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Gercek Saha Verileri ile Mobil Saya¢ Okuma
Sisteminin Kapsama ve Performans Analizi

Coverage and Performance Analysis of Mobile Meter Reading System
with Real Field Data

Serdar Demircan Sedat Gormiis
Dicle Universitesi, Karadeniz Teknik Universitesi
Elektrik -Elektronik Miithendisligi Bolumdi Bilgisayar Miihendisligi Bolumi
Diyarbakir, Tiirkiye Trabzon, Turkiye
srdrdemircan@hotmail.com sedatgormus@Kktu.edu.tr
Heybet Kilig Cem Haydaroglu
Dicle Universitesi Dicle Universitesi
Elektrik ve Enerji Bolimu Elektrik- Elektronik Miihendisligi Bolimi
Diyarbakir, Tiirkiye Diyarbakir, Tiirkiye
heybet.kilic@dicle.edu.tr cem.haydaroglu@dicle.edu.tr
0Z

Elektrik dagitim sistemlerinde tiiketim verilerinin dogru, zamaninda ve diisiik maliyetle
toplanmasi; faturalandirma dogrulugu, kayip-kacak analizi ve enerji yonetimi acisindan kritik
bir gerekliliktir. Tiirkiye’de akilli saya¢ kullanim oraninin sinirli olmasi ve kirsal bolgelerde
haberlesme altyapisinin yetersizligi, mevcut otomatik saya¢ okuma (AMR) sistemlerinin
yaygin kullanimini zorlastirmaktadir. Bu ¢aligmada, bu problemlere ¢6ziim olarak RF Drive-
By tabanli hibrit bir mobil veri toplama mimarisi 6nerilmektedir.

Onerilen sistemde elektrik sayaglart RS-485 haberlesme arayiizii iizerinden yerel RF
modemlere baglanmakta ve saya¢ verileri kisa mesafeli kablosuz haberlesme ile
yayinlanmaktadir. Sahada hareket eden ekip araclari lizerine yerlestirilen mobil veri
toplayicilar, kapsama alanina girdikleri sayaclardan verileri firsat¢1 (opportunistic) haberlesme
prensibine dayali olarak toplamakta ve GSM altyapis1 lizerinden merkezi sisteme iletmektedir.
Bu yaklasim, her saya¢ i¢in ayr1 bir hiicresel abonelik ihtiyacini ortadan kaldirarak sistem
maliyetini 6nemli 6l¢iide azaltmaktadir.

Sistem analitik olarak zamana bagli graf modeli, Poisson veri Uretim streci ve M/G/1 kuyruk
teorisi gergevesinde modellenmistir. RF haberlesme kanali log-normal gélgelenme modeli ve
Friis iletim denklemi ile karakterize edilmistir. Ayrica veri teslim giivenilirligi, ara¢ ziyaret
sikligina bagli olarak matematiksel olarak analiz edilmistir.

Onerilen mimarinin saha uygulanabilirligi, 8.076 abone noktasmna ait gercek veri seti
kullanilarak degerlendirilmistir. Analiz sonuglari, 1.000 m RF menzilinde agin %96,2’sine


mailto:sedatgormus@ktu.edu.tr

Dicle Universitesi - 4. Uluslararasi Fen Bilimleri Lisansiistii Arastirmalar Sempozyumu,
12-14 Mayis 2026, Diyarbakir

erisim saglanabildigini ve mobil veri toplama yaklagiminin manuel okumaya kiyasla yaklasik
25 kat daha verimli oldugunu gostermektedir. Ayrica sistemin ozellikle kirsal ve dagmik
yerlesim bolgelerinde maliyet-etkin ve 6l¢eklenebilir bir ¢6ziim sundugu ortaya konmustur. Bu
calisma, sabit haberlesme altyapisina ihtiyag duymayan, diisik maliyetli ve yiiksek
uygulanabilirlige sahip alternatif bir AMR mimarisi sunmaktadir.

Anahtar Kelimeler: Otomatik Saya¢ Okuma; Mobil Veri Toplayici; Gecikmeye Toleransli Ag;
Frsat¢i Haberlesme

ABSTRACT

The accurate, timely, and cost-effective collection of electricity consumption data is essential
for billing accuracy, non-technical loss detection, and efficient energy management in
distribution systems. However, the limited penetration of smart meters and insufficient
communication infrastructure in rural areas restrict the widespread deployment of conventional
Automatic Meter Reading (AMR) systems. In this study, a hybrid RF Drive-By based mobile
data collection architecture is proposed to address these challenges.

In the proposed system, electricity meters are connected to local RF modems via RS-485
communication interfaces. Meter data are transmitted over short-range wireless communication
and collected opportunistically by mobile data collectors mounted on service vehicles. These
data are then forwarded to the central system through GSM infrastructure. This approach
eliminates the need for individual cellular subscriptions for each meter, significantly reducing
operational costs.

The system is analytically modeled using a time-varying graph framework, Poisson data
generation process, and M/G/1 queueing theory. The RF communication channel is
characterized using the log-normal shadowing model and Friis transmission equation. Data
delivery reliability is also analyzed as a function of vehicle visit frequency.

The feasibility of the proposed architecture is validated using real-world data from 8,076
subscriber points. Results indicate that a coverage rate of 96.2% can be achieved with a 1000
m RF range, and the system provides approximately 25 times higher efficiency compared to
manual meter reading. The findings demonstrate that the proposed system offers a cost-
effective and scalable solution, particularly for rural and sparsely populated areas.

Keywords: Automatic Meter Reading; Mobile Data Collector; Delay Tolerant Network;
Opportunistic Communication
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Seismic Vulnerability Assessment of Soft-Story
Buildings

Tuba Yazicioglu Mehmet Emin Oncli
Dicle University: Institute of Natural and Dicle University: Faculty of Engineering,
Applied Sciences, Department of Civil Engineering Department of Civil Engineering
Diyarbakir, TUrkiye Diyarbakir, Tiirkiye
tubaayazicioglu@gmail.com oncume@dicle.edu.tr
ABSTRACT

Recent seismic events, including the February 6, 2023 Kahramanmaras earthquakes in Tiirkiye,
have highlighted the significant vulnerability of reinforced concrete (RC) buildings with
structural irregularities. Among these, soft-story irregularity is recognized as one of the most
critical factors leading to severe damage or collapse. This type of irregularity generally results
from abrupt changes in lateral stiffness between adjacent stories, often due to the absence of
infill walls at the ground floor or increased story height for functional purposes such as
commercial use or parking. Although infill walls are typically considered non-structural
elements in conventional design approaches, their contribution to the global stiffness and
seismic response of structures is substantial; their sudden absence creates a structural
discontinuity that dictates the overall dynamic behavior of the building. The sudden change in
stiffness causes seismic energy and displacement demands to concentrate at the ground floor,
leading to excessive inter-story drift. To accurately evaluate such complex nonlinear behaviors,
traditional linear methods often remain insufficient in predicting actual seismic demands. In
this context, Incremental dynamics analysis is a prevalent technique for accurately predicting
the nonlinear responses of structures. Recently, with significant advancements in computational
methodologies, an improved and expanded version of the Time History Nonlinear Analysis
methodology, known as Incremental Dynamic Analysis (IDA), has emerged, which is used to
evaluate the dynamic response of structures under seismic forces. Nonlinear Time History
Analysis is considered the most accurate and precise approach for evaluating the seismic
performance of a specific building. In this method, a set of ground motion records are selected
and each record is scaled into multiple intensity levels to cover the entire range of structural
response from elastic behavior all the way from linear elastic response to global dynamic
instability.

The purpose of this study is to investigate the seismic vulnerability of medium-rise reinforced
concrete buildings with soft-story irregularity, which are frequently encountered in Turkiye. In
this context, reinforced concrete frame systems were modeled and analyzed in accordance with
the Turkish Building Earthquake Code (TBEC 2018). Infill walls were represented using an
equivalent strut modeling approach, allowing their contribution to structural stiffness to be
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incorporated into the analysis. The analyses were carried out using selected strong ground
motion records obtained from the February 6, 2023, Kahramanmaras earthquakes.

In this study, two different reinforced concrete frame models, each with 6 stories and designed
to reflect various structural arrangements, were analyzed. As the basic model, a Reference
model (FI-30) system with equal floor heights (3m) and infill walls in all floors was chosen. To
evaluate soft-story irregularities, the second model, Soft-Story model (SS-45) was created by
removing the infill wall on the ground floor, taking its height as 4.5 meters, while the other
floors were modeled at 3.0 meters with infill walls. In the models, concrete strength C25/30
and reinforcement class B420C were selected, with column sections defined as 40x40 cm and
beam dimensions as 30x50 cm. In the columns, 12®16 reinforcement was designed, and in the
beams, 4012 reinforcement was designed at the top and bottom. The frame system has been
analyzed under gravity loads consisting of a dead load of 8 kN/m2 and a live load of 5 kN/m?,
in addition to seismic effects.

In order to evaluate structural performance and quantify seismic vulnerability, Incremental
Dynamic Analysis (IDA) was employed, and fragility curves were developed based on the
analysis results. These curves were used to estimate the probability of exceeding different
damage states under increasing seismic intensity levels, enabling a comparative assessment
between the reference and soft-story models.

The results indicate that the absence of infill walls at the ground floor and the increase in story
height significantly amplify inter-story stiffness irregularities, leading to higher seismic
demands and structural vulnerability. The soft-story model exhibits substantially larger inter-
story drift demands compared to the reference model, particularly at the ground level where
stiffness discontinuity is most pronounced. Fragility curve evaluations further reveal that the
probability of exceeding various damage states is considerably higher in structures with soft-
story irregularity. In particular, critical performance levels such as Life Safety (LS) and
Collapse Prevention (CP) are reached at lower seismic intensity levels in the soft-story model.

These findings emphasize the importance of considering the contribution of infill walls and
maintaining a balanced stiffness distribution along the height of the structure in seismic design.
Additionally, this study has determined that the significantly greater height of ground floor
compared to the upper floors is critical for seismic-resistant design. The results also highlight
the necessity of carefully evaluating ground story configurations in both the design of new
buildings and the assessment and retrofitting of existing structures in earthquake-prone regions.

Keywords: Earthquake, Vulnerability, Soft-Story, Incremental Dynamic Analysis
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ABSTRACT

Salt stress is one of the most important abiotic stress factors negatively affecting the growth
and development of cotton plants, as it does in all plants. Since plants are mostly quite sensitive
during the early seedling development stages, determining the negative effects of salinity on
cotton varieties during these periods is crucial. This study was conducted under controlled
conditions using a split-plot experimental design in randomized blocks with 3 replications to
investigate the effects of different salt doses (50% NaCl + 50% MgSOQ.) (0, 7.5, 15.0, 22.5 dS
m™) on the early seedling development stages of 84 cotton seeds registered in Turkey. In the
study, 50% NaCl + 50% MgSOs salts were used equally. Pure water was used instead of salt in
the control plot. At the end of the 30-day seedling development period in pots, the mean root
length (KBU), mean seedling length (FBU), above-ground fresh weight (TUY), and below-
ground fresh weight (TAY) characteristics of the plants were examined. Increasing salt
concentrations exerted significant pressure on the parameters studied, indicating that ions such
as Na*, Mg*2, CI', and S in the environment were initially at limiting levels for the plant, but an
unexpected growth increase (hormesis) occurred at low doses (7.5 dS m™), suggesting that the
salt had not yet reached the toxic threshold and provided a suitable ionic environment for
metabolic activities. Severe declines were recorded in all parameters with increasing salt doses
to 15.0 and 22.5 dS m* for cotton seedlings. Damage rates of 20.20% (FBU), 60.34% (KBU),
44.69% (TUY), and 45.49% (TAY) indicate that all genotypes exhibited insufficient "salt
avoidance™ or "salt tolerance™ mechanisms. This damage reflects the two-stage growth
inhibition (osmotic and ionic phases) experienced by the plant in response to high salinity.
Correlation and regression analyses revealed that among the examined FBU (r=-0.49**; R?=
0.26), KBU (r=-0.80**; R?=0.69), TUY (r=-0.74**; R%:0.55), and TAY (r=-0.70**; R? = 0.56)
characteristics, KBU, TAY, and TUY more clearly reflected the stress severity, respectively.
This indicates that salinity has a statistically significant suppressive effect on seedling
development. Based on the regression analysis considering the average FBU values for the
applied salt concentration, the quadratic regression equation y=-0.0086975X? + 0.1350586X +
8.8241145 (R?= 0.26) was obtained. The study mathematically models that FBU development
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declines after a salt threshold of 7.5 dS m™, in accordance with the law of diminishing yields.
It revealed that 26% of the growth reduction is due to salt stress, while the remaining variation
is due to genotypic differences and other environmental factors. A regression analysis,
considering the average KBU characteristic and the average applied salt concentration, yielded
the equation y = 0.0227862 X? — 1.0629511 X + 16.120962 (R?=0.69). The high negative
correlation found between KBU and application dose indicates that the pressure of salt on root
development is very strong and direct. The regression coefficient (69%) obtained from the
regression analysis shows that approximately 69% of the change in root length can be explained
by the amount of salt applied. This value, when compared with the Seedling Height regression
coefficient (26%), proves that root length is a much more reliable and decisive parameter in salt
tolerance screenings. According to the regression analysis of the average root mass
characteristic and applied salt concentrations, the equation y = 1.675578 — 0.0407289 X (R? =
0.55) was obtained. The R? = 0.55 value for the root mass parameter confirms that biomass
accumulation is directly affected by both osmotic and ionic stress. The strong negative
correlation found between root mass and application dose confirms the suppressive role of
salinity on plant development. The determined linear regression model shows that more than
half of the change in biomass is directly related to salt concentration. Based on the regression
analysis considering the average TAY characteristic and the average applied salt concentration
values, the equation y = 0.2557233 — 0.0061313 X (R? = 0.56) was obtained. The regression
coefficient mathematically confirms that more than half of the change in root biomass occurs
directly due to the effect of salinity. The strong negative correlation found between TAY and
application doses reveals that the losses in root weight are linearly related to increasing salt
levels. This decrease in root fresh weight indirectly limits the development of above-ground
organs (above-ground organs) by narrowing the surface area for water and nutrient absorption
of the roots. The main reasons for the decrease in root biomass include the inhibition of cell
division and the loss of viability in root tip meristems due to ion toxicity. Considering all the
traits examined, and taking into account the results obtained under extreme salinity conditions
such as 22.5 dS m, genotypes 33 and 49 ranked highly, while genotypes 12, 13, 14, 24, 34,
37, 41, 43, 55, 58, and 59 ranked highly when at least 3 traits were considered. This suggests
that these genotypes may possess a holistic defence mechanism against salt stress (both ion
exclusion and osmotic regulation). It is recommended that these genotypes be considered as
priority material in cotton breeding programs against water-constraining stress factors such as
drought and salinity. This has revealed that these genotypes can be valuable genetic resources
for the reclamation and use of saline agricultural lands. It is suggested that these genotypes be
further investigated in terms of their ion content (Na*, K* analysis) and antioxidant enzyme
activities to elucidate their tolerance mechanisms at the molecular level.

Keywords: Cotton; Variety; Seedling; Salt; Stress
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Diyabetes mellitus, diinya capinda hizla artan prevalansi ve yol agtifi komplikasyonlarla
modern tibbin en kritik halk sagligi sorunlarindan biri olarak kabul edilmektedir. Diinya Saglik
Orgiitii verilerine gdre diyabet, her yil milyonlarca insanin yasam kalitesini diisiirmekte ve
saglik sistemlerine ciddi ekonomik yiik getirmektedir. Ozellikle tip 1 ve tip 2 diyabetli
bireylerde goriilen komplikasyonlar, kardiyovaskiiler hastaliklar, bobrek yetmezligi ve
diyabetik ketoasidoz (DKA) gibi yasami tehdit eden tablolarla sonuglanabilmektedir. Bu
nedenle diyabetin erken tanisi, etkin yonetimi ve komplikasyonlarin 6nlenmesi, giiniimiiz klinik
arastirmalariin en 6nemli odak noktalarindan biridir.

Bu ¢aligma, diyabetik hastalarda kandaki keton cisimciklerinin tanisal degerini arastirmakta ve
glukoz diizeyleri ile korelasyonunu ortaya koymay1 amaglamaktadir. Arastirma, 300 diyabet
hastas1 ve 30 saglikli kontrol grubuyla yiiriitiilmiistiir. Endokrinoloji boliimiine basvuran
hastalardan alinan kan 6rneklerinde keton cisimcikleri Headspace Gaz Kromatografisi (GC-
HS) ile analiz edilmis, es zamanl olarak parmak ucu kan sekeri 6l¢iimleri ve HbAlc degerleri
belirlenmistir. GC-HS teknigi, ucucu bilesiklerin hassas sekilde dl¢giilmesine olanak tanidigi
icin keton analizi agisindan giivenilir bir yontem olarak tercih edilmistir. HbAlc ise uzun
donem glisemik kontroliin gostergesi olarak caligmaya eklenmis, boylece kisa ve uzun vadeli
metabolik durum birlikte degerlendirilmistir.

Elde edilen veriler istatistiksel yontemlerle analiz edilmis ve keton-glukoz iliskisi modelleme
ile ortaya konmustur. On bulgular, keton cisimciklerinin yiiksek seviyelerde bulunmasinin
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yetersiz glisemik kontrol ve artmis DKA riski ile giiclii bir sekilde iliskili oldugunu
gostermektedir. Bu durum, 6zellikle tip 1 diyabetli bireylerde metabolik dengenin bozulmasinin
erken bir gostergesi olarak degerlendirilebilir. Literatiirde keton Ol¢limiiniin yalnizca DKA
tanisinda degil, ayn1 zamanda tedavi siirecinin izlenmesinde de kritik rol oynadigina dair
kanitlar giderek artmaktadir. Dolayisiyla, glukoz takibine ek olarak keton diizeylerinin rutin
olarak degerlendirilmesi, klinisyenlere hastalik progresyonunu daha dogru Ongérme ve
miidahaleyi zamaninda yapma imkan1 sunmaktadir.

Sonug olarak, diyabet yonetiminde keton cisimciklerinin rutin Ol¢limlere entegre edilmesi
tanisal dogrulugu artirabilir, hastane yatiglarim1 azaltabilir ve hasta yasam kalitesini
yiikseltebilir. Bu ¢aligsma, diyabetin biyokimyasal takibinde yeni bir paradigma 6nererek klinik
uygulamalara katki saglamay1 hedeflemektedir

Anahtar Kelimeler: Keton cisimcikleri, glukoz korelasyonu, keton-glukoz iliskisi, matematiksel
modelleme.

ABSTRACT

Diabetes mellitus is recognized as one of the most critical public health challenges in modern
medicine, due to its rapidly increasing global prevalence and the complications it causes.
According to World Health Organization data, diabetes reduces the quality of life for millions
of people each year and places a significant economic burden on healthcare systems.
Complications observed particularly in individuals with type 1 and type 2 diabetes can result in
life-threatening conditions such as cardiovascular diseases, kidney failure, and diabetic
ketoacidosis (DKA). Therefore, the early diagnosis of diabetes, its effective management, and
the prevention of complications are among the most important focal points of current clinical
research.

This study investigates the diagnostic value of ketone bodies in the blood of diabetic patients
and aims to establish their correlation with glucose levels. The study was conducted with 300
diabetic patients and 30 healthy controls. Blood samples collected from patients presenting to
the Endocrinology Department were analyzed for ketone bodies using Headspace Gas
Chromatography (GC-HS), while fingerstick blood glucose measurements and HbAlc levels
were simultaneously determined. The GC-HS technique was chosen as a reliable method for
ketone analysis because it allows for the precise measurement of volatile compounds. HbAlc
was included in the study as an indicator of long-term glycemic control, thereby enabling the
evaluation of both short- and long-term metabolic status.

The data obtained were analyzed using statistical methods, and the relationship between ketones
and glucose was established through modeling. Preliminary findings indicate that high levels
of ketone bodies are strongly associated with poor glycemic control and an increased risk of
DKA. This finding can be interpreted as an early indicator of metabolic imbalance, particularly
in individuals with type 1 diabetes. Evidence in the literature is growing that ketone
measurement plays a critical role not only in the diagnosis of DKA but also in monitoring the
treatment process. Therefore, routinely assessing ketone levels in addition to glucose
monitoring provides clinicians with the opportunity to more accurately predict disease
progression and intervene in a timely manner.
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In conclusion, integrating routine measurement of ketone bodies into diabetes management can
improve diagnostic accuracy, reduce hospitalizations, and enhance patient quality of life. This
study aims to contribute to clinical practice by proposing a new paradigm in the biochemical
monitoring of diabetes.

Keywords: Ketone bodies, glucose correlation, ketone-glucose relationship, mathematical
modelling.
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ABSTRACT

Introduction: Wheat (Triticum aestivum L.) originates from Southwest Asia and is cultivated
worldwide. Known as the king of cereals, it is consumed as a staple food by one-third of the
world's population. According to one estimate, wheat is the second most widely cultivated crop
in the world.

Objective: This study aims to evaluate the drought tolerance of various wheat genotypes by
assessing their basic agricultural morphological characteristics under water stress conditions.
Material and Methods: Two drought levels were applied in the study: 100% and 50% field
capacity. The purpose of testing the 50% drought level was to investigate the effect of water
levels below field capacity on plant performance, which hinders healthy plant growth and
development. Two bread wheat varieties and three bread wheat lines were used in the
experiment. The two bread wheat varieties were Empire and Toros 1003, and the three lines
were LOK-1, TBT16-5, and DZ17-1. The study was conducted under 100% and 50% field
capacity conditions during the 2025-2026 growing season. The experiment was set up as a pot
experiment. To determine field capacity, the soil was fully saturated with water and left for 48
hours until water infiltration was complete. Wet soil weight - dry soil weight = field capacity
was defined. 100% field capacity was calculated as 1865 liters, and 50% field capacity as 932
liters. Two drought levels, 100% and 50% field capacity, were applied in the experiment. The
experiment was conducted according to a split-plot experimental design with four replications.
A total of 40 pots were used. All pots were watered until all seeds germinated. Drought stress
was initiated at the germination stage. Two drought levels, 100% and 50% field capacity, were
applied in the experiment. Four pots for each variety were watered at 100% field capacity, and
four pots for each variety were watered at 50% field capacity until physiological maturity. Pot
weights were checked daily in the stress and control groups, and watering was completed at
100% and 50% field capacity levels. The following observations and measurements were taken
from four plant samples of each variety and treatment: Heading time: Heading time was
calculated as the number of days elapsed from the date the spike emerged from the flag leaf
sheath. Plant height: measured from the ground to the tip of the main spike. Spike length:
measured from the lowest node on the main spike axis to the tip of the highest spikelet
(excluding awns). Number of spikelets: counted as spikelets per plant. Number of grains per
spike: counted as grains per spike. Grain weight: Grains obtained from the spike sample were
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weighed on a 0.01 g precision balance and the grain weight was recorded. Results: Under
drought treatments, plant height ranged from 40.97 cm to 60.22 cm.

