamaya maruz kaldēĵēnda elektriksel gerilim ¿retme kapasitesine sahip PZT (kurĸun zirkonat titanat) 
esaslē seramik bir yapē i­ermektedir. D¿ĸ¿k frekanslē ve k¿­¿k genlikli mekanik salēnēmlar i­in uygun 

olan bu sensºr, Stirling motorun periyodik hareketi ile titreĸim almēĸ ve gerilim ¿retmiĸtir (Piezo 

Systems, 2023). 
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Tablo 2.1 Piezoelektrik Sensºr¿n ¥zellikleri 

¥zellik Deĵer 

Model Q220-A4BR-2513YB 

Malzeme T¿r¿ PZT (Kurĸun Zirkonat Titanat) 

Boyutlar (mm) 32 x 16 x 0.5 

Maksimum Gerilim 35.3 V 

Duyarlēlēk 5ï10 mV/N 

Frekans Yanēt Aralēĵē 0.5 ï 1000 Hz 

¢alēĸma Prensibi Mekanik zorlamaya baĵlē gerilim ¿retimi 

Uygun Uygulama Tipi D¿ĸ¿k frekanslē periyodik titreĸim ortamlarē 

  

 

ķekil 2.1 Deney D¿zeneĵinin G¿neĸ Takip Sistemine Entegre Edilmiĸ Gºr¿nt¿s¿ 

 

 






















































































