The lowest plant height was found to be insignificant under 50% water restriction. Spike length
ranged from 5.68 cm to 6.92 cm. The lowest spike length was obtained with 50% water
restriction, and the highest spike length was obtained in the DZ17-1 genotype. The number of
spikelets per spike ranged from 11.23 to 12.72. The lowest number of spikelets per spike was
obtained with 50% water restriction. Varieties were found to be insignificant. Under drought
treatments; the number of grains per spike ranged from 9.98 to 13.45. The lowest number of
grains per spike was obtained with 50% water restriction. The highest spike length was obtained
from the DZ17-1 genotype. Single plant grain yield ranged from 0.28 g to 0.70 g. The lowest
single plant grain yield was obtained with 50% water restriction. The highest single plant grain
yield was obtained from the Toros, DZ17-1, and TBT16-5 genotypes. Plant biomass ranged
from 2.02 g to 3.02 g. The lowest single-plant grain yield was obtained at 100% field capacity.
The highest biomass was obtained in the Toros, TBT16-5, Empire, and DZ17-1 genotypes. The
varying levels of drought stress experienced by wheat varieties at different growth stages
directly affected grain number and weight. The harvest index ranged from 11.10% to 35.98%.
The highest harvest index was observed at 100% field capacity. The highest harvest index was
obtained in the Toros and DZ17-1 genotypes. Conclusion: Genetic diversity was identified
among wheat varieties in their ability to effectively mobilize their reserves under stress. Further
field trials of these varieties under Diyarbakir conditions are of great importance.

Keywords: wheat, Trirticum aestivum, drought, grain yield
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oz

Biyoteknolojideki gelismeler endiistriyel enzim kullanimini gittikge arttirmaktadir. Enzimlerin
kullanildig1 endiistriyel siirecler daha giivenli, daha temiz, ¢evre dostu ve daha ekonomiktir.
Ozellikle mikrobiyal kaynakli enzimler, yiiksek {iretim verimi, kisa iiretim siiresi, diisiik maliyet
avantajlar1 nedeniyle endiistriyel uygulamalarda tercih edilmektedir. Bu baglamda o -amilaz;
gida, tekstil, deterjan, kagit ve biyoyakit endiistrilerinde genis kullanim alanlarma sahip
oldugundan etkin ve ekonomik {iiretimi biiyiikk 6nem tasimaktadir. a-Amilaz, Bacillus’lar
tarafindan sentezlenen enzimlerin basinda gelmektedir. Bacillus suslar1 endospor olusturan,
cubuk seklinde, cogu patojen olmayan, dogada hemen her yerde bulunabilen ve c¢esitli
endiistriyel enzimleri {iretebilen, izolasyonunun ve teshisinin basit olmasi, fermentasyon
siiresinin kisa ve giivenli olmasi, sentezledikleri iriinleri ekstraselliiler ortama salgilama
kapasiteleri gibi birgok 6zelliklerinden dolay1 enzim 6zellikle de a-amilaz tiretiminde kullanilan
ilgi ¢ekici endiistriyel mikroorganizmalardir.

Bu calismada, Sivi Faz yontemi (SmF) ile Bacillus cereus’dan amilaz iiretimi gergeklestirilerek
iretim Ttzerine ¢esitli faktorlerin etkilerinin belirlenmesi amaglanmistir. pH, sicaklik,
inkiibasyon zamani, besi yeri, Enzim Uretimi tzerine karbon (glukoz, nisasta, sakkaroz, laktoz,
fruktoz, maltoz) ve azot kaynaklarinin (pepton, tripton, amonyum silfat, amonyum
nitrat,amonyum klorit) enzim etkileri incelenmistir. Amilaz aktivite tayini DNS yontemi ile
yapilmistir.

Degisik inkiibasyon siirelerinde ve a-amilaz aktivite tayini yapilarak maksimum enzim iiretimi
24.saatte NB besi yerinde clde edilmistir. 24 saat iiretilen bakteri kiiltiiriinden alinan iist sivida -
amilaz aktivite tayini yapilarak enzimin optimum sicaklik ve pH’s1 sirastyla 37°C ve pH 7.0 olarak tespit
edilmisgtir. Karbon (C) ve azot (N) kaynaklarinin enzim {iretimi {izerine olan etkileri
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incelendiginde; Azot kaynaklar1 i¢inde en yiiksek amilaz aktivitesi pepton ilaveli kiiltiir
ortaminda elde edilirken, kontrol ile diger karbon kaynaklar1 karsilastirildiginda nisasta ile
iretim artarken diger karbon kaynaklarmin ise enzim inhibisyonuna neden oldugu tespit
edimistir.

Yaptigimiz calismada amilaz {iretimi lizerine sicaklik, pH, inkiibasyon siiresi, besi yeri, C/N
kaynaklarinin etkili oldugu goriilmiis ve bu fiziksel parametrelerin optimum degerlerinin
kullanilmasiyla enzim iiretiminde artig saglanabilecegi belirlenmistir. Bacillus cereus o-
amilazinin 37°C’de maksimum aktivite gostermesi Ozelligi ile ¢amasir makinelerinde
deterjanlarinin igeriginde kullanilmasi ve diisiik sicaklikta yikama islemi gergeklestirerek
ekonomik yonde fayda saglayacagi ayrica ndtral pH’da yiiksek aktivite vermesi 6zelligi ile de
nisastanin sivilagtirilmast ve kuru temizleme gibi endustriyel alanlarda kullanimi
onerilmektedir. Elde ettigimiz veriler dogrultusunda topraktan izole ederek tanimladigimiz
Bacillus cereus tarafindan iiretilen o-amilazin karakteristik 6zellikleri ile endiistriyel alanlarda
kullanim i¢in ekonomik agidan degerlendirilebilir 6zellikte oldugu diistiniilmektedir.

Anahtar Kelimeler: Bacillus cereus; Enzim Uretimi; [zolasyon,; Karakterizasyon

ABSTRACT

Advances in biotechnology are leading to an increasing use of industrial enzymes. Industrial
processes that utilize enzymes are safer, cleaner, more environmentally friendly, and more
economical. Microbial enzymes, in particular, are preferred in industrial applications due to
their high production yield, short production time, and low-cost advantages. In this context, a-
amylase is of great importance for efficient and economical production, as it has a wide range
of applications in the food, textile, detergent, paper, and biofuel industries. a-Amylase is one
of the primary enzymes synthesized by Bacillus species. Bacillus strains are rod-shaped,
endospore-forming, mostly non-pathogenic, found almost everywhere in nature, and capable of
producing various industrial enzymes. Due to their numerous characteristics—such as the
simplicity of isolation and identification, short and safe fermentation periods, and the ability to
secrete the products they synthesize into the extracellular environment—these microorganisms
are particularly interesting industrial organisms used in enzyme production, especially for a-
amylase.

In this study, the aim was to determine the effects of various factors on amylase production
from Bacillus cereus using the Submerged Methods (SmF). The effects of pH, temperature,
incubation time, culture medium, and carbon sources (glucose, starch, sucrose, lactose, fructose,
maltose) and nitrogen sources (peptone, tryptone, ammonium sulfate, ammonium nitrate,
ammonium chloride) on enzyme production were investigated. Amylase activity was
determined using the DNS method.

By measuring a-amylase activity at different incubation times, maximum enzyme production
was obtained at 24 hours in NB medium. By measuring a-amylase activity in the supernatant
of the bacterial culture produced at 24 hours, the optimal temperature and pH of the enzyme
were determined to be 37°C and pH 7.0, respectively. When the effects of carbon (C) and
nitrogen (N) sources on enzyme production were examined, the highest amylase activity was
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obtained in the culture medium supplemented with peptone. When compared to the control and
other carbon sources, starch increased production, while the other carbon sources were found
to cause enzyme inhibition.

In our study, it was observed that temperature, pH, incubation time, culture medium, and C/N
ratios affect amylase production, and it was determined that enzyme production could be
increased by using the optimal values of these physical parameters. Given that Bacillus cereus
a-amylase exhibits maximum activity at 37°C, it is recommended for use in the formulation of
detergents for washing machines, where it can provide economic benefits by enabling washing
at lower temperatures. Additionally, due to its high activity at neutral pH, it is suggested for use
in industrial applications such as starch liquefaction and dry cleaning Based on the data
obtained, the a-amylase produced by the Bacillus cereus strain we isolated and identified from
soil is considered to possess characteristics that make it economically viable for industrial
applications.

Key Words:Bacillus cereus; Enzyme Production; Isolation; Characterization

Not: Bu ¢alisma Dicle Universitesi Bilimsel Arastirma Projeleri birimi tarafindan FEN.25.027 proje
numarall "SmF (Submerged Fermantasyon) Yontemi ile Enzim Uretimi " konusu ile ilgili olup, ilgili
birimce desteklenmistir.
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Su kaynaklari, dogal ekosistemlerin siirekliligi ve insan toplumlarinin siirdiiriilebilirligi
acisindan vazgegilmez dogal varliklardir. Diinya yiizeyinin yaklasik yiizde yetmis biri suyla
kapli olmasina ragmen bu suyun biiylik bir kism1 okyanus ve denizlerde bulunan tuzlu sudan
olusmaktadir. Kullanilabilir tatli su miktar1 ise toplam su rezervlerinin yalnizca yaklagik yiizde
iki bugugunu olusturmakta olup bu miktarin 6nemli bir boliimii buzullar ve yeralt1 suyu
depolarinda tutulmaktadir. Bu durum dogrudan kullanima uygun tatli su kaynaklarinin son
derece sinirl oldugunu gostermektedir. Artan diinya niifusu, sanayilesme, kentlesme ve iklim
degisikligi gibi faktorler mevcut su kaynaklari tizerindeki baskiyr giderek artirmakta ve suyun
surdaralebilir yonetimini kiresel 6lcekte stratejik bir zorunluluk haline getirmektedir.

Tiirkiye yar kurak iklim 6zelliklerine sahip olmas1 ve kiiresel iklim degisikliginin etkilerine
acik bir cografyada yer almasi nedeniyle su stresi riski tasiyan {ilkeler arasinda
degerlendirilmektedir. Bu baglamda su havzalarinin gerek hidrolojik ve gerekse hidrojeolojik
ozelliklerinin bilimsel yontemlerle incelenmesi mevcut kaynaklarin etkin ve siirdiiriilebilir
bicimde yonetilmesi acisindan biiyilk onem tasimaktadir. Giineydogu Anadolu Bolgesi
icerisinde yer alan Dicle Havzasi hem su potansiyeli hem de sinir asan su 6zelligi nedeniyle
stratejik bir konuma sahiptir.

Bu c¢alismanin amaci Dicle Havzasinda yer alan yeriisti ve yeralti su kaynaklarinin
hidrojeolojik 0Ozelliklerini inceleyerek boélgenin su potansiyelini ortaya koymak ve bu
kaynaklarin enerji liretimi, tarimsal sulama ve igme suyu temini agisindan siirdiiriilebilir
kullanimin1 degerlendirmektir. Bu dogrultuda ¢alismada nitel ve nicel veri analizine dayali
derleme yontemi benimsenmistir. Arastirma kapsaminda akademik literatiir, Devlet Su Isleri
Genel Midiirliigii verileri ve ilgili kurumsal raporlar sistematik bi¢imde analiz edilmistir.
Bunun yaninda bolgedeki jeolojik birimler litolojik 6zellikleri ve akifer olusturma kapasiteleri
acisindan incelenmis, Dicle Nehri ve yan kollarinin hidrografik 6zellikleri ile havza tizerindeki
barajlarin su tutma kapasiteleri degerlendirilmistir.

Arastirmanin saha g¢alismasi kapsaminda Diyarbakir ili Carikli jeotermal sahasi 6rnek alan

olarak ele alinmistir. Bu sahadan elde edilen sicaklik ve debi verileri kullanilarak bdlgenin
jeotermal enerji potansiyeli analiz edilmistir. Elde edilen veriler havzanin yalnizca su
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kaynaklar1 agisindan degil ayn1 zamanda yenilenebilir enerji potansiyeli bakimindan da énemli
bir kapasiteye sahip oldugunu gostermektedir.

Calisma bulgular1 Dicle Havzasinin hem yeriistii hem de yeralt1 su kaynaklar1 agisindan zengin
bir potansiyele sahip oldugunu ortaya koymaktadir. Havza igerisinde yer alan Kralkizi, Dicle,
Ilisu ve Cizre barajlar1 hidroelektrik enerji iiretimi ve tarimsal sulama faaliyetleri agisindan
bolgesel kalkinmada dnemli rol oynamaktadir. Ozellikle Dicle Baraji Diyarbakir kentinin igme
suyu ihtiyacinin karsilanmasinda kritik bir 6neme sahiptir. Bu baraj sistemleri ayn1 zamanda
suyun diizenlenmesi ve tagkin kontrolii acisindan da 6nemli islevler listlenmektedir.

Yeralt1 suyu sistemleri incelendiginde bolgede yaygin olarak bulunan karstik bosluklar ve
magara sistemlerinin yeraltti suyu depolama ve iletiminde belirleyici rol oynadigi
goriilmektedir. Birkleyn Magaralar1 sistemi Dicle Nehrinin 6nemli beslenme kaynaklarindan
biri olarak degerlendirilmektedir. Ayrica Karacadag volkanizmasi sonucu olusan bazalt
akiferler yuksek gecirgenlik oOzellikleri sayesinde Onemli yeralti suyu rezervuarlari
olusturmaktadir. Bu akifer sistemleri igerisinde yer alan Hamravat Suyu tarihsel siire¢ boyunca
bolge icin 6nemli bir igme suyu kaynagi olmustur.

Jeotermal veriler incelendiginde Carikli sahasinin konut 1sitmasi, sera 1sitmasi ve termal turizm
gibi alanlarda kullanilabilecek 6nemli bir potansiyele sahip oldugu anlagilmaktadir. Bu durum
bolgesel enerji maliyetlerinin diisiiriilmesi ve siirdiiriilebilir enerji kaynaklarinin kullaniminin
artirtlmasi agisindan 6nemli firsatlar sunmaktadir.

Tiim bulgular birlikte degerlendirildiginde Dicle Boliimiiniin hidrolojik ve hidrojeolojik agidan
Tiirkiye icin stratejik oneme sahip oldugu goriilmektedir. Ancak artan niifus, iklim degisikligi
ve insan faaliyetlerinden kaynaklanan baskilar su kaynaklarinin stirdiiriilebilir yonetimini
zorunlu kilmaktadir. Bu nedenle havza Ol¢eginde biitlinciil su yonetimi politikalarinin
gelistirilmesi ve yeralti suyu sistemlerinin ileri modelleme teknikleri ile analiz edilmesi ve
karstik akiferlerin korunmasina yonelik bilimsel temelli denetim mekanizmalarinin
olusturulmas1 gerekmektedir. Disiplinler arasi caligmalarin artirilmasi ve bilimsel verilerin
karar alma siireglerine entegre edilmesi su kaynaklarinin etkin ve siirdiiriilebilir kullanimina
onemli katkilar saglayacaktir.

Anahtar Kelimeler : Dicle havzasi, Yeralti sulari, Hidrojeoloji, Karstik sistemler, Jeotermal
enerji

ABSTRACT

Water resources are essential for the sustainability of natural ecosystems and human societies.
Although nearly seventy one percent of the Earth's surface is covered by water, most of it
consists of saline water in oceans and seas. Freshwater resources account for only about two
point five percent of total water reserves, and a significant portion of this amount is stored in
glaciers and groundwater systems, limiting its direct usability. Increasing population growth,
industrialization, urbanization, and climate change place growing pressure on these limited
resources, making sustainable water management a global necessity.
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Turkey, characterized by semi arid climatic conditions and high vulnerability to climate change,
is considered among water stressed countries. In this context, scientific assessment of
hydrological and hydrogeological characteristics of river basins is essential for sustainable
resource management. The Tigris Basin, located in the Southeastern Anatolia Region, is one of
the most important hydrological systems in Turkey and has strategic importance due to its
transboundary nature. Dams in the Tigris Section are Mesopotamia’s lifeblood. Ilisu, Kralkizi,
Batman, Dicle, and Devegecidi provide energy and irrigation, boosting the regional economy
while bringing vital water to fertile lands through modern engineering and management.

This study aims to evaluate the hydrogeological characteristics of surface and groundwater
resources in the Tigris Basin and to assess their sustainable use for hydroelectric energy
production, agricultural irrigation, and drinking water supply. A review based methodology
supported by qualitative and quantitative analyses was employed. Academic literature,
hydrological data from the General Directorate of State Hydraulic Works, and institutional
reports were systematically analyzed. Geological formations were evaluated in terms of
lithological characteristics and aquifer potential, and hydrographic features of the Tigris River
and its tributaries were examined. The Diyarbakir Carikli geothermal field was also analyzed
as a case study.

Findings indicate that the basin possesses significant surface and groundwater potential. Major
dams including Kralkizi, Dicle, Ilisu, and Cizre contribute to regional development through
energy production and irrigation. Karstic systems and basaltic aquifers enhance groundwater
storage and flow. Additionally geothermal data show that the Carikli field has considerable
potential for residential heating, greenhouse applications, and thermal tourism.

However increasing anthropogenic pressures and climate change pose serious risks. Therefore
integrated basin scale water management strategies advanced hydrogeological modeling and
protection of sensitive aquifer systems are essential for sustainable use.

Keywords: Tigris Basin, hydrogeology, groundwater, surface water, sustainable water
management, geothermal energy, Southeastern Anatolia
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ABSTRACT

Introduction: Waterlogging in lentils affects yield at any stage of growth during the growing
season and causes the most damage if it occurs in low-lying areas with poor drainage.
Waterlogging during germination can lead to failed germination, delayed emergence, and
suppression of root growth. Selecting lentils resistant to waterlogging, especially during
germination, plays an important role in flood-prone areas. Waterlogging affects seed yield in
grain legumes such as chickpeas through reduced shoot growth and development and decreased
above-ground dry matter accumulation. The effects of waterlogging on above-ground dry
matter are secondary because they mainly result from damage to the root system.

Material and methods: The research was conducted at Dicle University. The study was
conducted as a pot experiment in semi-controlled greenhouse conditions at the Faculty of
Agriculture in 2025 and 2026. In this study, large-seeded Ankara Yesili and Small-seeded
winter red lentil Ilke varieties, and large-seeded Gokge and fine-seeded Desi chickpea varieties
were used. The germination experiment was designed in a factorial block design with three
replications, with two waterlogging periods (0, 3, and 5 days) in the main plots and four
genotypes in the subplots. In the germination experiment, 2 seeds per tray were placed on the
soil, and the trays were placed in a tub filled with water without being covered with soil. After
sowing, the number of germinating seeds was determined after waterlogging for 0, 3, and 5
days. For the seedling stage experiment, the study was designed in a factorial block design with
six replications, with two waterlogging periods (0, 7, and 14 days) in the main plots and four
genotypes in the subplots. Ten seeds of each variety were sown in each pot (2 liters), and after
all seeds emerged, thinning was done to leave 4 plants per pot. The pots were watered at 80%
field capacity until the plants reached a height of 20-25 cm. After this, 7 and 14-day
waterlogging treatments were initiated. Plants were harvested from pots that had completed the
waterlogging treatment days, and measurements were taken of plant height, root length, stem,
root and leaf fresh and dry weight.

Results: Different waterlogging days had a significant effect on the germination percentage of
lentil and chickpea varieties. Germination days ranged from 46.09 days to 85.68 days. 5 days
of waterlogging resulted in the lowest germination percentage. Different waterlogging days also
had a significant effect on stem, root and leaf fresh and dry weight, plant height, and root length
of lentil and chickpea varieties.
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The effects of different numbers of waterlogging days on stem, root, and leaf fresh and dry
weight, plant height, and root length of lentil and chickpea varieties were found to be
significant.

Stem fresh weight ranged from 0.95 g to 1.84 g. The control group yielded the highest values
at 7 and 14 days of field capacity, while the 14-day waterlogging application yielded the lowest
stem fresh weight. Among the genotypes, the large-seeded Gokce chickpea variety yielded the
highest value at 2.89 g, while the small-seeded ilke lentil variety yielded the lowest value at
0.49 g. Stem dry weight ranged from 0.193 g to 0.258 g. The control group and the 7-day
waterlogging group Yyielded the highest values at 14 days of field capacity, while the lowest
values were obtained at 7 days of field capacity with the 14-day waterlogging application.
Among the genotypes, the large-seeded Gokge chickpea variety yielded high values, while the
small and large-seeded lentil varieties yielded low values.

Root fresh weight ranged from 0.47 g to 2.67 g. The control group yielded the highest value at
7 days of field capacity, while the 14-day waterlogging treatment yielded the lowest value.
Among genotypes, the large-seeded Gokge chickpea variety showed the highest value at 3.38
g, while the small-seeded ilke lentil variety showed the lowest value at 0.46 g.

Root dry weight ranged from 0.072 g to 0.211 g. The highest values were obtained at 7 days
and 14 days of field capacity, and with 7 days of waterlogging, while the lowest values were
obtained with 14 days of waterlogging. Among genotypes, the large-seeded chickpea variety
showed high values, while the small and large-seeded lentil varieties showed low values.

Plant height ranged from 26.71 cm to 9.23 cm. The control group yielded the highest value at
7 days of field capacity, while the 14-day waterlogging treatment yielded the lowest value.
Among the genotypes, the large-seeded Gokge chickpea variety yielded the highest values at
22.72 cm, and the small-seeded ICC 12004 chickpea variety yielded the highest values at 21.71
cm. The small-seeded Ilke lentil variety yielded the lowest value at 14.79 ¢cm, and the large-
seeded Ankara yesili variety yielded the lowest value at 15.80 cm.

Root length values ranged from 29.03 cm to 14.76 cm. The highest value was obtained at 14
days of field capacity, while the lowest value was obtained with 7 days of waterlogging. Among
the genotypes, the small-seeded ICC 12004 chickpea variety yielded the highest value at 24.43
cm. The small-seeded Ilke lentil variety yielded the lowest value at 17.17 ¢cm, and the large-
seeded Ankara Yesili lentil variety yielded the lowest value at 18.62 cm.

Leaf fresh weight ranged from 0.297 g to 0.997 g. The control group yielded the highest values
at both 7 and 14 days of field capacity, while the lowest values were obtained with 7 and 14
days of waterlogging. Among the genotypes, the large-seeded Gokge variety yielded the highest
value at 1.22 g. The small-seeded Ilke lentil variety yielded the lowest value at 0.325 g.

Among the genotypes, the large-seeded Gokge chickpea variety achieved the highest values in
most characteristics, while the small-seeded Ilke lentil variety generally yielded the lowest
values. In conclusion, as the waterlogging duration increased, plant development was
negatively affected, and it was determined that chickpea varieties were more tolerant than
lentils.

Keywords: lentil, chickpea, waterlogging, germination
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Tiirkiye, sahip oldugu genis cografi yap1 ve farkli iklim kosullar1 sayesinde tibbi ve aromatik
bitkiler bakimindan zengin bir potansiyele sahip olup, bu alanda 6nde gelen tilkelerden biridir.
Tiirkiye florasinda 167 familyaya ait 11.707 bitki taksonu bulunmakta ve bunlarin 3649’u
endemik oOzellik gostermektedir. Diinyada tarimin ilk yapildigr bolgelerden biri olan
Giineydogu Anadolu Bolgesi, sahip oldugu etnobotanik zenginlik acisindan dikkat ¢ekmekte
ve bu yOniiyle ayrintili arastirmalara ihtiya¢ duyulan 6nemli bolgeler arasinda yer almaktadir.
Bolgede kirsal kesimde yasayan niifusun toplam niifus i¢indeki payr yaklasik %35 olup,
geleneksel yasam aligkanliklarinin devam etmesi ve kirsal-kentsel etkilesimin siirmesi
nedeniyle halkin biiyiik bir boliimii dogal olarak yetisen bitkilerle yakin iliski i¢erisindedir.

Insanoglu tarih boyunca bitkilerden besin olarak yararlanirken, ayn1 zamanda bu bitkilerin
tedavi edici etkilerini de kesfetmis ve cesitli hastaliklarin tedavisinde yaprak, ¢icek, kok, sogan,
yumru, kabuk, tohum ve meyve gibi organlarindan birinde veya birkagindan yararlanilmistir.
Tibbi bitkilerin bu iyilestirici etkileri, biiyiik 6l¢lide icerdikleri sekonder metabolitlerden
kaynaklanmaktadir. Ugucu yaglar, alkaloitler ve fenolik bilesikler basta olmak iizere bu
bilesenler, bircok farmakolojik etkiye sahiptir.

Tibbi bitkilerin kullaniminda; antioksidan ve antimikrobiyal aktiviteleri, ugucu yag oranlari,
makro ve mikro element icerikleri ile agir metal diizeyleri gibi kalite parametreleri, bu bitkilerin
biyolojik aktivitelerinin belirlenmesi agisindan biiylik 6nem tasimaktadir. Antimikrobiyal
aktiviteye sahip bitkiler; gidalarda dogal koruyucu olarak, tibbi amaglarla, antihelmintik ve
antifungal ajan olarak ve ayrica bitki zararlilari ile yabanci otlarla miicadelede kullanilmaktadir.
Antioksidanlar ise serbest radikallerin zararli etkilerini ortadan kaldiran bilesiklerdir. Bu
baglamda fenolik maddeler, dogal antioksidanlar arasinda en Onemli gruplardan birini
olusturmakta olup, bitkilerin hemen tiim kisimlarinda bulunan polifenolik bilesenlerdir. Baharat
ve aromatik bitkiler, uzun yillardir besinlerin tat ve koku ozelliklerini artirmak amaciyla
kullanilmakta olup, igeriklerindeki bu biyoaktif bilesikler nedeniyle gliniimiizde daha da fazla
Onem kazanmustir.
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Tibbi ve aromatik bitkiler, insanlik tarihinin baslangicindan giliniimiize kadar gida sanayi, ilag,
kozmetik, tekstil ve baharat gibi pek ¢ok sanayi alaninda kullanilan 6nemli bitki grubunu
olusturmaktadir. Son yillarda dogal antioksidan kaynaklarina olan ilginin artmasiyla birlikte,
bu bitkiler lizerine yapilan bilimsel ¢aligmalarin sayisinda belirgin bir artis gozlenmektedir. Bu
baglamda; Herbal ¢ay ve baharat olarak yaygin sekilde tiiketilen feslegen (Ocimum basilicum),
adagay1 (Salvia triloba), limon otu (Lippia citriodora), limon kekik (Thymus citriodorus) ve
dag kekigi (Satureja montana) turlerinin, antioksidan ve antimikrobiyal aktivite potansiyelleri
degerlendirilmistir.

Bu amagla arastirmada materyal olarak kullanilan bitkiler, Dicle Universitesi Ziraat Fakiiltesi
Tarla Bitkileri Boliimiine ait Tibbi ve Aromatik Bitkiler Tohumluk Koleksiyonundan temin
edilmistir. Ocimum basilicum; Asya, Afrika ve Akdeniz’de yetisen aromatik bitkidir; ugucu
yaginda linalool ve eugenol bulunur. Thymus % citriodorus; Akdeniz kokenli, limon kokulu
aromatik bitkidir, ug¢ucu yaginda limonen ve sitral igerir. Lippia citriodora; Gliney Amerika
kokenli, limon aromali ¢ay bitkisidir, ugucu yaginda geranial ve limonen igerir. Satureja
montana: Akdeniz kokenli tibbi bitkidir. Ugucu yaginda karvakrol ve timol igerir. Salvia
triloba; aromatik ¢ok yillik bitki olup ugucu yaginda 1,8-sineol ve kafur igerir. Thymbra
spicata: Giineydogu Anadolu’da yetisen aromatik bitkidir. Ugucu yaginin baslica bilesenleri
timol ve karvakrol igerir.

Aragstirilan herba 6rnekleri, ¢igeklenme baslangicinda hasat edilip, ortalama 35°C’de golgede
kurutulmugtur. Kurutulan bitki 6rnekleri ugucu yaglar1 Clevenger cihazi ile hidrodistilasyona
tabi tutularak bitkilere ait tohum ve herba 6rnekleri 30 g 6giitiilmiis 3 saat stre ile ekstraksiyona
tabi tutulmustur. Elde edilen ucgucu yaglar, analizler gerceklestirilene kadar stabilitelerini
korumak igin +4°C’de muhafaza edilmistir ve Antioksidan ile Antimikrobiyal Ozellikleri
Degerlendirilmistir.

Antioksidan aktivite analizleri, ABTS radikal siipiirme yontemi ile literatiire uygun sekilde
gerceklestirilmistir. ABTS (7 mM) c¢ozeltisi K2S20s ile oksitlenerek ABTSe+ radikali
olusturulmus ve karanlikta 12—16 saat inkiibe edilmistir. Cozelti 734 nm’de 0,70 absorbansa
seyreltilmis, BHA ve BHT pozitif kontrol olarak kullanilmigtir. 10-100 pg/mL
konsantrasyonlardaki 6rnekler ABTS c¢ozeltisi ile karistirilarak 30 dakika inkiibe edilmis ve
absorbans 734 nm’de Olglilmiistiir. Antioksidan aktivite yilizde inhibisyon formiili ile
hesaplanmustir.

Bitki ekstraktlarinin antioksidan aktiviteleri degerlendirildiginde, antioksidan aktivite,
konsantrasyon arttikca yiikselmis ve etkinin doza bagl oldugu belirlenmistir. Lippia citriodora
en yiiksek aktiviteyi gosterirken, Satureja montana ve Thymus X citriodorus yuksek
antioksidan etki sergilemistir. Tiim Ornekler farkli diizeylerde anlamli antioksidan aktivite
gostermistir.

Antimikrobiyal aktivite disk diflizyon yontemi ile belirlenmistir. Ekstraktlar 200, 300 ve 400
ng/mL konsantrasyonlarda hazirlanarak S. aureus, S. pyogenes, E. coli, P. aeruginosa ve C.
albicans iizerine uygulanmistir. 0,5 McFarland standardina ayarlanan mikroorganizmalar
Mueller-Hinton agar iizerine ekilmis, diskler 15 pL 6rnek ile yiiklenmistir. Inkiibasyon 37°C’de
24 saat, C. albicans i¢in 30°C’de 48 saat yapilmis ve inhibisyon zonlar1 6l¢iilmiistiir. Linezolid
ve imipenem pozitif kontrol olarak kullanilmistir.
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Incelenen tibbi ve aromatik bitkilerin antioksidan ve antimikrobiyal aktivitelerinin tiir ve doza
baglh olarak degistigi belirlenmistir. Satureja montana ve Salvia triloba glclu antibakteriyel
etki gosterirken, Lippia citriodora en yiiksek antioksidan aktiviteyi sergilemistir. Diigiik
dozlarda baz tiirlerin 6zellikle E. coli tizerine etkisinin sinirli oldugu gézlenmistir. Bulgular,
bu bitkilerin dogal antioksidan ve antimikrobiyal kaynaklar olarak degerlendirilebilecegini
gOstermektedir.

Anahtar Kelimeler: T:bbi ve aromatik bitki, antioksidan, antimikrobiyal

ABSTRACT

Tiirkiye is one of the world’s important countries in terms of medicinal and aromatic plants due
to its rich flora, diverse climatic characteristics, and wide geographical structure. In particular,
the Southeastern Anatolia Region attracts attention with its ethnobotanical richness and
traditional plant usage culture. The continuation of rural life in the region and the close
interaction of local people with naturally growing plants have enabled the use of medicinal
plants to persist until today.

The therapeutic effects of medicinal plants largely result from the secondary metabolites they
contain. Bioactive compounds such as essential oils, phenolic compounds, and alkaloids exhibit
antioxidant, antimicrobial, and various pharmacological properties. Plants with antimicrobial
properties can be used as natural food preservatives, antifungal and antihelminthic agents, are
also utilized in the control of plant pests. Antioxidant compounds reduce the harmful effects of
free radicals and provide protective effects on human health. In particular, phenolic substances
are considered one of the most important groups of natural antioxidants. Spices and aromatic
plants have long been used to improve the taste and aroma of foods. However, today these
plants have gained greater importance due to the bioactive compounds they contain and their
health-related benefits. With the increasing interest in natural products and plant-based
antioxidant sources, scientific studies on medicinal and aromatic plants have accelerated.

Within the scope of In this study, we examined basil (Ocimum basilicum), sage (Salvia triloba),
lemon verbena (Lippia citriodora), lemon thyme (Thymus citriodorus), winter savory (Satureja
montana), which are widely consumed in our region as herbal teas and spices, were evaluated
for their antioxidant and antimicrobial activity potential. The antioxidant and antimicrobial
capacities of plants were determined using ABTS and disk diffusion methods. It was determined
that the antioxidant and antimicrobial activities of the examined medicinal and aromatic plants
varied depending on the species and dose. Satureja montana and Salvia triloba showed strong
antibacterial effects, while Lippia citriodora exhibited the highest antioxidant activity. At low
doses, the effect of some species, particularly on E. coli, was observed to be limited. The
findings suggest that these plants can be considered as natural antioxidant and antimicrobial
resources.

Keywords: Medicinal and aromatic plant, antioxidant, antimicrobial
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Salvia multicaulis Ekstrelerinin Insan Dermal
Fibroblast Hiicre Hatt1 Uzerindeki Toksik

Etkilerinin Incelenmesi

Investigation of the Toxic Effects of Salvia multicaulis Extracts on
Human Dermal Fibroblast Cell Line
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Salvia multicaulis, Lamiaceae familyasina ait tibbi ve aromatik 6zellikleriyle bilinen bir tiirdiir.
Geleneksel kullanimlarda antioksidan, antimikrobiyal ve antiinflamatuvar etkileriyle 6ne ¢ikan
bu bitki, son yillarda biyomedikal arastirmalarda da dikkat ¢ekmektedir. Ozellikle farkl1 ekstre
ve fraksiyonlarinin hiicreler iizerindeki biyolojik aktivitelerinin incelenmesi, yeni tedavi
yaklasimlarina 151k tutabilecek potansiyele sahiptir. Bu ¢alisma kapsaminda, S. multicaulis
tiiriinden elde edilen bitki ekstreleri ve bunlarin farkli fraksiyonlarinin insan dermal fibroblast
(HDF) hiicre hatt1 iizerindeki toksik etkileri MTT assay yontemi kullamilarak
degerlendirilmistir. MTT assay, hiicrelerin metabolik aktivitesine dayali olarak canlilik
oranlarini Slgen giivenilir bir yontemdir ve biyolojik arastirmalarda toksisite analizlerinde
yaygin olarak kullanilmaktadir. Calismada SM-2, SM-4, SM-6, SM-8 ve SM-10 numarali
ekstraktlar incelenmis, hiicre canlilig1 kontrol grubuna goére yilizde (%) olarak hesaplanmis ve
sonuclar ortalama + standart sapma (SD) (n = 3) seklinde sunulmustur. Istatistiksel analizler
bagimsiz drneklem t-testi (unpaired Student’s t-test) ile gerceklestirilmis, anlamlilik diizeyi p <
0.05 olarak kabul edilmistir. Elde edilen bulgular, incelenen ekstraktlarin hiicre canlilig
tizerinde farkli biyolojik etkiler ortaya koydugunu gostermektedir. SM-2 numarali ekstrakt, orta
diizeyde toksisite sergilemistir. 10 ppm konsantrasyonda hiicre canlilig1 % 72.57 + 2.24 olarak
belirlenirken, 100 ppm’de %74.98 + 3.85 diizeyinde saptanmistir. Bu veriler, ekstraktin belirgin
bir doz-bagimli etki gostermedigini ortaya koymaktadir. Dolayistyla SM- 2 numarali ekstraktin
toksisite profili smirli olup, biyomedikal uygulamalarda diisiik riskli bir bilesen olarak
degerlendirilebilir. SM-4 numarali ekstrakt toksik etki gdstermemis, aksine hiicre canliligini
artiric1 bir 6zellik sergilemistir. 10 ppm konsantrasyonda hiicre canliligr % 105.20 + 5.43, 100
ppm’de ise %101.15 + 3.50 olarak belirlenmistir. Bu bulgular, ekstraktin hiicre
proliferasyonunu veya metabolik aktiviteyi destekleyici bir etkiye sahip olabilecegini
diistindiirmektedir. Yapilan istatistiksel analizler, gézlenen artisin anlamli oldugunu ortaya
koymustur (p < 0.05). Dolayisiyla SM-4 numarali ekstrakt, rejeneratif tip, yara iyilesmesi ve
hicre yenilenmesini destekleyici biyomedikal uygulamalar agisindan dikkat ¢ekici bir aday
olarak one ¢ikmaktadir. SM-6 numarali ekstrakt belirgin doz-bagimli toksisite gostermistir. 10
ppm konsantrasyonda hiicre canlilig1 % 88.93 + 2.92 olarak saptanirken, 100 ppm’de bu deger
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%13.72 + 0.41°¢ kadar diigsmiistiir. Bu keskin azalma, ekstraktin yiiksek konsantrasyonda giiclii
toksik etki sergiledigini ortaya koymaktadir. Benzer sekilde, SM-8 numarali ekstrakt da yiiksek
konsantrasyonda belirgin toksisite gostermistir. Hiicre canliligi 10 ppm’de %81.04 £ 5.36 iken,
100 ppm’de % 12.66 £+ 0.25’e gerilemistir. Yapilan istatistiksel analizler, her iki ekstraktin da
100 ppm konsantrasyonda kontrol grubuna kiyasla hiicre canliligin1 anlamli diizeyde azalttigini
dogrulamistir (p < 0.05). Elde edilen bulgulara gore, 6 ve 8 numarali ekstraktlar 6zellikle 100
ppm konsantrasyonda giiclii toksik etki gostermis ve hiicre canliligimi %15’in altina
diistirmustiir. SM-10 numarali ekstrakt ise diisiik diizeyde toksisite sergilemistir. 10 ppm
konsantrasyonda hiicre canliligt % 89.48 + 1.04 olarak belirlenirken, 100 ppm’de bu deger %
80.17 = 1.91 diizeyinde saptanmistir. Bu sonuglar, ekstraktin diisiik toksisite profiline sahip
oldugunu ve biyouyumluluk agisindan degerlendirilebilecegini gostermektedir. Dolayisiyla
SM-10 numarali ekstrakt, biyomedikal uygulamalarda giivenli bir bilesen olarak kullanilma
potansiyeline sahiptir. Genel olarak degerlendirildiginde, S. multicaulis tlrinden elde edilen
ekstraktlarin HDF hiicre hatt1 tizerinde farkli biyolojik etkiler sergiledigi goriilmektedir. SM-6
ve SM-8 numarali ekstraktlar yiiksek toksik aktiviteleriyle one ¢ikarken, SM-4 numarali
ekstrakt hiicre proliferasyonunu artirici etkisiyle dikkat cekmektedir. Buna karsilik, SM-2 ve
SM-10 numaral1 ekstraktlar diigiik veya orta diizeyde toksisite gostermistir. Bu ¢esitlilik, bitki
ekstraktlarinin biyolojik etkilerinin yalnizca tiirler arasinda degil, ayn1 tiiriin farkli fraksiyonlari
arasinda da degiskenlik gdsterebilecegini ortaya koymaktadir. Caligmanin bulgulari, S.
multicaulis tiirliniin biyomedikal arastirmalar agisindan énemli bir potansiyele sahip oldugunu
gostermektedir. Yiuksek toksik etki sergileyen ekstraktlar (SM-6 ve SM-8) yara iyilestirme
calismalarinda bu toksik dozlar1 gbéz oOnilinde bulundurularak calismasi gerektigi sonucuna
vartlmistir. Ayrica proliferatif etki gosteren ekstrakt (SM-4) rejeneratif tip ve hiicre
yenilenmesini destekleyici uygulamalarda kullanilabilir sonucuna varilmistir. Diisiik toksisite
profiline sahip ekstraktlar (SM-10) ise biyouyumlu materyallerin gelistirilmesinde rol
oynayabilecek niteliktedir. Sonug olarak, bu ¢alisma S. multicaulis tirtnin ekstrelerinin HDF
hiicre hatt1 iizerinde farkli biyolojik etkiler sergiledigini ortaya koymus; yiiksek toksik ve
proliferatif etkilerin istatistiksel olarak anlamli oldugunu géstermistir. Elde edilen veriler, bu
ekstraktlarin biyomedikal uygulamalar agisindan dikkate deger bir potansiyel tasidigini ve ileri
aragtirmalarda degerlendirilmesi gerektigini ortaya koymaktadir. Caligmanin ileri agamalarinda
etken madde orani ve toksik konsantrasyonlar goz Oniinde bulundurularak yara iyilestirme
etkileri PCR ve Westrn-Blot teknikleri ile belirlenecektir.

Anahtar Kelimeler: Salvia multicaulis; toksisite; MTT assay; Insan dermal fibroblast;
Biyomedikal uygulamalar

ABSTRACT

Salvia multicaulis is a plant species belonging to the Lamiaceae family, known for its prominent
medicinal and aromatic properties. Traditionally recognized for its antioxidant, antimicrobial,
and anti-inflammatory effects, this species has recently attracted attention in biomedical
research. In this study, the toxic effects of different extracts and fractions obtained from S.
multicaulis on the human dermal fibroblast (HDF) cell line were evaluated using the MTT assay
method. Cell viability was calculated as a percentage relative to the control group, data were
presented as mean + standard deviation, and statistical analyses were performed using the
unpaired Student’s t-test (p < 0.05). The findings indicated that the extracts exhibited different
biological effects on cell viability. The SM-2 extract showed moderate toxicity but did not
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demonstrate a clear dose-dependent effect. In contrast, the SM-4 extract exhibited no toxic
effect; instead, it increased cell viability and showed a proliferative effect. This suggests that
the extract has potential for applications in regenerative medicine and wound healing. On the
other hand, SM-6 and SM-8 extracts showed pronounced dose-dependent toxicity, particularly
at high concentrations, significantly reducing cell viability. These results indicate that these
extracts exhibit strong cytotoxic effects at higher doses. The SM-10 extract demonstrated low-
level toxicity and presented a profile that can be considered biocompatible. Overall, it was
determined that S. multicaulis extracts can exhibit different biological effects even within the
same species. These findings highlight the potential of plant-derived compounds in biomedical
applications, while emphasizing the importance of considering dose and fraction differences.
In conclusion, the data suggest that S. multicaulis extracts may serve as promising sources for
both therapeutic applications and the development of biocompatible materials. Furthermore,
future studies are recommended to elucidate the underlying mechanisms of these effects
through molecular-level analyses.

Keywords: Salvia multicaulis; toxicity; MTT assay; Human dermal fibroblast; Biomedical
applications
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Madencilik sektori, yiiksek sermaye gereksinimi ve iiretim siire¢lerinde ithal girdilere bagimli
olmasi nedeniyle ekonomik dalgalanmalardan dogrudan etkilenen bir sektordir. Bu sektdrde
tretim siireglerinin temel asamalarindan biri olan delme—patlatma faaliyetleri, Uretim
verimliligi ve maliyet yonetimi agisindan kritik bir rol oynamaktadir. Bu kapsamda tiretim
verimliligi; birim patlatma maliyetlerinin diisiiriilmesi, istenilen boyut dagilimina uygun
parcalanmanin saglanmasi, yiikleme ve nakliye siireglerinin kolaylastirilmasi, ikincil kirma
thtiyacinin minimize edilmesi ile zaman ve is giicii tasarrufu gibi bir¢ok teknik ve ekonomik
bileseni icermektedir. Bu yoniiyle delme—patlatma uygulamalar1 yalnizca teknik bir kazi
yontemi degil, aynt zamanda isletmelerin maliyet kontrolii ve kaynak kullanim etkinligi
acisindan belirleyici bir iiretim stireci olarak degerlendirilmektedir.

Ozellikle déviz kurlarindaki degisimler, iiretim siireglerinde kullanilan patlayici maddeler,
delici ekipmanlar, yedek parcalar ve kimyasal malzemelerin temin maliyetlerini 6nemli dlctde
etkilemektedir. Bu durum, uretim maliyetleri igerisinde dnemli bir paya sahip olan delme-
patlatma islemlerinin ekonomik ac¢idan daha hassas bir yapiya biirlinmesine neden olmaktadir.
Patlatma islemleri, maden ocaklarinda kazi1 verimliligini dogrudan etkileyen temel iiretim
asamalarindan biridir. Bu dogrultuda patlatma maliyetlerinde meydana gelen degisimler,
isletmenin toplam maliyet yapisint ve finansal siirdiiriilebilirligini  6nemli Olciide
etkilemektedir. Sonu¢ olarak, delme—patlatma uygulamalarinin basaris1 yalnizca kaya
parcalanmasi ile smirli olmayip, {liretim silireglerinin biitiinlinde maliyetlerin etkin bigimde
yonetilmesi ve kaynak Kullaniminin optimize edilmesi agisindan belirleyici bir rol
oynamaktadir.

Bu calismanin temel amaci, 2022-2024 yillar1 arasinda doviz kurlarinda meydana gelen
dalgalanmalarin maden ocaklarinda gergeklestirilen patlatma faaliyetlerinin maliyeti tizerindeki
etkilerini incelemektir. Madencilik sektor, iiretim siireclerinde yogun sekilde ithal girdilere
bagimli olmasi nedeniyle makroekonomik degiskenlere karsi oldukca hassas bir yapi
sergilemektedir. Ozellikle patlayici maddeler, delme ekipmanlari, kapsiiller ve cesitli sarf
malzemeleri gibi temel iiretim girdilerinin biiylik bir kism1 doviz kuruna bagl olarak temin
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edilmektedir. Bu durum, doviz fiyatlarindaki artiglarin dogrudan iiretim maliyetlerine
yansimasina neden olmakta ve isletmelerin maliyet yOonetimini zorlastirmaktadir. Doviz
kurlarindaki ani artislar, kisa vadede maliyet hesaplarinin giincelligini yitirmesine yol acarken,
uzun vadede ise yatirim planlariin yeniden gézden gegirilmesini gerekli kilabilmektedir.

Calisma kapsaminda, belirli bir maden isletmesine ait patlatma verileri incelenmis ve bu veriler
doviz kuru degisimleri ile karsilastirmali olarak analiz edilmistir. Analiz siirecinde, patlayici
tiikketim miktarlari, birim fiyatlar, is¢ilik giderleri, delme ve patlatma giderleri ile birlikte toplam
patlatma maliyeti ele alinmistir. Oncelikle patlatma maliyetini olusturan bilesenler detayli
sekilde smiflandirilmistir. Bu bilesenler; patlayict madde maliyetleri, delme maliyetleri, is¢ilik
giderleri ve genel iiretim giderleri olmak tizere dort ana basghik altinda ele alinmistir. Bu
siiflandirma sayesinde maliyet yapisini olusturan unsurlar sistematik bir cer¢evede incelenmis
ve her bir kalemin toplam maliyet icerisindeki etkisi daha net bir sekilde ortaya konulmustur.
Ayni donemlere ait doviz kuru verileri ile maliyet kalemleri arasindaki iligki, istatiksel ve
grafiksel yontemlerle yillara gore degisimi analiz edilip degerlendirilmistir. Elde edilen
bulgular, doviz kurundaki artislarin 6zellikle patlayicti madde maliyetlerinde belirgin bir
yiikselise neden oldugunu gostermektedir.

Ozellikle agik ocak isletmelerinde iiretimin siirekliliginin saglanabilmesi icin patlatma
faaliyetlerinin kesintisiz olarak devam etmesi gerekmektedir. Bu nedenle patlatma
maliyetlerinde meydana gelen artislar, isletme ekonomisi tizerinde dogrudan ve belirgin bir
baski olusturmaktadir. Artan maliyetler, isletmelerin {iretim planlamasinda degisiklik
yapmasina, maliyet diisiiriicli alternatifler aramasina ve bazi durumlarda iiretim stratejilerini
yeniden gozden gegirmesine neden olmaktadir. Bu siirecte, patlatma tasarim parametrelerinin
yeniden degerlendirilmesi, kullanilan patlayic tiirlerinin degistirilmesi veya daha ekonomik
¢ozlmlerin tercih edilmesi gibi uygulamalar gindeme gelebilmektedir.

Elde edilen bulgular, doviz kurundaki artislarin &zellikle patlayici madde maliyetlerinde
belirgin bir yiikselise neden oldugunu gostermektedir. Patlatma maliyetleri yalnizca patlayict
madde fiyatlarindan etkilenmemekte, aym1 zamanda delme islemlerinde kullanilan
ekipmanlarin bakim, yedek parca ve yakit giderleri gibi dolayli maliyet kalemleri de doviz
kuruna bagl olarak artis gostermektedir. Bu durum, toplam iiretim maliyetinin 6nemli bir
bileseni olan patlatma maliyetlerinin genel maliyet giderleri i¢erisindeki paymi arttirmaktadir.
Ozellikle agik ocak isletmelerinde iiretimin siirekliliginin saglanabilmesi icin patlatma
faaliyetlerinin devam etmesi gerektiginden, maliyet artiglarinin igletme ekonomisi tizerindeki
etkisi daha belirgin hale gelmektedir.

Caligma sonuglari, doviz kuru dalgalanmalarinin yalnizca maliyet artis ile sinirli kalmadiging,
ayni zamanda igletmelerin iiretim planlamasi ve stratejik karar alma siirecleri tizerinde de etkili
oldugunu ortaya koymaktadir. Artan maliyetlerin, isletmeleri daha diigsiik maliyetli alternatif
patlayict kullanimina yonlendirdigi veya patlatma tasarim parametrelerinde degisiklik
yapilmasini zorunlu kildig1 belirlenmistir. Bu durum, {iretim verimliligi ve nihai iiriin kalitesi
tizerinde dolayli etkiler yaratabilmektedir. Dolayisiyla doviz kuru degisimleri, yalnizca
ekonomik bir gosterge degil, ayn1 zamanda tiretim siireglerinin teknik performansini etkileyen
onemli bir faktdr olarak degerlendirilmektedir. Genel degerlendirme olarak, doviz kuru
dalgalanmalarinin madencilik sektoriinde oOzellikle delme—patlatma maliyetleri Uzerinde

27



Dicle Universitesi - 4. Uluslararasi Fen Bilimleri Lisansiistii Arastirmalar Sempozyumu,
12-14 Mayis 2026, Diyarbakir

belirleyici bir faktér oldugu ve bu etkinin isletme karlilig1 ile tiretim planlamasini dogrudan
etkiledigi sonucuna varilmistir.

Sonug olarak, doviz kuru dalgalanmalarinin madencilik sektoriinde patlatma maliyetleri
Uzerinde 6nemli ve ¢ok yonlii etkiler olusturdugu belirlenmistir. Bu baglamda, maden
isletmelerinin maliyet yonetimi siireglerinde doviz riskini dikkate alarak daha esnek ve
stirdiiriilebilir stratejiler gelistirilmesi gerekmektedir. Ayrica, yerli iiretim olanaklarinin
artirilmasi, alternatif tedarik zincirlerinin olusturulmasi ve ithal girdilere olan bagimliligin
azaltilmasi, uzun vadede maliyet kontrolii acisindan Onemli bir ¢6ziim olarak
degerlendirilmektedir.

Anahtar Kelimeler: Déviz Kuru; Patlatma Maliyeti; Madencilik; ANFO; Uretim Maliyetleri

ABSTRACT

The objective of this study is to examine the effects of exchange rate fluctuations between 2022
and 2024 on the costs of blasting operations carried out in mining sites. The mining sector
exhibits a highly sensitive structure to macroeconomic variables due to its heavy dependence
on imported inputs in production processes. In particular, a significant portion of essential
production inputs such as explosives, drilling equipment, detonators, and various consumables
are procured based on foreign exchange rates. This situation causes increases in exchange rates
to be directly reflected in production costs and makes cost management more challenging for
enterprises. Sudden increases in exchange rates may lead to the loss of validity of cost
calculations in the short term, while in the long term they may necessitate the reconsideration
of investment plans.

The findings indicate that increases in the foreign exchange rate lead to a significant rise in the
costs of explosives. Blasting costs are influenced not only by the prices of explosives but also
by indirect cost items—such as maintenance, spare parts, and fuel expenses for the equipment
used in drilling operations—which increase in response to fluctuations in the foreign exchange
rate. This situation elevates the share of blasting costs within overall production expenses, as
they constitute a significant component of total production costs. The impact of cost increases
on enterprises is more important in open-pit mining operations, where the continuity of
production depends on the uninterrupted execution of blasting activities.

The results of the study indicate that exchange rate fluctuations are not limited to causing cost
increases but they also significantly influence production planning and strategic decision-
making processes within enterprises. It has been observed that rising costs may prompt
companies to adopt lower-cost alternative explosives or necessitate modifications in blasting
design parameters. Such adjustments can have indirect effects on production efficiency and the
final product quality. Therefore, exchange rate changes are considered not merely as an
economic indicator but also as a critical factor affecting the technical performance of production
processes. Overall, it can be concluded that exchange rate fluctuations constitute a decisive
factor in the mining sector, particularly impacting drilling and blasting costs. Thus, they directly
influence operational profitability and production planning.

Keywords: Exchange Rate; Blasting Cost; Mining; ANFO; Production Costs
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Dogrusal olmayan dinamik sistemler, baslangic kosullarina asir1 duyarlilik gostermeleri ve
karmasik davraniglar sergilemeleri nedeniyle kontrol miihendisliginde 6nemli bir aragtirma
alan1 olusturmaktadir. Bu sistemlerin 6nemli bir sinifin1 kaotik sistemler olusturmaktadir. Son
yillarda klasik tam dereceli modellerin bazi fiziksel sistemleri aciklamada yetersiz kalmasi
nedeniyle kesir dereceli diferansiyel denklemler daha gergek¢i modelleme araglari olarak 6n
plana ¢ikmistir. Kesir dereceli sistemler, bellek etkisi ve gecmise bagimlilik gibi 6zellikleri
sayesinde karmasgik sistem dinamiklerini daha dogru bi¢gimde temsil edebilmektedir.

Bu ¢alismada kesir dereceli kaotik sistemlerin adaptif kontrol problemi ele alinmigtir. Calisma
kapsaminda Lorenz, Chua, Rossler ve Lii kaotik sistemlerinin kesir dereceli modelleri
incelenmis ve bu sistemler i¢cin Lyapunov tabanli adaptif kontrol yontemi gelistirilmistir.
Onerilen kontrol yontemi sayesinde sistem parametrelerindeki belirsizlikler ¢evrim ici olarak
tahmin edilmekte ve kaotik davranisin bastirilmasi saglanmaktadir. Dogrusal olmayan dinamik
sistemlerin analizi ve kontrolii, modern bilim ve miihendislik alanlarinda giderek artan bir
oneme sahiptir. Ozellikle karmasik davramis sergileyen sistemlerin modellenmesi ve kontrol
edilmesi, kontrol miihendisligi, fizik, biyoloji, ekonomi ve iletisim teknolojileri gibi bir¢ok
disiplin acisindan 6nemli arastirma konulari arasinda yer almaktadir. Bu sistemlerin 6nemli bir
kism1 dogrusal olmayan yapilar1 nedeniyle klasik lineer teorilerle tam olarak agiklanamamakta
ve karmasik dinamik davraniglar sergilemektedir. Bu tiir davramiglarin en dikkat cekici
orneklerinden biri kaotik sistemlerdir. Kaotik sistemler, deterministik olmalarma ragmen
baslangi¢c kosullarina asir1 duyarlilik gosteren ve uzun vadede Ongoriilemez davranislar
sergileyen dogrusal olmayan dinamik sistemlerdir. Bu sistemlerde baslangi¢c kosullarinda
meydana gelen cok kiiciik degisiklikler zamanla biiyiik farkliliklara yol agabilmektedir.
Literatiirde bu durum “kelebek etkisi” olarak adlandirilmakta ve kaos teorisinin temel
ozelliklerinden biri olarak kabul edilmektedir. Kaos kavraminin bilimsel temelleri, meteorolog
Edward Lorenz tarafindan 1963 yilinda atmosferik konveksiyon modelleri lizerinde yapilan
caligmalarla ortaya konulmustur. Lorenz tarafindan gelistirilen ii¢ boyutlu dogrusal olmayan
diferansiyel denklem sistemi, kaotik davranisin matematiksel olarak ifade edilmesini saglamis
ve kaos teorisinin gelismesinde onemli bir rol oynamistir. Lorenz sisteminin kesfinden sonra
kaos teorisi matematik, fizik ve miihendislik alanlarinda hizla gelismis ve bir¢ok yeni kaotik
sistem modeli ortaya konulmustur. Chen, Chua, Réssler ve Lii sistemleri bu modeller arasinda
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en yaygin incelenen kaotik sistemlerdir. Bu sistemler, dogrusal olmayan dinamik yapilar1 ve
karmasik faz uzayr davraniglari nedeniyle kaos teorisinin anlasilmasinda onemli bir rol
oynamaktadir. Kaotik sistemlerin analiz edilmesi yalnizca teorik acidan degil, ayn1 zamanda
bircok miihendislik uygulamasi agisindan da biiyiik onem tasimaktadir. Ozellikle giivenli
haberlesme sistemleri, biyomedikal sinyal isleme, finansal modelleme ve robotik sistemler gibi
alanlarda kaotik sistemlerin dinamik 6zelliklerinden yararlanilmaktadir. Kaotik sistemlerin bu
karmasik ve diizensiz davranislari, s6z konusu sistemlerin kontrol edilmesini 6nemli bir
arastirma problemi haline getirmistir. Kaos kontrolli, kaotik sistemlerin diizensiz
davraniglarinin bastirilmast veya sistemin istenilen bir kararli yoriingeye yonlendirilmesi
amaciyla gelistirilen kontrol yontemlerini ifade etmektedir. 1990 yilinda Ott, Grebogi ve Yorke
tarafindan Onerilen OGY yontemi, kaotik sistemlerin kiiciik kontrol sinyalleri yardimiyla
stabilize edilebilecegini gostermis ve kaos kontrolii alaninda 6nemli bir doniim noktasi
olusturmustur. Bu ¢alismanin ardindan dogrusal geri besleme kontrolii, zaman gecikmeli geri
besleme kontrolii, kayma kipli kontrol ve adaptif kontrol gibi bir¢ok farkli kontrol yéntemi
kaotik sistemlerin kontroliinde kullanilmaya baslanmistir. Son yillarda yapilan calismalar,
klasik tam dereceli diferansiyel denklemlerle ifade edilen modellerin baz1 fiziksel ve
miithendislik sistemlerini agiklamakta yetersiz kaldigin1 géstermistir. Gerg¢ek diinyadaki birgok
sistem yalnizca mevcut duruma bagh degildir; ayn1 zamanda ge¢mis davraniglardan da
etkilenmektedir. Bu tir sistemlerin modellenmesinde kesir dereceli diferansiyel denklemler
Oonemli bir alternatif sunmaktadir. Kesir dereceli analiz, tiirev ve integral kavramlarinin tam say1
olmayan dereceler i¢in genellestirilmesini igeren bir matematiksel yaklasim olup sistemlerin
bellek etkisini ve gegmise bagimli dinamiklerini dogal bir bi¢cimde ifade edebilmektedir.

Gelistirilen yontemin performanst MATLAB ortaminda gergeklestirilen sayisal benzetimler ile
degerlendirilmistir. Elde edilen sonuclar, dnerilen adaptif kontrol yaklasgiminin kesir dereceli
kaotik sistemleri bagartyla kararli hale getirdigini gostermektedir.

Anahtar Kelimeler: Kaos; Kaotik Sistemler; Adaptif Kontrol; Kesir Dereceli Kontrol

ABSTRACT

Nonlinear dynamic systems constitute an important research area in control engineering due to
their sensitivity to initial conditions and their complex behaviors. Chaotic systems represent a
significant class of such systems. In recent years, fractional-order differential equations have
emerged as more realistic modeling tools, as classical integer-order models are sometimes
insufficient to describe certain physical systems. Fractional-order systems can represent
complex system dynamics more accurately due to properties such as memory effect and
dependence on past states.

In this thesis, the adaptive control problem of fractional-order chaotic systems is addressed.
Within the scope of the study, fractional-order models of the Lorenz, Chua, Rossler, and Li
chaotic systems are investigated, and a Lyapunov-based adaptive control method is developed
for these systems. With the proposed control method, uncertainties in system parameters are
estimated online and chaotic behavior is suppressed.
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The performance of the developed method is evaluated through numerical simulations carried
out in the MATLAB environment. The obtained results demonstrate that the proposed adaptive
control approach successfully stabilizes fractional-order chaotic systems.

Keywords: Chaos; Chaotic Systems; Adaptive Control; Fractional-Order Control
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ABSTRACT

In modern wireless communication technologies, the use of metamaterial-based structures has
gained considerable attention for antenna miniaturization and performance enhancement. In
this study, a microstrip patch antenna incorporating Split Ring Resonator (SRR) structures and
operating at frequency of Wi-Fi applications is designed and analyzed. The antenna is
implemented on an RO4003C substrate (relative permittivity er = 3.55, thickness h = 1.524
mm), which provides low dielectric loss and high-frequency stability. The inclusion of SRR
elements aims to influence the electromagnetic behavior of the antenna and improve impedance
characteristics. According to CST Studio Suite simulation results, the proposed antenna exhibits
good impedance matching with a return loss (S11) of -35.22 dB at 5.472 GHz and the VSWR
value is close to 1. The radiation efficiency is calculated as 78.7% (-1.039 dB), and a moderate
gain of 4.65 dBi is achieved. These results indicate that the SRR-loaded design provides
improved impedance matching and stable radiation characteristics, making it a potential
candidate for wireless communication applications in Wi-Fi band. The front and rear views of
the designed antenna are shown in Figure. 1.
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Figure 1: Designed metamaterial-based antenna.
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Table 1. Design parameters of the proposed metamaterial-based SRR antenna

Desing Parameters Description Value (mm)

W Substrate Width 45
L Substrate Length 45

pW Patch Width 28.5

pL Patch Length 28.5

t Substrate Thickness (RO4003C) 1.524

b Copper (Metallization) Thickness 0.035
b w Feed Slot Width 4
b | Feed Slot Length 5
fw Feed Line Width 3.5
gap_| Inset Feed Gap Length 4.3
gap_w Inset Feed Gap Width 0.3
R ext SRR slot radius of outer ring 4.4
R in SRR slot radius of inner ring 3.9
S SRR rings gap 0.4

The antenna structure incorporates SRR cells integrated onto the conducting patch,
introducing metamaterial-based characteristics that influence the electromagnetic
behavior of the antenna. The low-loss property of the RO4003C substrate, combined
with the SRR configuration, contributes to improved resonance characteristics and a
sharper frequency response.

e Return Loss (S11): The obtained value of -35.22 dB at 5.472 GHz indicates excellent
impedance matching and minimal reflection at the input. However, this does not imply
that all input power is radiated, as a portion of the power may still be dissipated due to
dielectric and conductor losses.
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Figure 2: S;; graph of the designed antenna
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Figure 3: Impedance value of the designed antenna

e Metamaterial Effect: The integration of SRR structures into the patch introduces
metamaterial-based characteristics that influence the effective electrical size and
impedance behavior of the antenna. This configuration contributes to improved
impedance matching at the resonance frequency.

e Radiation Performance: The antenna exhibits a radiation efficiency of 78.7% and
achieves a gain of 4.65 dBi, indicating acceptable radiation performance. The VSWR
value of 1.035 further confirms good impedance matching at the operating frequency.

Voltage Standing Wave Ratio (VSWR)
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Figure 4: VSWR graph of the designed antenna
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Figure 5: 3D radiation pattern and directivity results of the designed antenna

In this study, an SRR-loaded microstrip patch antenna operating at 5.472 GHz for Wi-Fi
applications was designed and analyzed using CST Studio Suite. The antenna was implemented
on an RO4003C substrate (gr = 3.55, h = 1.524 mm), providing low dielectric loss and high-
frequency stability. The proposed design exhibits good impedance matching with a return loss
(S11) of -35.22 dB and a VSWR of 1.035 at the resonance frequency. The antenna achieves a
—10dB impedance bandwidth of 108 MHz, corresponding to a fractional bandwidth of
approximately 1.97%, indicating a relatively narrow and well-defined operating band. In terms
of radiation performance, a radiation efficiency of 78.7% and a gain of 4.65 dBi were obtained,
demonstrating acceptable radiation characteristics. The integration of SRR structures
introduces metamaterial-based behavior that contributes to improved impedance matching and
enhanced frequency selectivity. Overall, the results indicate that the proposed antenna is a
viable candidate for narrowband wireless communication applications in Wi-Fi band. A
metamaterial-based microstrip patch antenna was successfully designed to operate at 5.472
GHz.

Keywords: Microstrip Antenna; Metamaterial; Split Ring Resonator; Rogers 4003C; Wi-Fi.
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Dizel motorlar, yiiksek termal verimlilikleri ve saglam yapilar1 sayesinde basta ulasim ve enerji
tiretimi olmak iizere birgok alanda yaygin olarak kullanilmaktadir. Kiiresel 6l¢ekte motorlu tagit
sayisindaki hizli artis, 6zellikle biiytik sehirlerde hava kirliligini 6nemli bir ¢cevre ve halk saglig
sorunu haline getirmistir. Tiirkiye’de de son yillarda arag sayisi siirekli artis gostermekte olup,
toplam arag¢ parkinin 6nemli bir kismini dizel motorlu tasitlar olusturmaktadir. Bu durum, dizel
motor kaynakli egzoz emisyonlarinin ¢evresel etkilerini daha kritik hale getirmektedir. Dizel
motorlardan yayilan egzoz gazlari; karbon monoksit (CO), azot oksitler (NOx), hidrokarbonlar
(HC) ve partikiil madde (PM) gibi zararl bilesenler icermektedir. Bu kirleticiler, insan sagligi
uzerinde ciddi olumsuz etkiler yaratmakta; 6zellikle NOx ve partikil maddeler solunum yolu
hastaliklari, akciger fonksiyonlarinda azalma, kardiyovaskiiler rahatsizliklar ve uzun vadede
kanser riskinin artis1 ile iligkilendirilmektedir. Ayrica karbon monoksit, kandaki oksijen tasima
kapasitesini azaltarak hayati risk olusturabilmektedir. Bunun yani sira, dizel motorlarin
olusturdugu yiiksek giiriiltii seviyeleri de stres, uyku bozukluklar1 ve isitme kayb1 gibi saglik
problemlerine yol agabilmektedir. Bu nedenle hem egzoz emisyonlarmin hem de akustik
etkilerin azaltilmasina yonelik teknolojilerin gelistirilmesi biiyiik 6nem tasimaktadir.

Dizel motorlarin yanma karakteristikleri; yiiksek emisyon olusumu, yanma kaynakl giiriiltii ve
titresim gibi dnemli miihendislik problemlerini beraberinde getirmektedir. Ozellikle ani basing
yiikselmeleri, motor bilesenlerinde mekanik zorlanmalara ve akustik agidan istenmeyen
davraniglara yol agmaktadir. Bu nedenle yanma siirecini daha kontrollii hale getirecek alternatif
yontemlere ihtiya¢c duyulmaktadir. Bu yontemlerden biri olan su buhart enjeksiyonu, yanma
sicakligini diistirme ve yanma karakteristigini iyilestirme potansiyeli nedeniyle son yillarda
dikkat ¢ekmektedir. Bu ¢aligmanin amaci, dizel motora su buhari enjeksiyonunun mekanik
(titresim) ve akustik (giiriiltii) davraniglara olan etkisini deneysel olarak incelemek; ayrica farkl
buhar debilerinin motor performans: ve emisyon karakteristikleri iizerindeki etkilerini
karsilastirmali olarak degerlendirmektir.
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Deneysel ¢alismalarda, tek silindirli, dort zamanli, atmosferik bir dizel motor kullanilmustir.
Deneylerde referans yakit olarak Euro dizel tercih edilmis ve {i¢ farkli su buhar1 enjeksiyon
seviyesi olugturulmustur. Her biri 300 ml/saat buhar iiretme kapasitesine sahip U¢ adet buhar
makinesi kullanilmis olup, tek makine (SI), iki makine (SII) ve li¢ makine (SIII) durumlari
farkli su buhar1 enjeksiyon seviyelerini temsil etmektedir. Su buhari, her bir buhar makinesi
cikisinda atmosferik basingta ve yaklasik 20°C sicaklik araliginda, kuru doymus buhar
(kurutulma derecesi >%0,95) olarak emme manifolduna enjekte edilmistir. Deneyler 1000 ve
2000 dev/dk motor hizlarinda gergeklestirilmis ve performans (tork, gii¢, 6zgiil yakit tiiketimi),
emisyon (CO, HC, NOx), gurultl ve titresim parametreleri dlglilmiistiir. Bu ¢alismada titresim
Olctimleri yapilmis olup, elde edilen veriler mekanik davranisa iliskin bir 6n degerlendirme
niteligi tagimaktadir. Titresim verilerinin ayrintili analizi ve yorumlanmasi, tamamlayict bir
calisma olarak gelecek yayinlara birakilmistir. Bu nedenle mekanik degerlendirme bu asamada
tork, giic ve 6zgiil yakit tiikketimi ile sinirlandirilmigtir.

Elde edilen deneysel sonuclar, su buhari enjeksiyonunun motor performansi lizerinde belirgin
ancak dogrusal olmayan etkiler olusturdugunu gostermektedir. Referans durumda 1000
dev/dk’da 38,95 Nm olarak 6lgiilen tork degeri, SI durumunda yaklasik %0,2 artarak 39,04 Nm
seviyesine ¢ikmig, ancak SII ve SIII durumlarinda sirasiyla yaklasik %2,5 ve %1 oraninda
azalarak 37,96 Nm ve 38,55 Nm seviyelerine gerilemistir. 2000 dev/dk’da ise referans degere
(32,96 Nm) kiyasla SI durumunda yaklasik %6,5, SII ve SIII durumlarinda ise yaklasik %6
civarinda tork kaybr meydana gelmistir. Gii¢ degerleri de benzer egilim gdstermis olup,
Ozellikle yiiksek buhar debilerinde yaklasik %5-10 araliginda distisler gozlemlenmistir. Bu
durum, artan su buhar1 miktarinin yanma odasindaki oksijen konsantrasyonunu azaltarak yanma
verimini diisiirmesiyle agiklanmaktadir. Ozgiil yakit tiiketimi agisindan degerlendirildiginde,
1000 dev/dk’da referans deger 338,29 g/kWh iken SI durumunda yaklasik %5,75 azalarak
318,85 g/kWh seviyesine diigmiistiir. SIIT durumunda bu iyilesme yaklasik %4,93 seviyesine
ulasmistir. Buna kargin 2000 dev/dk’da referans degere gore SI, SII ve SIII durumlarinda
sirasiyla yaklasik %2,1, %1,2 ve %]1,6 oranlarinda artis gdzlemlenmistir. Ozellikle 1000
dev/dk’da diisiik buhar debisinde (SI) elde edilen %35,75’lik 6zgiil yakit tiiketimi iyilegmesi, su
buhar1 destekli yanmanin diisiik hizlarda yakit ekonomisi agisindan 6nemli bir pratik potansiyel
sundugunu gostermektedir. Titresim Ol¢limleri yapilmis olmakla birlikte, sonuglarin analizi
devam ettiginden bu ¢alisma kapsaminda degerlendirilmemistir

Akustik 6l¢itimler incelendiginde, referans durumda 1000 dev/dk’da 90 dB olan giiriiltii seviyesi
SI durumunda yaklagik %2,2 artarak 92 dB’ye yiikselmistir. 2000 dev/dk’da ise referans deger
97,4 dB iken SII durumunda yaklasik %2,3 artigla 99,6 dB’ye ulastig1 goriilmektedir. SIII
durumunda ise guriltt seviyesi referansa oldukga yakin seyretmis ve artis yaklasik %l
seviyesinde kalmistir. Bu sonugclar, su buhar1 enjeksiyonunun her zaman giiriiltii azaltic1 etki
gostermedigini, Ozellikle orta seviyedeki buhar debilerinde yanma diizensizliklerine bagl
olarak giiriiltiiyii artirabilecegini ortaya koymaktadir.

Emisyon sonuglar1 degerlendirildiginde, 1000 dev/dk’da CO emisyonu referans durumda
10685 ppm iken SI durumunda yaklasik %46,5 azalarak 5718 ppm seviyesine diismiistiir.
Ancak SII ve SIII durumlarinda bu azalma sirastyla %14,5 ve %26,8 seviyelerinde kalmistir.
2000 dev/dk’da ise SI ve SIII durumlarinda CO emisyonlarinin sirastyla yaklasik %30 ve %17
oraninda arttig1 gdzlemlenmistir. HC emisyonlar1 genel olarak su buhari ilavesi ile artis egilimi
gostermis; Ozellikle SIII durumunda 2000 dev/dk’da referansa gore yaklasik %143 oraninda
artis meydana gelmistir. Bu durum, diisiik sicaklik bolgelerinde yanmanin tamamlanamamasi
ile agiklanmaktadir. NOx emisyonlar1 agisindan degerlendirildiginde, 2000 dev/dk’da referans
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deger 459 ppm iken SI durumunda yaklasik %1,31 oraninda azalma saglanmis, ancak SlI
durumunda %8,93 ve SIII durumunda yaklasik %10,02 artis gbzlenmistir. 1000 dev/dk’da ise
tim buhar seviyelerinde NOx artis1 dikkat ¢ekmektedir. 1000 dev/dk’da SI kosulunda CO
emisyonundaki %46,5’lik azalma ile NOx emisyonundaki artisin birlikte degerlendirilmesi
onemlidir. Diisiik buhar debisinde yanma odasinda homojen bir sicaklik dagilimi ve oksijenin
daha iyi dagilmasi, CO’nun oksidasyonunu hizlandirmis olabilir. Ancak ayni kosullarda yerel
sicak noktalarin veya yanma siiresinin uzamasimnin NOx olusumunu tesvik ettigi
diistiniilmektedir. Bu durum, su buharinin etkisinin yalnizca ortalama sicaklik diististi ile degil,
yanma kinetigi ve oksijen dagilimi ile birlikte ele alinmasi gerektigini gostermektedir Baca gazi
sicakliklar incelendiginde, 1000 dev/dk’da referans deger 393,5°C iken SI durumunda yaklagik
%9,3 diistisle 357°C’ye gerilemistir. Benzer sekilde 2000 dev/dk’da yaklasik %2,57 oraninda
sicaklik diisiisii gézlemlenmistir. Bu sonuglar, su buharinin yanma odasinda belirgin bir
sogutma etkisi olusturdugunu dogrulamaktadir.

Sonug olarak, dizel motora su buhar1 enjeksiyonu; performans, emisyon ve akustik davranislar
tizerinde 6onemli ancak karmasik etkiler olusturmaktadir. Diisiik ve orta seviyelerde buhar
enjeksiyonu belirli parametrelerde iyilesme saglarken, yiiksek seviyelerde yanma kararsizliklar
ve emisyon artiglart gézlemlenmektedir. Akustik davranis a¢isindan en ¢arpici bulgu, su buhari
enjeksiyonunun beklendigi gibi her kosulda giiriiltii azaltict bir etki gostermedigi, hatta SI ve
SII kosullarinda giirtiltii seviyesini referans duruma kiyasla yaklasik %2,2—%2,3 oraninda
artirdigidir. Bu sonug, geleneksel literatiir varsayimlarini sorgulamaktadir. Optimum buhar
debisinin belirlenmesi, sistemin etkinligi agisindan kritik bir parametre olarak ortaya
cikmaktadir. Bu ¢alismadaki mekanik degerlendirme tork, giic ve 6zgiil yakit tiiketimi ile
sinirlidir; titresim verilerinin analizi ise ileriki bir yayma birakilmistir. Gelecek ¢alismalarda
titresim analizinin tamamlanmast ve farkli motor yiiklerinde optimizasyon yapilmasi
onerilmektedir.

Anahtar Kelimeler: Dizel Motor; Su Buhari Enjeksiyonu, Akustik Davranis, Titresim Analizi;
Yanma Optimizasyonu

ABSTRACT

Diesel engines are widely used in transportation and power generation due to their high thermal
efficiency and robust structure. However, the rapid increase in the number of motor vehicles
globally has made air pollution a major environmental and public health issue, particularly in
large cities. In Turkey, the number of diesel vehicles has been rising steadily, making exhaust
emissions such as carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), and
particulate matter (PM) increasingly critical. These pollutants cause serious health problems,
including respiratory diseases, reduced lung function, cardiovascular disorders, and increased
cancer risk. Furthermore, high noise levels from diesel engines can lead to stress, sleep
disturbances, and hearing loss.

The combustion characteristics of diesel engines also bring engineering challenges such as high
emissions, combustion-induced noise, and vibration. Sudden pressure rises cause mechanical
stress and undesirable acoustic behavior. Therefore, alternative methods like steam injection
have gained attention for lowering combustion temperature and improving combustion
characteristics. This study experimentally investigates the effects of steam injection on
mechanical (vibration) and acoustic (noise) behavior, as well as performance and emissions,
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using a single-cylinder, four-stroke, atmospheric diesel engine. Three steam injection levels (S,
SII, SH) were tested at 1000 and 2000 rpm. Vibration data were collected but detailed analysis
Is reserved for future publication.

Results show that steam injection has significant but non-linear effects on engine performance.
At 1000 rpm, torque increased slightly by 0.2% at Sl but decreased by approximately 2.5% and
1% at SII and SlII, respectively. At 2000 rpm, torque loss was about 6.5% at SI and 6% at SlI
and SIIl compared to the reference. Power followed a similar trend. Brake-specific fuel
consumption improved by 5.75% at 1000 rpm under Sl conditions but increased at 2000 rpm.

Acoustic measurements revealed that noise levels increased by approximately 2.2% at 1000
rpm under SI and by 2.3% at 2000 rpm under Sll, contrary to the expectation that steam
injection would always reduce noise. Emissions results showed that at 1000 rpm, CO emissions
decreased by 46.5% under Sl conditions. However, at 2000 rpm, CO increased under Sl and
SlIl. HC emissions generally increased with steam injection, reaching a 143% increase under
Sl at 2000 rpm. NOx emissions showed mixed trends, with increases observed at most steam
levels at 1000 rpm, while a slight reduction was observed at 2000 rpm under SI. Exhaust gas
temperatures dropped with steam injection, confirming a cooling effect.

In conclusion, steam injection creates complex effects on performance, emissions, and acoustic
behavior. While low to moderate steam levels improve certain parameters, high levels cause
combustion instability and increased emissions. Notably, steam injection did not always reduce
noise, challenging conventional assumptions. Determining the optimal steam flow rate is
critical. Future work should complete vibration analysis and optimize under different engine
loads.

Keywords: Diesel Engine; Water Vapor Injection; Acoustic Behavior; Exhaust Emissions;
Combustion Optimization
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Bitki gelisimini tesvik eden rizobakteriler (PGPR), bitki biiylimesini artirarak ve bitki
patojenlerine kars1 biyokontrol saglayarak siirdiiriilebilir tarimda 6nemli bir rol oynamaktadir.
Bu slrecte yer alan temel mekanizmalardan biri siderofor Gretimidir. Bu mekanizma,
mikroorganizmalarin smirli demir kaynaklar1 i¢in rekabet etmesini saglayarak patojen
gelisimini baskilamaktadir. Sideroforlar, bakteriler ve diger mikroorganizmalar tarafindan
sentezlenen demir selatlayici bilesiklerdir; bitkilerin demir alimina katkida bulunurken, patojen
mikroorganizmalarin ¢cogalmasini kisitlayarak dolayli olarak bitki biiylimesini tesvik ederler.

Bu ¢alismanin amaci, pamuk rizosferinden siderofor iireten bakterilerin izole edilmesi ve bu
bakterilerin bitki patojenlerine karsi biyokontrol potansiyelinin degerlendirilmesidir. Bu
calismada, bakteriyel izolatlar Diyarbakir ili Cinar ilgesinden toplanan pamuk bitkilerinin
rizosfer toprak orneklerinden elde edilmistir. Siderofor iiretimi Chrome Azurol S (CAS) agar
yontemi kullanilarak kalitatif olarak belirlenmis, ayrica iiretim diizeyleri kantitatif olarak da
degerlendirilmistir.

16S rRNA gen dizilemesine dayali molekiiler tanimlama sonucunda izolatin Pseudomonas
chlororaphis tiiriine ait oldugu belirlenmistir. Fenotipik karakterizasyon, izolatin Gram-negatif,
hareketli ve ¢ubuk seklinde bir bakteri oldugunu ve 30 °C sicaklik ile pH 7.0°da optimum
blylime gbsterdigini ortaya koymustur.

Secilen izolatin (SY2) bitki patojenlerine karsi antagonistik aktivitesi degerlendirilmistir.
Antibakteriyel aktivite Pseudomonas syringae’ye karsi test edilirken, antifungal aktivite
Verticillium dahliae’ye kars ¢ift kiiltiir yontemi kullanilarak incelenmistir. Izolat, V. dahliae’ye
kars1 belirgin inhibisyon aktivitesi gostermis ve bu durum giiglii antifungal potansiyele isaret
etmistir.
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Sonug olarak, SY2 izolat1 siderofor iiretimi ve bitki patojenlerine karsi anlamli antagonistik
aktivite gostermistir. Bu bulgular, P. chlororaphis SY2’nin ¢evre dostu biyokontrol stratejileri
ve siirdiiriilebilir tarimsal uygulamalar i¢in umut verici bir aday oldugunu gostermektedir.

Anahtar Kelimeler: Pamuk; rizosfer; rizobakteriler; siderofor,; biyokontrol

ABSTRACT

Plant growth-promoting rhizobacteria (PGPR) play an important role in sustainable agriculture
by enhancing plant growth and providing biocontrol against plant pathogens. One of the key
mechanisms involved is siderophore production, which enables microorganisms to compete for
limited iron resources, thereby suppressing pathogen development. Siderophores are iron-
chelating compounds synthesized by bacteria and other microorganisms; they contribute to iron
acquisition by plants while indirectly promoting plant growth by restricting the proliferation of
pathogenic microorganisms.

The aim of this study was to isolate siderophore-producing bacteria from the cotton rhizosphere
and to evaluate their biocontrol potential against plant pathogens. Bacterial isolates were
obtained from rhizosphere soil samples of cotton plants collected from the Cimar district of
Diyarbakir, Tiirkiye. Siderophore production was qualitatively determined using the Chrome
Azurol S (CAS) agar method, and quantitative production levels were also assessed.

Molecular identification based on 16S rRNA gene sequencing revealed that the isolate belongs
to Pseudomonas chlororaphis. Phenotypic characterization indicated that the isolate is a Gram-
negative, motile, rod-shaped bacterium, exhibiting optimal growth at 30 °C and pH 7.0.

The antagonistic activity of the selected isolate (SY?2) was evaluated against plant pathogens.
Antibacterial activity was tested against Pseudomonas syringae, while antifungal activity was
assessed against Verticillium dahliae using dual culture assays. The isolate showed clear
inhibitory activity against V. dahliae, indicating strong antifungal potential.

In conclusion, the SY2 isolate demonstrated siderophore production and significant
antagonistic activity against plant pathogens. These findings suggest that P. chlororaphis SY2
is a promising candidate for environmentally friendly biocontrol strategies and sustainable
agricultural applications.

Keywords: Cotton; Rhizosphere; Rhizobacteria; Siderophore; Biocontrol
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Geometrik Fonksiyonlar Teorisinin amaci bir fonksiyonun analitik olmasinin sagladigi
ozellikler ile analitik olan bir fonksiyonun goriintiisiiniin geometrik Ozellikleri arasindaki
iligkiyi agiklamaktir.

Son yiizyilda ortaya ¢ikan ve ilizerindeki g¢alismalarin 6zellikle yakin yillarda hizlandigi
tinivalent fonksiyonlar kurami, geometrik fonksiyonlar teorisinin en 6nemli dallarindan biridir.
Bu teori, kompleks diizlemin uygun bir altkiimesi olan, basit baglantili bir bolgenin, U agik
birim diskine bire-bir 6rten ve analitik olarak esdeger oldugunu dogrulayan iinlii Riemann
Dontigiim Teoremine dayanir.

Birim diskte analitik ve belirli normalizasyon kosullarin1 saglayan fonksiyonlarin olusturdugu
sinif A sembolii ile gosterilir. A siifindaki tinivalent fonksiyonlarin olusturdugu siif ise S ile
gosterilir. S sinifinin temel geometrik 6zellikler ile tanimlanmis bazi 6zel ve 6nemli altsiniflart
mevcuttur. Bu siniflar arasinda en temel olanlari, yi1ldizil fonksiyonlar, konveks fonksiyonlar,
konvekse-yakin fonksiyonlar sayilabilir. Son yillarda iizerinde ¢aligilan bir diger simif ise
Sakaguchi fonksiyonlar smifidir.

Univalent fonksiyonlarin altsiniflarinin, pozitif gercel kisitmli fonksiyonlar ve subordinasyon
ile yakindan ilgileri vardir. Kompleks analizde 6nemli rol oynayan subordinasyon kavramu, ilk
olarak, E. Lindelof tarafindan ortaya atilmis, sonrasinda J.E. Littlewood ve W.W. Rogosinski
tarafindan gelistirilmistir. Subordinasyon kavrami, bir baskinlik durumu olarak diisiintilebilir.

Hankel, Toeplitz ve Hermitian-Toeplitz matrisleri matematikte énemli yer tutan matrislerdir.
Son yillarda univalent fonksiyonlar teorisinde de siklikla ele alinmaya baslanmistir. Girdileri S
siifinin bazi temel altsimiflarinin katsayilari olarak belirlenen matrislerin determinantlari i¢in
ist sinir bulma problemi son yillarda oldukga popiiler bir caligma alan1 haline gelmistir. Biz de
bu ¢aligmamizda Sakaguchi sinifinin bazi Hermitian-Toeplitz determinantlari i¢in iist sinirlar
elde etmeyi amagladik. Ayrica, bu alt siniftaki fonksiyonlar i¢in logaritmik katsayilar igeren
ikinci dereceden Hermitian-Toeplitz determinantlari izerinde sinirlar hesapladik.

Anahtar Kelimeler: ; Sakaguchi fonksiyon sinifi, Hermitian-Toeplitz determinanti, Geometrik
fonksiyonlar teorisi, Univalent fonksiyonlar.
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ABSTRACT

The aim of the Theory of Geometric Functions is to explain the relationship between the
properties of a function being analytic and the geometric properties of the image of an analytic
function.

The theory of univalent functions is one of the most important branches of the theory of
geometric functions, which has emerged in the last century and on which studies have
accelerated especially in recent years. This theory is based on the famous Riemann Mapping
Theorem, which verifies that a simply connected region, which is a proper subset of the complex
plane, is one-to-one covering and analytically equivalent to an open unit disk U.

The class of functions that are analytic on the unit disk and satisfy certain normalization
conditions is denoted by the A. The class of univalent functions in class A is denoted by S.
There are some special and important subclasses of S defined by simple geometric properties.
The most fundamental of these subclasses are starlike functions, convex functions, close-to-
convex functions. Another class that has been studied in recent years is the class of Sakaguchi
functions.

The subclasses of univalent functions are closely related to positive real part functions and
subordination. The concept of subordination, which plays an important role in complex
analysis, was first introduced by E. Lindel6f and later developed by J.E. Littlewood and W.W.
Rogosinski. The concept of subordination can be thought of as a state of dominance.

Hankel, Toeplitz and Hermitian-Toeplitz matrices are important matrices in mathematics. In
recent years, they have been frequently considered in the theory of univalent functions. The
problem of finding upper bounds for the determinants of matrices whose entries are the
coefficients of some fundamental subclasses of S has become a very popular area of study in
recent years. In this study, we aim to obtain upper bounds for some Hermitian-Toeplitz
determinants of the Sakaguchi class. We also compute bounds on second-order Hermitian-
Toeplitz determinants with logarithmic coefficients for functions in this subclass.

Keywords: Sakaguchi function class, Hermitian-Toeplitz determinant, Geometric function
theory, Univalent functions.
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Kiiresel enerji talebindeki hizli artis ve fosil yakitlarin ¢evre iizerindeki olumsuz etkileri,
yenilenebilir enerji kaynaklarinin 6nemini her gecen giin artirmaktadir. Bu baglamda, giines
enerjisi sistemleri sdrdrulebilir, temiz ve ekonomik bir ¢dzim olarak 6ne g¢ikmaktadir.
Fotovoltaik sistemlerin yayginlagsmasiyla birlikte, bu sistemlerin verimli ve giivenilir sekilde
calismasinin saglanmasi kritik bir arastirma konusu haline gelmistir. Ancak gercek saha
kosullarinda giines panelleri; toz birikimi, kus diskisi, kar ortiisii, yiizey ¢atlaklar1 ve elektriksel
arizalar gibi cesitli anomalilere maruz kalmaktadir. Bu tiir anomaliler, enerji iiretiminde ciddi
kayiplara yol agmakta ve sistemin dmriinii ciddi anlamda kisaltmaktadirlar.

Geleneksel ariza tespit yontemleri genellikle manuel inceleme veya sensor tabanli 6lgumler ile
gerceklestirilmektedir. Ancak bu yontemler, Ozellikle biiyiikk olgekli giines enerjisi
santrallerinde zaman alici, maliyetli ve hataya acik olmalar1 nedeniyle sinirli kalmaktadir. Bu
nedenle, son yillarda bilgisayarli gorii ve yapay zeka tabanli yontemler, giines paneli ariza
tespitinde etkili bir alternatif olarak 6n plana ¢ikmistir. Ozellikle derin dgrenme modelleri,
goriintiilerden otomatik 6zellik ¢ikarimi yapabilme yetenekleri sayesinde yiiksek dogruluk
oranlar1 elde edilmesini miimkiin kilmaktadir.

Bu ¢alismada, giines paneli goriintiilerinden anomali tespiti problemi derin 6grenme tabanli bir
yaklagim ile ele alinmis ve farkli evrisimsel sinir agi (ESA) mimarilerinin performanslari
karsilastirmali olarak analiz edilmistir. Amag, farkli mimarilerin giiglii ve zayif yonlerini ortaya
koyarak bu alandaki model se¢imine katki saglamaktir.
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Bu calismada “Solar Panel Images Clean and Faulty Images™ veri seti kullanilmistir. Bu veri
seti, toplam 885 adet, temiz ve arizali glines paneli goriintiilerini icermekte olup, bes farkl
anomali tiirtinii (kus diskisi, karla kapli, elektrik hasari, tozlu ve fiziksel hasarli) temsil eden
siiflardan olugmaktadir. Veri seti, derin 6grenme modellerine uygun hale getirilmek amaciyla
yeniden boyutlandirilmis ve normalize edilmistir. Veri setindeki goriintii sayisinin siirli olmasi
nedeniyle model performansini arttirmak ve asir1 6grenmeyi 6nlemek amaciyla veri artirimi
teknikleri uygulanmistir. Bu kapsamda dondiirme, yansitma, 6l¢cekleme ve parlaklik degisimi
gibi islemler kullanilarak veri sayist dort katina (toplam 3540 adet goriintii olusturulacak
sekilde) cikarilmig ve cesitlilik artirtlmistir. Bu yaklasim, modellerin farkli veri dagilimlarina
kars1 daha dayanikli hale gelmesini saglamaktadir.

Calismada ayrica transfer 6grenme yaklasimindan yararlamilmigtir. Transfer 6grenme,
ImageNet gibi biiyiik 6lgekli veri setleri tizerinde onceden egitilmis modellerin agirliklarinin,
daha kii¢iik ve benzer problemlere sahip veri setlerine uyarlanmasi yaklasimidir. Bu yontem,
simirli veri durumlarinda egitim siiresini kisaltirken model performansini ve genelleme
kabiliyetini artirmay1 amaglamaktadir.

Bu calismada transfer 6grenme tabanli 10 farkli ESA mimarisi ile deneysel c¢aligmalar
gerceklestirilmistir. Bu mimariler su sekildedir: Xception, VGG16, VGG19, ResNet50,
InceptionV3, MobileNet, DenseNet121, DenseNet201, EfficientNetB0 ve ConvNeXtTiny. Bu
mimariler arasinda klasik modellerin yani sira modern derin 6grenme yapilari da
bulunmaktadir. VGG tabanli modeller sade ve diizenli mimarileri sayesinde uygulanabilirlik ve
yorumlanabilirlik agisindan avantaj saglarken, ResNet mimarisi artik baglantilar (skip
connections) sayesinde gradyan kaybi problemini azaltarak daha derin aglarin etkin bir sekilde
egitilmesine olanak tanimaktadir. Inception mimarisi ayn1 katmanda farkli filtre boyutlarini
kullanarak ¢ok oOlgekli 6zellik ¢ikarimi saglamakta ve bdylece daha zengin temsiller elde
etmektedir. MobileNet, derinlemesine ayrilabilir evrisimler (depthwise separable convolution)
kullanarak diisiik hesaplama maliyeti ve yiiksek hiz avantaji sunmakta, 6zellikle gdmiili ve
mobil sistemlerde etkin kullanim saglamaktadir. Xception mimarisi, Inception yaklasimini
derinlemesine ayrilabilir evrisimler ile gelistirerek daha verimli 6zellik Ogrenimi
gerceklestirmektedir. DenseNet modelleri ise katmanlar aras1 yogun baglantilar sayesinde
0zellik yeniden kullanimini artirarak daha az parametre ile giiclii temsil yetenegi sunmaktadir.
EfficientNetB0, ag derinligi, genisligi ve ¢oziiniirliiglinii dengeli bir sekilde 6lgeklendirerek
yiiksek dogruluk ile hesaplama verimliligini birlikte saglamaktadir. ConvNextTiny ise modern
tasarim yaklasimlarini kullanarak evrisimsel aglari transformer benzeri performans seviyelerine
yaklastirmakta ve giiglii genelleme kabiliyeti sunmaktadir. Daha gilincel mimariler, modern
tasarim prensipleri ile daha yiiksek performans elde etmeyi hedeflemektedir.

Deneysel calismalar iki asamada gerceklestirilmistir. ilk asamada modeller yalnizca orijinal
veri seti ile egitilmis ve test edilmistir. Orijinal veri seti tizerinde en yiiksek performansin genel
olarak EfficientNetBO modeli tarafindan elde edildigi goriilmektedir. Bu model, %81,36
dogruluk, %81,37 kesinlik, %81,36 duyarlilik ve %81,26 F1-skor degerleri ile tiim metriklerde
en iyi sonucglart sunmaktadir. Dikkat cekici bir diger nokta ise EfficientNetB0’in yalnizca
yaklasik 4,2 milyon egitilebilir parametreye sahip olmasidir. Bu durum, modelin hem yiiksek
dogruluk hem de hesaplama verimliligi acisindan oldukg¢a dengeli bir yapt sundugunu
gostermektedir. Benzer sekilde ConvNeXtTiny modeli de %80,79 dogruluk, %80,91 kesinlik,
%80,79 duyarlilik ve %80,72 F1-skor ile oldukca rekabet¢i sonuglar iiretmistir. Ancak bu
modelin yaklagik 27,9 milyon parametreye sahip olmasi, EfficientNetBO ile kiyaslandiginda
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daha yiiksek hesaplama maliyeti gerektirdigini ortaya koymaktadir. Bu baglamda
ConvNeXtTiny yiliksek performans sunmasina ragmen verimlilik agisindan ikinci planda
kalmaktadir. VGG16 ve ResNet50 modelleri de %79 civarinda dogruluk, kesinlik, duyarlilik
ve Fl-skor degerleri ile giiclii performans sergilemislerdir. Ozellikle VGG16 nin daha diisiik
parametre sayisi (=14,7 milyon) ile ResNet50’ye yakin sonuclar tretmesi, bu modelin hala
rekabetci bir alternatif oldugunu gostermektedir. Orta seviyede performans gosteren modeller
arasinda DenseNetl121 (%73,45 dogruluk, %73,64 kesinlik, %73,45 duyarlilik ve %73,3 F1
skor) dikkat gekerken, daha derin versiyonu olan DenseNet201’in daha diisiik performans
(%67,8 dogruluk, %68,49 kesinlik, %67,8 duyarlilik ve %67,71 F1 skor) gostermesi, model
derinliginin her zaman dogrudan performans artis1 saglamadigini ortaya koymaktadir.
MobileNet ise yaklagik 3,3 milyon parametre ile en hafif modellerden biri olmasina ragmen
%68,36 dogruluk, %68,52 kesinlik, %68,36 duyarlilik ve %68,25 F1 skor ile siirli bir basar1
elde etmistir. Bu sonug, diisiik hesaplama maliyetinin bazi durumlarda performans kaybi ile
dengelendigini gostermektedir. En diisiik performanslar ise InceptionV3 (%54,24 dogruluk,
%56,14 kesinlik, %54,24 duyarlilik ve %54,1 F1 skor) ve Xception (%58,75 dogruluk, %57,31
kesinlik, %59,80 duyarlilik ve %57,80 F1 skor) modellerinde gdzlemlenmistir. Ozellikle
Xception modelinin yliksek parametre sayisina (=21 milyon) ragmen diisiik performans
gostermesi, modelin bu veri setine yeterince uyum saglayamadigini diislindiirmektedir. Genel
olarak degerlendirildiginde, hem performans hem de parametre verimliligi agisindan
EfficientNetBO modeli en dengeli ve basarili yaklasim olarak 6ne ¢ikarken, ConvNeXtTiny ve
VGG16 gibi modeller de giiclii alternatifler olarak degerlendirilebilir.

Ikinci asamada veri artirimi teknikleri uygulanarak modeller yeniden egitilmistir. Veri artirimi
uygulanmis veri seti ile elde edilen sonuglar incelendiginde, tiim modellerde genel bir
performans artist  gozlemlenmektedir. Ozellikle EfficientNetBO modeli, %92,94
dogruluk, %93,06 kesinlik, %92,94 duyarlilik ve %92,94 F1 skor degerleri ile agik ara en
yiiksek performansi sergilemistir. Bu modelin yaklasik 4,2 milyon parametre ile bu seviyede
bir basar1 elde etmesi, veri artirimi ile birlikte genelleme kabiliyetinin ciddi dlgtide iyilestigini
gostermektedir. Ayni zamanda kesinlik ve duyarlilik degerlerinin dengeli olmasi, modelin hem
yanlis pozitif hem de yanlis negatif oranlarini etkin sekilde minimize ettigini ortaya
koymaktadir. Ikinci en iyi performans ConvNeXtTiny modeline aittir. %91,10 dogruluk
ve %91,11 F1 skor degerleri ile oldukca giiclii sonuglar elde edilmistir. Benzer sekilde
ResNet50 modeli de %89,69 dogruluk ve %89,67 F1 skor ile dikkat ¢ekici bir performans artisi
sergilemistir ve dzellikle derin artik baglant1 yapisinin veri artirimu ile daha etkin hale geldigi
sOylenebilir. Orta performans grubunda yer alan DenseNet121 (%80,51 dogruluk ve %80,53
F1 skor) ve DenseNet201 (%81,64 dogruluk ve %81,60 F1 skor) modelleri, veri artirimi ile
birlikte belirgin iyilesmeler gdstermistir. Ozellikle DenseNet201’in, orijinal veri setine kiyasla
daha belirgin bir artis yakalamasi, daha derin mimarilerin veri ¢esitliliginden daha fazla
faydalanabildigini gostermektedir. VGG16 (%80,65 dogruluk ve %80,69 F1 skor) ve VGG19
(%77,68 dogruluk ve %77,57 F1 skor) modelleri de istikrarli bir performans artis1 sergilemis,
sade mimarilerine ragmen rekabetci sonuglar liretmeye devam etmistir. Buna karsin MobileNet
(%70,20 dogruluk ve %69,95 F1 skor) diisiik parametre avantajini korurken performans
acisindan smirlt bir artis gostermistir. Daha diisiik performans gosteren modeller arasinda
Xception (%63,28 dogruluk ve %62,92 F1 skor) ve InceptionV3 (%56,36 dogruluk ve %56,28
F1 skor) yer almaktadir. Bu modellerde de veri artirnmi ile iyilesme gozlemlense de, diger
modellere kiyasla artisin daha simirli oldugu gériilmektedir. Ozellikle InceptionV3 modelinin
diisiik performansi, bu mimarinin ilgili veri seti i¢in yeterince uygun olmadigini
distindiirmektedir.
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Iki farkl1 deneysel ¢alisma birlikte degerlendirildiginde, veri artirrminin tiim modeller iizerinde
pozitif bir etkisi oldugu acikga goriilmektedir. En dikkat g¢ekici gelisim EfficientNetBO
modelinde gerceklesmistir. Bu modelin dogruluk degeri %81,36’dan %92,94 e yiikselmis olup
yaklagik  9%11,58’lik  bir artig saglanmistir. Benzer sekilde Fl-skor degeri
de %81,26’dan %92,94’¢ ¢ikarak onemli bir iyilesme gdstermistir. Bu durum, EfficientNetB0
modelinin veri artirmindan en fazla fayda saglayan model oldugunu ortaya koymaktadir.
ConvNeXtTiny modeli de 9%80,79 dogruluk degerinden %91,10°a yiikselerek
yaklagik %10,31°lik bir artig gostermistir. ResNet50 modelinde ise %79,1’den %89,69’a
cikarak yaklasik %10,59’luk bir iyilesme gozlemlenmistir. Bu sonuglar, derin ve modern
mimarilerin veri artirnmi ile birlikte daha gii¢lii genelleme performans: sergiledigini
gostermektedir. Ote yandan DenseNet201 modelinin %67,8’den %81,64’e yiikselerek
yaklasik 9%13,84’liik artis saglamasi, en yiiksek iyilesme oranlarindan birine sahip oldugunu
gOstermektedir.

Sonu¢ olarak, her iki deneysel c¢aligma birlikte degerlendirildiginde en iyi modelin
EfficientNetB0 oldugu acik¢a goriilmektedir. Veri artirimi ile birlikte bu model hem en yiiksek
performans degerlerine ulasmis hem de parametre verimliligini korumustur. Bununla birlikte
ConvNeXtTiny ve ResNet50 modelleri de gii¢lii alternatifler olarak 6ne ¢ikmaktadir. Genel
olarak veri artirimi, modellerin performansint %10-%14 araliginda artirarak, 6zellikle derin
O0grenme tabanli yaklasimlarin bagarimini 6nemli 6l¢iide iyilestirmistir.

Anahtar Kelimeler: Giines panelleri, Anomali tespiti, Derin 6grenme, Transfer 6grenme, Veri
arttirimi

ABSTRACT

The rapid increase in global energy demand and the environmental impacts of fossil fuels have
intensified interest in renewable energy sources; in this context, solar energy systems have
emerged as a sustainable and clean solution. However, photovoltaic panels are exposed to
various anomalies under real-world conditions, such as dust accumulation, bird droppings,
snow coverage, physical damage, and electrical faults, leading to energy losses and reduced
system lifespan. Therefore, fault detection in solar panels has become a critical research topic
for ensuring system efficiency.

The aim of this study is to determine the most suitable approach for anomaly detection in solar
panel images by comparing the performance of different deep learning models. The study
utilizes the “Solar Panel Images Clean and Faulty Images” dataset, which consists of 885
images representing five different anomaly types. The dataset was preprocessed, and to mitigate
the limitations of the small dataset size, data augmentation techniques (rotation, flipping,
scaling, and brightness adjustment) were applied, increasing the dataset size to 3,540 images.
Additionally, transfer learning was employed to leverage the knowledge of pre-trained models.

As a methodology, ten different convolutional neural network architectures were evaluated:
Xception, VGG16, VGG19, ResNet50, InceptionV3, MobileNet, DenseNet121, DenseNet201,
EfficientNetB0, and ConvNeXtTiny. The experimental studies were conducted in two stages:
first using the original dataset, and then using the augmented dataset.
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The results show that EfficientNetB0 achieved the highest performance on the original dataset
with an accuracy of 81.36%. ConvNeXtTiny and ResNet50 also demonstrated strong
performance. After applying data augmentation, improvements were observed across all
models, with EfficientNetBO achieving the best results with 92.94% accuracy and F1-score.
ConvNeXtTiny (91.10%) and ResNet50 (89.69%) also yielded high performance. Overall, data
augmentation improved model performance by approximately 10-14%.

In conclusion, EfficientNetBO stands out as the most balanced and effective model in terms of
both accuracy and parameter efficiency, while data augmentation significantly enhances the
generalization capability of deep learning models.

Keywords: Solar panels, Anomaly detection, Deep learning, Transfer learning, Data
augmentation
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19. yy baslarinda ortaya ¢ikan geometrik fonksiyonlar teorisi, karmasik analizin 6nemli bir alt
dalidir. Analiz ile geometri arasinda iligski kurulmasini saglayan bu teori, analitik fonksiyonlarin
geometrik Ozellikleriyle ilgilenir. Geometrik fonksiyonlar teorisinde, fonksiyonun seri
aciliminda verilen katsayilar, fonksiyonun geometrik davranisi iizerinde etkilidir ve bu 6zellik
bu teoriyi 6nemli kilan en 6nemli 6zelliklerinden biridir. Fakat, 20.yy baslarina kadar geometrik
fonksiyonlar teorisi pek fazla uygulama alani bulamamistir. Bazi arastirmacilara gore bu teori
kullanigh bulunmamis, bazi arastirmacilara gére de 6nemi fazla anlasilmamistir.

20.yy baslarinda geometrik fonksiyonlar teorisinin 6nemli bir dali olan yalinkat fonksiyonlar
teorisi ortaya ¢ikmistir. Yalinkat fonksiyonlar teorisi, belli bir bdlgede analitik olan ayni
zamanda yalinkat fonksiyonlari konu alir. 1916 yilinda ise Bieberbach tarafindan ¢alisilan
yalinkat fonksiyonlar i¢in katsay1 tahmini ve bu katsay1 tahminin baz1 sonuglarini vermistir.
Bieberbach’in ¢alismalar1 ile bu alan dikkatleri ¢ekip, ilgili caligmalar hizla gelisim
gostermistir.

Fonksiyonlar teorisinin geometrik yorumlanmasinda ve cesitli donlisim hareketlerinin
incelenmesinde oldukg¢a 6nemli bir yere sahip olan diferansiyel operatorler, fiziksel nicelikleri
rutin olarak tanimlar, tiirevlerin degisim hizlarim1 ifade eder ve bu operatorler nicelikler
arasindaki iligkiyi belirler. Miihendislik, fizik, klasik mekanik, elektro manyetizma gibi yaygin
kullanim alanlar1 mevcuttur. 20.ylizyilin ikinci yarisindan itibaren diferansiyel operatorler
araciligiyla yeni fonksiyon siniflar1 tanimlanmistir. Birim disk i¢inde tanimli ve analitik olan
fonksiyonlarin cesitli alt simiflari, matematiksel analizde uzun siiredir yogun sekilde
incelenmektedir. Bu alt siniflar, farkl tiirev operatorleri, integral operatorleri veya diferansiyel-
fark operatorleri kullanilarak tanimlanmaktadir. Birim disk iginde taniml1 ve analitik olan bu
tir fonksiyonlar, konveks ve yildizil fonksiyonlarla yakin iliski icerisindedir ve genellikle
geometrik 6zelliklerin analitik kosullarla ifade edilmesinde kullanilir. Ayrica biiyiime, doniis
ve kapsama teoremleri gibi temel sonuglarin incelenmesinde de 6nemli bir rol oynar.
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Gelfond Leontiev Salagean operatorleri, 6zellikle fonksiyonlarin diferansiyel 6zelliklerini
genellestiren ve parametrik bigimde incelemeye imkan tantyan giiclii araglardir. Son yillarda,
fark operatorleriyle tanimlanan fonksiyon siniflar lizerine yapilan ¢alismalar da klasik tiirev
operatdrlerinin 6tesine gecerek daha esnek tanimlar sunmaktadir.

Bu calismadaki amag, Gelfond Leontiev Salagean fark operatorii ile yeni bir analitik fonksiyon
alt simifi tamimlamak ve bu alt siifta bulunan fonksiyonlarin katsayilari yardimiyla bazi
esitsizlikleri ispatlamaktir. Bu c¢alisma ile elde edilen sonuglarin farkli analitik fonksiyon
smiflarina uygulanabilecegi ve Gelfond Leontiev Salagean fark operatoriiniin diger fonksiyon
siniflar1 lizerinde yapilacak olan yeni ¢alismalara ilham verecektir.

Anahtar Kelimeler: Analitik fonksiyon, Gelfond Leontev Diferansiyeli; Salagean
Diferansiyeli; Fark operatorii.

ABSTRACT

The theory of geometric functions, which emerged in the early 19th century, is an important
branch of complex analysis. This theory, which establishes a connection between analysis and
geometry, deals with the geometric properties of analytic functions. In the theory of geometric
functions, the coefficients in the series expansion of a function have an effect on the geometric
behavior of the function, and this property is one of the most important features that makes this
theory significant. However, until the early 20th century, the theory of geometric functions had
not found many areas of application. According to some researchers, this theory was not
considered useful, while according to others, its importance was not fully understood.

In the early 20th century, the theory of univalent functions, an important branch of the theory
of geometric functions, emerged. The theory of univalent functions deals with functions that
are both analytic and univalent in a certain region. In 1916, Bieberbach provided a coefficient
estimate for univalent functions along with some consequences of this estimate. Research in
this field has developed through Bieberbach's work.

Differential operators, which hold a significantly important place in the geometric interpretation
of function theory and in the examination of various transformation movements, routinely
define physical quantities, express the rates of change of derivatives, and determine the
relationships between quantities. They have widespread areas of application such as
engineering, physics, classical mechanics, and electromagnetism. Since the second half of the
20th century, new classes of functions have been defined by means of differential operators.
Various subclasses of functions that are defined and analytic in the unit disk have long been
studied intensively in mathematical analysis. These subclasses are defined using different
derivative operators, integral operators, or differential-difference operators.

Gelfond—Leontiev—Salagean operators are powerful tools that, in particular, generalize the
differential properties of functions and allow for parametric examination. In recent years,
studies on classes of functions defined by difference operators have gone beyond classical
derivative operators, offering more flexible definitions.
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The aim of this study is to define a new subclass of analytic functions by means of the Gelfond—
Leontiev—Salagean difference operator and to prove certain inequalities with the help of the
coefficients of the functions belonging to this subclass. It is anticipated that the results obtained
in this study can be applied to different classes of analytic functions, and that the Gelfond—
Leontiev—Salagean difference operator will inspire new studies to be conducted on other classes
of functions.

Keywords: Analtic function, Gelfond-Leontiev derivative; Salagean derivative,; Difference
operator.
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Kiiresel iklim degisikligi ve yiikselen ¢evre sicakliklari, kanath yetistiriciligini tehdit eden en
onemli stres faktorlerinden biridir. Tiirkiyenin de icinde bulundugu subtropikal iklim
kusagindaki iilkelerde yaz donemi sicakliklari ¢cogu zaman etlik piliglerin konfor sinirlarini
asmakta ve bu durum siirii yonetiminde 6nemli gii¢liiklere yol agmaktadir. Etlik pilicler ytliksek
metabolik hizlari, tiiylii yapilar ve ter bezlerinden yoksun olmalar1 nedeniyle 1s1 stresine karsi
ozellikle duyarlidir. Is1 stresi, hayvanin tirettigi 1sinin ¢evreye atabildigi 1s1y1 asmasi durumunda
ortaya ¢ikmaktadir ve maruziyet siiresine bagl olarak {i¢ farkli bicimde siniflandirilmaktadir.
Akut 1s1 stresi, yiiksek sicakligin kisa siireli ani etkisini ifade etmektedir. Subakut stres bir
haftaya kadar siiren orta diizey maruziyetleri kapsamaktadir. Kronik stres ise haftalar boyunca
siiren ve periyodik veya kronik bicimde seyreden uzun siireli maruziyetleri tanimlamaktadir.
Termal stresin siddetini degerlendirmek igin en yaygin olarak Sicaklik-Nem Indeksi
kullanilmaktadir. Bu indeks, ortam sicaklig1 ile bagil nemi birlestirerek hayvanin 1s1 yiikiine
iliskin pratik bir 6l¢iit sunmaktadir. Is1 stresi hem siirli performansinda hem de hayvan refahinda
ciddi kayiplara neden olmakta ve iiretim maliyetlerini artirarak isletmelerin ekonomik
stirdiiriilebilirligini olumsuz etkilemektedir. Bu nedenle 1s1 stresi etkilerinin anlasilmasi ve
besleme yoluyla hafifletilmesi, modern kanatl yetistiriciliginin 6ncelikli konular1 arasinda yer
almaktadir. Bu ¢alismanin amaci, etlik piliclerde 1s1 stresinin temel fizyolojik etkilerini ortaya
koymak ve bu etkileri azaltmada kullanilan besleme stratejilerini biitiinciil bir ¢ercevede
degerlendirmektir.

Is1 stresinin etlik pilicler tizerindeki etkileri, performans, davranig, bagirsak sagligi, bagisiklik
sistemi ve et kalitesi gibi birbiriyle iligkili bircok alanda ortaya c¢ikmaktadir. Performans
acisindan degerlendirildiginde, canli agirlik kazanci ve yem tiikketimi azalmakta, yemden
yararlanma orani bozulmakta ve mortalite artmaktadir. Fizyolojik ve hormonal etkiler
kapsaminda viicut 1s1s1 ylikselmekte, solunum hizi artmakta ve hayvanlarda gaga acik soluma
davranis1 belirginlesmektedir. Bu durum solunumsal alkaloz ve elektrolit dengesizligi ile
sonuclanmaktadir. Su tliketimi artarken yem tiiketimi azalmakta, kortikosteron salinimi
yukselmekte ve tiroid hormonlarinda baskilanma goriilmektedir. Bagirsak saghigi ve
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mikrobiyota lizerine etkileri agisindan epitel biitiinliigii zayiflamakta, villus yiiksekligi
azalmakta, kript derinligi bozulmakta ve mikrobiyota dengesi yararli tiirler aleyhine
kaymaktadir. Bu degisiklikler besin 6gelerinin emiliminde ve bagirsak bariyer fonksiyonunda
gerilemeye yol agmaktadir. Bagisiklik sistemi iizerindeki etkileri bakimindan timus ve bursa
Fabricius gibi bagisiklik organlarinda gerileme, antikor yanitinda zayiflama ve inflamasyonda
artig goriilmektedir. Karkas ve et kalitesi iizerindeki etkiler arasinda et renginde solma, su tutma
kapasitesinde azalma ve oksidatif bozulmaya baglh raf omrii kisalmasi1 yer almaktadir. Bu
olumsuz etkilerin hafifletilmesinde c¢esitli besleme stratejileri kullanilmaktadir. Vitamin
takviyeleri arasinda C, E ve D vitaminleri ile D vitamininin aktif formu olan 25-
hidroksikolekalsiferol 6ne ¢ikmaktadir. Bu vitaminler antioksidan savunmay1 giiclendirmekte
ve bagirsak biitiinliiglinli korumaktadir. Mineral ve elektrolit desteklerinden selenyum ve ¢inko
antioksidan enzim aktivitesini artirmaktadir. Sodyum, potasyum ve klor dengesinin izlenmesi
asit-baz homeostazinin korunmasi bakimindan 6nemlidir. I¢me suyuna elektrolit veya
bikarbonat ilavesi de yaz donemi siirii yonetiminde sik basvurulan bir uygulamadir. Amino asit
ve osmolit grubunda betain hiicresel osmotik korumay1 saglamaktadir. Metiyonin glutatyon
sentezine katkida bulunmakta, treonin ise bagirsak mukus Ttretimini desteklemektedir.
Guanidinoasetik asit kasta enerji rezervi gorevi goren kreatin havuzunu genisleterek 1s1 stresi
altindaki performans kayiplarini azaltmaktadir. Antioksidan ve fitobiyotik katkilar kapsaminda
bitkisel ekstraktlar, wucucu yaglar ve fenolik bilesikler lipid peroksidasyonunu
sinirlandirmaktadir. Bu katkilar hem doku sagligina hem de et kalitesinin korunmasina olumlu
yonde etki etmektedir. Probiyotik, prebiyotik ve postbiyotik uygulamalari bagirsak
mikrobiyotasini dengelemekte, kisa zincirli yag asidi iiretimini tesvik etmekte ve bagirsak
epiteli biitiinliglinli korumaktadir. Bu uygulamalar ayni zamanda bagisiklik yanitin
destekleyerek 1s1 stresine kars1 genel direncin artmasina katki saglamaktadir. Enerji ve protein
dengesi acisindan yag kaynaklarinin metabolik 1s1 ytikii karbonhidrat ve proteine kiyasla daha
diistiktiir. Bu nedenle sicak donemlerde daha yiiksek yag, dl¢iilii protein ve kristal amino asit
takviyesine dayal1 rasyonlar tercih edilmektedir.

Sonug olarak 1s1 stresi, etlik pili¢ yetistiriciliginde performans, refah ve ekonomik verimlilik
tizerinde ¢ok yonlii kayiplara yol acan 6nemli bir sorundur. Tek bir besin 6gesi veya tek bir
uygulama ile bu etkilerin biitiinliyle kontrol altina alinmast miimkiin goértinmemektedir.
Vitamin, mineral, amino asit, antioksidan, probiyotik ve enerji—protein diizenlemelerini birlikte
ele alan ¢ok bilesenli besleme yaklasimlari, 1s1 stresinin olumsuz etkilerini belirgin olciide
hafifletme potansiyeli tasimaktadir. Pratik uygulamada yaz doneminde fonksiyonel katki
maddelerinin rasyonlara dahil edilmesi, diyet elektrolit dengesinin izlenmesi ve protein
diizeyinin kristal amino asit takviyesi ile dengelenmesi Onerilmektedir. Net enerji temelli
formiilasyona gecilmesi de bu donemde oncelikli yaklagimlar arasinda yer almaktadir. Bu
uygulamalarin kiimes i¢i havalandirma, serinletme ve yemleme programi gibi ¢evre yonetimi
araglartyla birlikte yiiriitiilmesi siirii performansinin korunmasina ve siirdiiriilebilir kanatlh
iiretimine dogrudan katki saglayacaktir. Is1 stresi yonetiminde basarili sonuglar elde etmek,
yalnizca rasyon formiilasyonunu degil isletme Olgeginde biitlinciil bir planlamay:r da
gerektirmektedir.

Anahtar Kelimeler: Etlik pilic; Isi stresi; Besleme stratejileri; Oksidatif stres; Bagirsak sagligi
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ABSTRACT

Global climate change and rising ambient temperatures represent one of the most critical stress
factors threatening poultry production worldwide. In countries located within the subtropical
climate zone, including Tiirkiye, summer temperatures frequently exceed the thermal comfort
limits of broiler chickens, leading to significant challenges in flock management. Broiler
chickens are particularly susceptible to heat stress because of their high metabolic rate, feather
coverage, and lack of sweat glands. Heat stress occurs when the heat produced by an animal
exceeds its capacity to dissipate heat to the surrounding environment. Heat stress is classified
into three categories based on the duration of exposure. Acute heat stress refers to short-term
exposure to high temperature. Subacute heat stress involves moderate exposure lasting up to
one week. Chronic heat stress, on the other hand, describes long-term exposure extending over
several weeks, either in cyclic or constant patterns. The severity of thermal stress is most
commonly assessed using the Temperature-Humidity Index, which integrates ambient
temperature and relative humidity to provide a practical measure of the thermal load
experienced by animals. Heat stress leads to substantial losses in both production performance
and animal welfare, thereby increasing production costs and negatively affecting the economic
sustainability of poultry farming enterprises. Therefore, understanding the effects of heat stress
and mitigating them through nutritional strategies has become a major priority in modern
poultry production. The objective of this study is to evaluate the primary physiological effects
of heat stress in broiler chickens and to assess nutritional strategies used to alleviate these effects
within an integrated framework.

The effects of heat stress in broiler chickens manifest across multiple interconnected systems,
including performance, behavior, gut health, immune function, and meat quality. From a
performance perspective, heat stress leads to reduced body weight gain and feed intake,
impaired feed conversion efficiency, and increased mortality rates. In terms of physiological
and hormonal responses, body temperature rises, the respiratory rate increases, and panting
behavior becomes more pronounced. These changes often result in respiratory alkalosis and
electrolyte imbalances. Water intake increases, feed consumption declines, corticosterone
secretion is elevated, and thyroid hormone activity is suppressed. Regarding gut health and
microbiota, heat stress compromises intestinal epithelial integrity, reduces villus height, alters
crypt morphology, and unfavorably shifts the microbial balance by reducing the beneficial
populations. These changes impair nutrient absorption and weaken the intestinal barrier
function. The immune system is also adversely affected, with reductions in immune organ
development, such as the thymus and bursa of Fabricius, along with decreased antibody
responses and increased inflammatory activity. In terms of carcass traits and meat quality, heat
stress results in paler meat color, reduced water-holding capacity, and shortened shelf life due
to the oxidative deterioration of meat. Various nutritional strategies have been proposed to
mitigate these adverse effects. Among vitamin supplements, vitamins C, E, and D, as well as
the active form of vitamin D, 25-hydroxycholecalciferol, play a prominent role in enhancing
antioxidant defense systems and preserving intestinal integrity. Mineral and electrolyte
supplementation, particularly with selenium and zinc, contributes to increased antioxidant
enzyme activity, while maintaining sodium, potassium, and chloride balance is essential for
acid-base homeostasis. The addition of electrolytes or bicarbonate to drinking water is a
commonly applied strategy during hot periods. Among amino acids and osmolytes, betaine
provides cellular osmotic protection, methionine contributes to glutathione synthesis, and
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threonine supports intestinal mucin production. Guanidinoacetic acid enhances the creatine
pool in muscle tissue, thereby improving energy availability and reducing performance loss
under heat stress conditions. In addition, antioxidant and phytogenic additives, such as plant
extracts, essential oils, and phenolic compounds, help limit lipid peroxidation and support both
tissue health and meat quality. Probiotic, prebiotic, and postbiotic applications contribute to
maintaining gut microbiota balance, promoting short-chain fatty acid production, and
preserving intestinal epithelial integrity. These interventions also enhance immune responses
and improve the overall resilience of broilers to heat stress. Dietary energy and protein balance
are critical factors from a nutritional perspective. Fat sources generate less metabolic heat than
carbohydrates and proteins, making high-fat, moderate-protein diets supplemented with
crystalline amino acids more suitable during hot periods.

In conclusion, heat stress is a multifactorial challenge in broiler production, leading to
significant losses in performance, animal welfare, and economic efficiency. It is unlikely that a
single nutrient or intervention can fully mitigate these effects. Instead, comprehensive
nutritional strategies that integrate vitamins, minerals, amino acids, antioxidants, probiotics,
and dietary energy-protein adjustments offer a more effective approach for alleviating the
negative impacts of heat stress. In practical terms, the inclusion of functional feed additives
during summer, careful monitoring of dietary electrolyte balance, and optimization of protein
levels through crystalline amino acid supplementation are recommended. These strategies
should be implemented in combination with environmental management practices, such as
ventilation, cooling systems, and feeding schedules. A holistic approach that integrates both
nutritional and management strategies is essential to maintain flock performance, improve
animal welfare, and ensure sustainable poultry production under heat stress conditions.

Keywords: Broiler chickens; Heat stress,; Nutritional strategies, Oxidative stress; Gut health
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ABSTRACT

This study investigates a numerical approach for calculating the determinant of n Xn
pentadiagonal skew circulant matrices of the form A,, = scirc,(ay, a;,a;,0, ...,0,a_,,a_;).
Skew circulant matrices matrices are defined by a cyclic shift combined with a sign flip of
overflowing elements and serve as a significant extension of the standard circulant matrix
family. Given their frequent appearance in fields such as signal processing, coding theory, and
the discretization of partial differential equations, the scope of this research focuses on utilizing
their specific spectral properties to establish a direct and efficient computational path for the
determinant.

The calculation of determinants for large-scale matrices is a fundamental requirement in various
scientific disciplines, including structural mechanics and mathematical engineering. However,
general-purpose algorithms often face high computational costs when applied to large,
structured systems. The purpose of this research is to develop a specialized algorithm that
exploits the pentadiagonal structure and its inherent relationship with Chebyshev polynomials.
By doing so, the study aims to provide a more practical alternative to traditional methods,
facilitating the efficient handling of structured algebraic systems.

The methodological framework of the research is grounded in the eigenvalue decomposition of
the skew circulant matrix. Since the determinant of any matrix is equal to the product of its
eigenvalues, the core of this method involves deriving explicit closed-form expressions for the
eigenvalues A,,. These eigenvalues are expressed in terms of Chebyshev polynomials of the first
and second kinds. The algorithm further optimizes the multiplication process by utilizing the
conjugate symmetry property of the eigenvalues, effectively simplifying the final calculation.

The findings indicate that the determinant of a pentadiagonal skew circulant matrix can be
evaluated systematically without the need for standard matrix reduction techniques. By
representing the determinant as a product of spectral components separated into real and
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imaginary parts via Chebyshev identities, the proposed method offers a clear analytical
advantage. Numerical tests conducted in symbolic computation environments suggest that this
approach maintains accuracy while offering a more streamlined framework for large-
dimensional matrices compared to generic algorithms.

In conclusion, this paper provides a robust and computationally effective framework for the
determinant of pentadiagonal skew circulant matrices. By directly linking the matrix structure
to Chebyshev polynomial theory, the proposed algorithm serves as a functional tool for
numerical analysis. This work contributes to the analytical study of structured matrices and
provides a reliable foundation for the development of specialized solvers in applied
mathematics.

Keywords: Pentadiagonal Skew circulant matrix, Determinant, Chebyshev polynomials.
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ABSTRACT

This research focuses on two important areas of mathematics: number theory and linear algebra.
The study examines well-known number sequences like Fibonacci, Lucas, Pell, and Jacobsthal,
as well as more complex versions called generalized order-k sequences. The main scope of the
work is to represent the sums of these numbers using special square matrices, such as upper
Hessenberg matrices and (0,1)-matrices. These sequences are used in many fields, including
computer science. Usually, finding the total sum of these numbers requires long and repetitive
calculations known as recursion. The purpose of this study is to find a simpler and faster way
to calculate these sums. By using matrix methods, we can find the sum of very complex
sequences without doing step-by-step additions. This research is important because it connects
different mathematical topics and provides a useful tool for researchers working with large
datasets or complex algorithms.

The study uses a "Matrix Algebraic Method" to solve the problem through several technical
steps. First, specific n-square matrices are designed where the entries are carefully placed to
match the rules of the number sequences. The methodology then utilizes two main matrix
functions: the determinant and the permanent. These functions help turn a large matrix into a
single value that represents the exact sum of the sequence. Specifically, the research uses upper
Hessenberg matrices, which have a special shape that makes it much easier to calculate results.
All formulas were checked and verified using mathematical proofs and computer programs like
Maple to ensure they are correct for any number of terms.

The findings show that the sums of Fibonacci and Lucas numbers can be found by calculating
the permanent of certain (0,1)-matrices. For Pell and Jacobsthal sequences, the study found that
using the determinant of Hessenberg matrices gives the same result as the sum of the sequence.
An important finding is that these methods also work for order-k sequences, which are much
harder to calculate using traditional ways. We also showed that large matrices can be
"contracted" or reduced into smaller ones to simplify the math while keeping the same result.

In conclusion, matrix algebra is a very powerful tool for studying number sequences. Instead
of using complex formulas for each sequence, we can use a single matrix-based system for all
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of them. These results make it easier to understand the relationship between different types of
numbers and offer a faster way to perform calculations in computational mathematics. This
framework simplifies existing knowledge and provides a new way to discover future
mathematical identities.

Keywords: Fibonacci and Lucas Sequences, Pell and Jacobsthal Sequences, Hessenberg
Matrices, Permanent, Matrix Methods.
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Growth Performance and Survival Analysis of Zom Sheep in On-Farm
Conditions of Diyarbakir
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(0)/

Bu ¢alisma, Diyarbakir (Tiirkiye) ilinde yetistirilen Zom koyunlariin ¢ift¢i kosullarindaki
bliylime Ozelliklerini belirlemek amaciyla yiiriitilmisttir. Calisma, 2023 ile 2025 yillar
arasindaki verileri kapsamaktadir.

I.  Yontem ve Materyal

e Materyal: Arastirmanin materyalini 33 farkli siiride dogan toplam 10.597 kuzu
olusturmustur.

 Olgiimler: Kuzularin canl agirliklar, dogumdan itibaren 120. giine kadar her iki ayda
bir kaydedilmistir.

e Destek: Bu proje, Tarimsal Arastirmalar ve Politikalar Genel Midirliigii (TAGEM)
tarafindan desteklenmistir.

o Istatistiksel Analiz: Veriler SAS (2017) paket programindaki GLM prosediirii ile analiz
edilmis; alt grup ortalamalarinin karsilastirilmasinda ise Tukey testi kullanilmistir.

II.  Bulgular
Calisma sonucunda elde edilen canli agirlik verileri (disi ve erkek sirasiyla) su sekildedir:

Donem Disi (kg) Erkek (kg)
Dogum Agirlig 3.50 3.70
30. Giin 9.9 10.7
60. Giin 16.03 17.70
90. Giin (Siitten Kesim) 22.7 24.7

e Yasama Giicii: Kuzularin siitten kesime kadar olan hayatta kalma oran1 %96 olarak
belirlenmistir.

o Etki Faktorleri: Dogum, 30, 60, 90 ve 120. giin canli agirliklar1 tizerinde; siirii, dogum
yil1, dogum mevsimi, dogum tipi ve cinsiyetin etkisi istatistiksel olarak ©Onemli
bulunmustur ($P < 0.00189).
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e Regresyon Sonuglari: Dogum agirliginin; 30, 60 ve 90. giin canl1 agirliklar tizerindeki
regresyon katsayilari sirastyla $0.75 \pm 0.03508, $1.052 \pm 0.0290$ ve $1.32 \pm
0.05638$ kg olarak hesaplanmustir ($P < 0.0183).

Anahtar Kelimeler: Zom koyunu, Biiyiime, Yasama giicti, Ciftci kosullart.

ABSTRACT

This study was conducted to determine the growth characteristics of Zom sheep raised under
farmer conditions in Diyarbakir, Tiirkiye. The study covers data collected between 2023 and
2025.

Materials and Methods: The research material consisted of a total of 10,597 lambs born in 33
different flocks. Live weights of the lambs were recorded every two months from birth up to
the 120th day of age. This project was supported by the General Directorate of Agricultural
Research and Policies (TAGEM). Data were analyzed using the GLM procedure in SAS (2017)
software, and the Tukey test was utilized for the comparison of subclass means of
environmental factors.

Results: The live weight data obtained from the study (for females and males, respectively) are
as follows:

|Period || Female (kg) || Male (kg) |
Birth Weight I 3.50 | 3.70 |
IDay 30 I 9.9 | 10.7 |
IDay 60 I 16.03 | 17.70 |
|Day 90 (Weaning) || 22.7 || 24.7 |

Survival Rate: The survival rate of lambs until weaning was determined to be 96%.
Influencing Factors: The effects of flock, birth year, birth season, birth type, and sex on live
weights at birth, 30th, 60th, 90th, and 120th days were found to be statistically significant ($P
<0.001$).

Regression Results: The regression coefficients of live weights on the 30th, 60th, and 90th days
relative to birth weight were calculated as $0.75 \pm 0.0350$, $1.052 \pm 0.0290$, and $1.32
\pm 0.0563$ kg, respectively ($P < 0.018$).

Keywords: Zom sheep, Growth, Survival, Farmer conditions
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ABSTRACT

Skew circulant matrices are a special type of structured matrices that appear in many areas such
as signal processing, numerical analysis, coding theory, and the solution of differential
equations. These matrices are important because their special structure allows faster and more
efficient computations compared to general matrices. Among them, m-diagonal skew circulant
matrices form a broader class that includes many practical cases. However, finding explicit
formulas for their eigenvalues and eigenvectors can be difficult, especially when the number of
diagonals increases.

The main aim of this study is to obtain clear and explicit formulas for the eigenvalues and
eigenvectors of m-diagonal skew circulant matrices. The study focuses on expressing these
formulas using Chebyshev polynomials, which are well-known mathematical functions with
useful properties. By doing this, the study provides a simple and systematic way to analyze
these matrices. In addition, a special case, namely skew-symmetric circulant matrices, is also
examined to show how the results can be simplified under certain conditions.

In terms of method, the study starts by defining the general form of an nxn m-diagonal skew
circulant matrix. Then, it uses the known eigenvalue decomposition of skew circulant matrices.
This decomposition is based on a special matrix constructed using complex numbers. First, the
eigenvalues are written in terms of complex exponential expressions. After that, these
expressions are rewritten using trigonometric functions such as cosine and sine. At this stage,
Chebyshev polynomials are used to simplify these trigonometric expressions. The cosine terms
are expressed with Chebyshev polynomials of the first kind, while the sine terms are represented
by Chebyshev polynomials of the second kind. In this way, more understandable and compact
formulas are obtained.

The study also derives formulas for the eigenvectors of these matrices. By using the known
structure of eigenvectors for skew circulant matrices, the entries of the eigenvectors are
rewritten in terms of Chebyshev polynomials. As a result, both eigenvalues and eigenvectors
are expressed within the same mathematical framework. This provides a unified approach and
makes the results easier to use in applications.
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The findings show that the eigenvalues of m-diagonal skew circulant matrices can be written
in a clear and explicit form depending on the matrix parameters. It is also observed that these
eigenvalues have a symmetry property, meaning that some of them repeat in a specific pattern.
For the special case of skew-symmetric circulant matrices, the formulas become even simpler
and involve only one type of Chebyshev polynomial. This makes computations easier and
faster.

To support the theoretical results, several examples are provided. These examples show how
the formulas can be applied in practice and confirm their correctness. In addition, some
computational procedures are given to calculate eigenvalues and matrix powers. These
procedures can be implemented using computer algebra systems and can be useful for
researchers and engineers working with such matrices.

In conclusion, this study presents a simple and effective method to compute the eigenvalues
and eigenvectors of m-diagonal skew circulant matrices. The use of Chebyshev polynomials
allows the results to be written in a clear and compact form. This approach not only improves
theoretical understanding but also provides practical advantages for computations. The results
of this study can be useful in many applications where structured matrices are used. Future
studies may extend this approach to other types of matrices or apply these results to real-world
problems in science and engineering.

Keywords: Skew circulant matrix, eigenvalues, eigenvectors, Chebyshev polynomials.
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Phlomis bruguieri ve Phlomis lanceolata
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Tiirkiye, Lamiaceae familyasinin énemli merkezlerinden biri olup, 45 cins, 546 tiir ve 731
takson ile oldukg¢a zengin bir biyolojik ¢esitlilige sahiptir.Phlomis L., Lamiaceae familyasinin
en zengin cinslerinden biri olup diinyada yaklasik 100 tiirle temsil edilmektedir. Tiirkiye’de bu
cins; balik otu, salvar otu, ¢alba gibi isimlerle bilinmekte ve halk hekimliginde 6nemli bir yere

sahiptir.

Bilimsel  arastirmalar, dogal kaynakli bilesiklerinbiyolojik  aktivitelerini anlayarakinsan
sagligina katki saglayabilecekyeni molekiiller kesfetmeyihedeflemektedir.Bitkiler,
ikincil metabolitlerolarak bilinen fenolik bilesikler,flavonoidler, iridoidler, terpenler

ve ugucuyaglargibi fitokimyasallarigerirler vebumolekiiller antioksidan, antiinflamatuvar, anti
mikrobiyalve yaslanma karsiti etkinliklere sahip olabilirler.Bu baglamda antioksidan
aktivite, reaktif oksijen tiirlerinin yol actig1 oksidatif stresi azaltarak hiicresel hasar1 engelleme
potansiyeline sahip olmasi nedeniyle farmakolojik arastirmalarda 6nemli bir parametre olarak
kabul edilmektedir.

Calismamizda, Phlomis lanceolata ve Phlomis bruguierri tiirlerinin fitokimyasal icerikleri ve
biyolojik aktivitelerinin belirlenmesi amacglanmistir.Yapilan yontemlerle;bitki ekstrelerinin
toplam fenolik ve flavonoid igerikleri sirasiyla pirokatekol ve kuersetine esdeger olarak
belirlendi. DPPH, ABTS ve CUPRAC yontemleri kullanilarak antioksidan aktiviteleri,
asetilkolinesteraz (AChE), biitirilkolinesteraz (BChE) tirozinaz, elastaz, hyaluronidaz ve
kollajenaz enzim inhibisyonlar1 ile biyolojik aktiviteleri incelendi. LC-HRMS cihaz ile
bitkilerin fitokimyasal igerikleri belirlendi.

Her iki bitkinin kok ekstrelerinin toplam fenolik ve flavonoid igerikleri genel olarak toprak tistii

kisimlara gore daha yiiksek bulunmustur. En yiiksek fenolik igerik (90.70+£2.60ugPEs/mg
extract)en yiikksek flavonoid icerik ise (51.19+0.70ugQEs/mg extract)bulunmustur.

64



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

Antioksidan aktivite testlerinde, 6zellikle kok ekstrelerinin toprak tistli ekstrelerine gore daha
giiclii, ayrica biitiin ekstreler icinde Phlomis lanceolata bitkisinin kok ekstresi en yiiksek
aktiviteyi gosterdigi belirlendi. DPPH serbest radikal giderimi (ICs0:17.71£1.00pg/mL), ABTS
katyon radikal giderimi (ICs0:15.64+0.15ug/mL)ve CUPRAC (Aos:14.77+ 0.19ug /mL)
indirgeme yOnteminde en yiiksek aktiviteyi Phlomis lanceolatabitkisinin kok ekstresi
gostermistir. Enzim inhibisyon calismalarinda ise Phlomis bruguierii bitkisinin kok esktresi
AChE (%inhibisyon:46.99+0.29ug /mL) ve Phlomis bruguierii bitkisinin toprak {istli ekstresi
BChE enzim inhibisyon (%inhibisyon:48.48+1.03pug/mL) yontemlerinde daha yiiksek aktivite
gosterdikleri belirlendi. Yaglanma karsiti aktivite yontemlerinde ise Phlomis lanceolata
bitkisinin toprak tistii ekstresi kollajenaz enzim inhibisyonunda standarttan bile daha iyi aktivite
gosterdigi belirlendi.

Fitokimyasal igerikleri incelendiginde her iki bitkinin kok ekstrelerindePhlomis
bruguieriibitkisinin kok ekstresinde verbascoside (150.841 pg/mL) ve Chlorogenic acid
(43.888ug/mL)Phlomis lanceolata bitkisini kok ekstresinde verbascoside (394.29ug/mL) ve
Chlorogrnic acid (145.568 mg/L) olarak belirlendi. toprak iistii ekstrelerinde hispidulin-7-
glukozit (395.147 mg/L) bilesikleri ana bilesenler olarak belirlendi.

Calismamizin sonucunda; her iki bitkinin kok ekstreleri yiiksek fenolik ve flavonoid igerikleri
sayesinde gii¢lii antioksidan ve enzim inhibisyon aktiviteleri gostermistir. Sonuglar bitkilerin
dogal antioksidan kaynag: olarak degerlendirilebilecegini gostermektedir. Ileriki calismalarda
bu aktivitelerden sorumlu biyoaktif bilesiklerin izolasyonu ve karakterizasyonu ile dogal ilag
etken madde bulabilme potansiyelleri tasimaktadirlar.

Toplam fenolik ve flavonoid igerik analizleri, 6zellikle Phlomis lanceolata ve Phlomis
brugierii’ye ait baz1 ekstrelerde belirgin sekilde yiiksek degerler gostermistir. Bu durum, DPPH
ve ABTS serbest radikal giderme testlerinde gozlenen diisiik ICso degerleri ile desteklenmis ve
ekstrelerin gliclii antioksidan kapasiteye sahip oldugunu ortaya koymustur. Ayrica CUPRAC
indirgeme giicli analizinde elde edilen yiiksek Ao.s degerleri, bu tiirlerin elektron verici
kapasitesinin yiliksek oldugunu ve oksidatif stresle miicadelede etkili olabilecegini
gostermektedir.

Yaslanma karsiti aktivite degerlendirmelerinde, Phlomis lanceolata ve Phlomis brugierii
ekstrelerinin 6zellikle kollajenaz ve elastaz enzimleri iizerinde anlamli inhibitdr etkilere sahip
oldugu belirlenmistir. Phlomis lanceolata toprak iistii kisimlarindan elde edilen ekstrelerin
kollajenaz inhibisyonunda daha diisiik ICso degerleri sergilemesi, bu tiiriin dermal kolajen
yikiminin 6nlenmesi agisindan daha yiiksek potansiyele sahip olabilecegini diisiindiirmektedir.
Elastaz inhibisyonu bakimindan ise Phlomis bruguierri ekstrelerinin daha etkili oldugu
gOriilmiistiir.

LC-MS/MS analizleri sonucunda her iki Phlomis tiiriinde de verbaskozit (verbascoside) ve
hispidulin-7-glukozit basta olmak iizere bircok biyolojik olarak aktif fenolik bilesik
tammlanmustir. Ozellikle Phlomis bruguieri ekstrelerinde hispidulin-7-glukozit miktarinmn
oldukca yiiksek oldugu belirlenmis ve bu durumun antioksidan ve yaslanma karsiti
aktivitelerdeki etkinlige Onemli katki sagladigi degerlendirilmistir. Verbaskozitin giicli
antioksidan, anti-inflamatuvar ve kolajen koruyucu 6zellikleri literatiirde yaygin olarak rapor
edilmis olup, bu ¢alismada elde edilen biyolojik aktivite sonuglari ile uyum gostermektedir.
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Sonug olarak, bu tez ¢alismas1 Phlomis brugierii ve Phlomis lanceolata tiirlerinin yiiksek
antioksidan kapasiteye ve belirgin yaslanma karsiti enzim inhibitdr etkilerine sahip dogal
kaynaklar oldugunu ortaya koymustur. Bulgular, bu tiirlerin kozmesdtik ve farmasdotik
uygulamalar agisindan 6nemli bir potansiyele sahip oldugunu gostermektedir.

Bu tez caligmasi kapsaminda elde edilen bulgular dogrultusunda asagidaki Oneriler
sunulmaktadir:

Phlomis brugierii ve Phlomis lanceolata tirlerinden belirlenen baglica biyolojik aktif
bilesiklerin (6zellikle verbaskozit ve hispidulin-7-glukozit) izole edilerek saf bilesikler tizerinde
ayrintili enzim inhibisyon kinetik ¢aligmalarinin yapilmasi nerilmektedir.

Bu tez calismasi, Phlomis brugierii ve Phlomis lanceolata tiirlerinin dogal antioksidan ve
yaslanma karsit1 ajanlar olarak degerlendirilmesine bilimsel bir temel olusturmakta ve bu
alandaki ileri arastirmalar icin yol gosterici nitelik tasimaktadir.

Anahtar Kelimeler: Phlomis lanceolata, Phlomis bruguierii, antioksidan, enzim inhibisyon,
fenolik bilesikler

ABSTRACT

Tiirkiye is one of the important centers of the Lamiaceae family and possesses a remarkably
rich biological diversity with 45 genera, 546 species, and 731 taxa. Phlomis L. is one of the
richest genera of the Lamiaceae family and is represented worldwide by approximately 100
species. In Tiirkiye, this genus is known by names such as “balik otu,” “salvar otu,” and “calba,”
and it holds an important place in traditional folk medicine.

Scientific research aims to discover new molecules that may contribute to human health by
understanding the biological activities of naturally derived compounds. Plants contain
phytochemicals such as phenolic compounds, flavonoids, iridoids, terpenes, and essential oils,
known as secondary metabolites, and these molecules may exhibit antioxidant, anti-
inflammatory, antimicrobial, and anti-aging activities. In this context, antioxidant activity is
considered an important parameter in pharmacological research because of its potential to
prevent cellular damage by reducing oxidative stress caused by reactive oxygen species.

In our study, it was aimed to determine the phytochemical contents and biological activities of
Phlomis lanceolata and Phlomis bruguieri species. Using the applied methods, the total phenolic
and flavonoid contents of plant extracts were determined as pyrocatechol and quercetin
equivalents, respectively. Antioxidant activities were evaluated using DPPH, ABTS, and
CUPRAC methods, while biological activities were investigated through acetylcholinesterase
(AChE), butyrylcholinesterase (BChE), tyrosinase, elastase, hyaluronidase, and collagenase
enzyme inhibition assays. The phytochemical contents of the plants were identified using LC-
HRMS analysis.

The total phenolic and flavonoid contents of the root extracts of both plants were generally
found to be higher than those of the aerial parts. The highest phenolic content (90.70£2.60 pg
PEs/mg extract) and the highest flavonoid content (51.19+£0.70 pg QEs/mg extract) were
determined. In antioxidant activity tests, especially the root extracts exhibited stronger activity

66



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

than the aerial part extracts, and among all extracts, the root extract of Phlomis lanceolata
showed the highest activity. The root extract of Phlomis lanceolata demonstrated the highest
activity in DPPH free radical scavenging (IC50: 17.71+1.00 pg/mL), ABTS cation radical
scavenging (IC50: 15.64+0.15 pg/mL), and CUPRAC reducing power assays (AO0.5:
14.77+0.19 pug/mL). In enzyme inhibition studies, the root extract of Phlomis bruguierii showed
higher activity in AChE inhibition (% inhibition: 46.994+0.29 pg/mL), while the aerial part
extract of Phlomis bruguierii exhibited higher activity in BChE enzyme inhibition (%
inhibition: 48.48+1.03 ng/mL). In anti-aging activity assays, the aerial part extract of Phlomis
lanceolata showed even better activity than the standard in collagenase enzyme inhibition.

When the phytochemical contents were examined, verbascoside (150.841 pg/mL) and
chlorogenic acid (43.888 pg/mL) were identified in the root extract of Phlomis bruguierii, while
verbascoside (394.29 pg/mL) and chlorogenic acid (145.568 mg/L) were determined in the root
extract of Phlomis lanceolata. In the aerial part extracts, hispidulin-7-glucoside (395.147 mg/L)
compounds were identified as the major components.

As aresult of our study, the root extracts of both plants exhibited strong antioxidant and enzyme
inhibitory activities due to their high phenolic and flavonoid contents. The results indicate that
these plants may be considered natural antioxidant sources. In future studies, the isolation and
characterization of the bioactive compounds responsible for these activities may reveal their
potential as natural pharmaceutical active agents.

Conclusion and Recommendations
Total phenolic and flavonoid content analyses showed notably high values, especially in some
extracts of Phlomis lanceolata and Phlomis brugierii. This finding was supported by the low

ICso values observed in DPPH and ABTS free radical scavenging tests,

Keywords: Phlomis lanceolata, Phlomis bruguierii, antioxidant, enzyme inhibition, phenolic
compounds
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Tiirkiye’nin aktif fay hatlari tizerinde yer almas1 ve gegmiste yasanan biiyiik dlgekli depremler,
afet sonrasi siireglerde kritik altyapi sistemlerinin siirdiiriilebilirliginin ne denli 6nemli
oldugunu ortaya koymaktadir. Ozellikle enerji altyapisinda meydana gelen hasarlar, yalnizca
elektrik arzinin kesintiye ugramasina neden olmamakta; ayn1 zamanda haberlesme sistemleri,
saglik hizmetleri, ulasim operasyonlar1 ve acil miidahale faaliyetleri lizerinde de ciddi etkiler
olusturmaktadir. Deprem sonrasi uzun siireli elektrik kesintileri, hastaneler, gecici barinma
alanlari, afet koordinasyon merkezleri ve iletisim altyapilar1 gibi kritik hizmet noktalarinin
islevselligini sinirlandirmakta ve afet yonetim siireclerini zorlastirmaktadir. Bu nedenle afet
sonrasi enerji siirekliliginin saglanmasina yonelik tasimabilir, strdiriilebilir ve hizh
uygulanabilir alternatif ¢oziimlere olan ihtiya¢ giderek artmaktadir.

Son yillarda elektrikli araglar (Electric Vehicles — EVs), yalnizca gevreci ulagim sistemlerinin
bir pargasi olarak degil, ayn1 zamanda yliksek kapasiteli bataryalar1 sayesinde mobil enerji
depolama ve enerji saglama sistemleri olarak da degerlendirilmeye baslanmistir. Batarya
teknolojilerindeki gelismeler ile birlikte elektrikli araclarin afet sonrasi siireclerde gegici enerji
kaynagi olarak kullanilabilecegi yoniindeki ¢alismalar hiz kazanmstir. Ozellikle aragtan yiike
(Vehicle-to-Load — V2L), aractan eve (Vehicle-to-Home — V2H) ve aragtan sebekeye (Vehicle-
to-Grid — V2G) teknolojileri sayesinde elektrikli araglar, yalnizca ulasim amaciyla degil, enerji
destegi saglayan ¢ok yonlil sistemler olarak da one ¢ikmaktadir. Bu teknolojiler araciligiyla
elektrikli ara¢ bataryalari; aydinlatma sistemleri, haberlesme ekipmanlari, saglik cihazlari,
temel evsel ihtiyaglar ve acil miidahale ekipmanlar1 i¢in enerji saglayabilmektedir. Boylece EV
sistemleri, afet sonrasi1 ilk miidahale ve iyilesme siireclerinde enerji dayanikliligini destekleyen
alternatif ¢oziimler arasinda degerlendirilmektedir.

Bu ¢alisma kapsaminda, deprem ve benzeri afetler sonrasinda elektrikli araglarin acil enerji
kaynagi olarak kullanimina ydnelik ulusal ve uluslararasi literatiiriin sistematik bi¢imde
incelenmesi amaglanmistir. Arastirma siirecinde elektrikli araclarin afet yOnetimi, enerji
stirekliligi ve enerji dayanikliligi baglaminda nasil degerlendirildigi; kullanilan teknolojik
altyapilar, uygulama senaryolari ve mevcut sistemlerin teknik sinirliliklar: ele alinmigtir. Ayrica
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farkli iilkelerde gergeklestirilen uygulama ornekleri incelenerek elektrikli araglarin afet sonrasi
stireclerdeki potansiyel katkilar1 degerlendirilmistir.

Literatiirde yer alan ¢alismalar, elektrikli araclarin 6zellikle afet sonrasi ilk saatlerde ve kritik
miidahale donemlerinde Onemli enerji destek sistemleri olarak kullanilabilecegini
gostermektedir. Huang vd. (2025), elektrikli araglarin mobil enerji kaynagi olarak kullanimini
degerlendirdigi ¢alismasinda “Electric Vehicle-Based Virtual Electricity Network (EVEN)”
yaklasimini ele almistir. Arastirmada, V2G ve V2V (Vehicle-to-Vehicle) teknolojileri
aracilifiyla elektrikli araglarin enerji stirekliligine katki saglayabilecegi ifade edilmistir.
Ozellikle mikro sebeke sistemleri ile entegre calisan EV tabanli enerji aglarinim, elektrik
kesintisi durumlarinda kritik enerji ihtiyacglarimi karsilayabilecek kapasiteye sahip oldugu
belirtilmistir. Calisma, elektrikli araglarin gelecegin akilli enerji sistemlerinde yalnizca tiiketici
degil, ayn1 zamanda enerji saglayic1 bilesenler olarak da degerlendirilebilecegini ortaya
koymaktadir. Benzer sekilde Babaei ve Wong (2025) tarafindan gerceklestirilen kapsamli
derleme ¢alismasinda, elektrikli araclarin afet, tahliye ve acil durum siireclerindeki kullanim
potansiyeli incelenmistir. Arastirmada EV bataryalarinin haberlesme sistemleri, saglik
ekipmanlar1 ve gecici barinma alanlar1 i¢in enerji destegi saglayabilecegi vurgulanmistir.
Ayrica calismada, afet sonrasinda enerji altyapisinin kismen devre dis1 kaldigi durumlarda
elektrikli araclarin toplumsal dayanikliligi artirabilecek destekleyici sistemler arasinda yer
aldig1 belirtilmigtir. Yamazaki vd. (2025) tarafindan gergeklestirilen ¢alismada ise dogal afet
kaynakli elektrik kesintilerinde elektrikli araclarin konutlara enerji saglama kapasitesi
degerlendirilmistir. Caligma kapsaminda V2H teknolojisinin, afet sonrasinda temel yasam
ihtiyaglarinin karsilanmasinda onemli rol oynayabilecegi ortaya konulmustur. Arastirma
sonuglari, kullanicilarin elektrikli araglar1 yalnizca ulagim araci olarak degil, ayn1 zamanda acil
durum enerji kaynagi olarak da degerlendirmeye basladigin1 géstermektedir. Xia vd. (2020)
tarafindan gerceklestirilen calismada ise asir1 hava olaylar1 ve afetler sonrasinda elektrikli
araglarin enerji sebekesi dayanikliligi iizerindeki etkileri analiz edilmistir. Arastirmada, EV
sistemlerinin enerji restorasyon siireglerine destek saglayarak sebekenin toparlanma siirecine
katkida bulunabilecegi ifade edilmistir. Ozellikle mikro sebeke sistemleri ile entegre calisan
elektrikli araglarin enerji arz giivenligi acisindan onemli avantajlar sundugu belirtilmistir.
Churchill (2023) tarafindan gerceklestirilen calismada, deprem sonrasi uzun siireli elektrik
kesintilerinde elektrikli araglarin mobil enerji destegi saglama kapasitesi modellenmistir.
Calisma kapsaminda, EV bataryalarinin saglik altyapilari, iletisim sistemleri ve afet
koordinasyon merkezleri i¢in gecici enerji kaynagi olarak kullanilabilecegi vurgulanmistir. Bu
arastirmalar, elektrikli araclarin afet sonrasi siireglerde enerji siirekliligini destekleyebilecek
onemli teknolojiler arasinda yer aldigin1 géstermektedir.

Akademik calismalarin yan sira gercek saha uygulamalari da literatiirde dikkat cekmektedir.
Ozellikle 2011 yilinda Japonya’da meydana gelen Tohoku Depremi ve Tsunamisi sonrasinda
Mitsubishi tarafindan gelistirilen “MiEV Power Box” sistemi (Mitsubishi Motors, 2012),
elektrikli araglarin afet sonrasi enerji destegi amaciyla kullanimina yonelik 6nemli 6rneklerden
biri olarak degerlendirilmektedir. Bu sistem sayesinde Mitsubishi i-MiEV model araglarin
bataryalar1 kullanilarak evsel cihazlara enerji saglanmis ve afet sonrasi siireclerde gecici enerji
destegi sunulmustur. Bu uygulama, elektrikli araglarin afet dayaniklilig1 stratejileri icerisinde
degerlendirilebilecegini gosteren dnemli saha orneklerinden biri olarak kabul edilmektedir.
Bununla birlikte literatiirde cesitli teknik ve operasyonel sinirliliklar da vurgulanmaktadir.
Elektrikli araclarin afet sonrasi siireglerde etkin bigimde kullanilabilmesi i¢in sarj altyapisinin
dayanikli olmasi, enerji yonetim sistemlerinin akilli sebekeler ile entegre ¢alismasi ve ¢ift yonlii
enerji aktarim teknolojilerinin yayginlastirilmas: gerekmektedir. Ayrica yollarin hasar gérmesi,
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iletisim altyapisindaki kesintiler ve enerji talebindeki ani artis gibi faktorlerin sistem
performansini olumsuz etkileyebilecegi belirtilmektedir. Bunun yaninda mevcut elektrikli arag
sayisinin bir¢ok iilkede halen sinirli olmasi ve V2G/V2H altyapilarinin yayginlagsma siirecinde
bulunmasi, uygulamalarin 6l¢eklenebilirligi agisindan 6nemli kisitlar olusturmaktadir.

Tiurkiye ozelinde degerlendirildiginde, elektrikli ara¢ kullanimindaki artisa ragmen afet
yonetimi siire¢lerinde bu araglarin enerji kaynagi olarak kullanimina yonelik ¢aligmalarin sinirl
oldugu goriilmektedir. Oysa Tiirkiye’nin deprem riski yiiksek bir iilke olmasi nedeniyle afet
sonrast enerji siirekliligine yonelik yenilik¢i ve siirdiiriilebilir ¢oztiimlerin gelistirilmesi biiyiik
Oonem tagimaktadir. Bu kapsamda elektrikli araclarin yalnizca ulasim sisteminin bir parcasi
olarak degil, ayn1 zamanda enerji giivenligi ve afet dayaniklilig1 stratejilerinin bileseni olarak
degerlendirilmesi gerekmektedir.

Sonug olarak bu ¢alisma, elektrikli araclarin afet sonrasi siireglerde mobil enerji kaynagi olarak
kullanimina iliskin mevcut bilgi birikimini sistematik bigimde ortaya koymay1 amaglamaktadir.
Gergeklestirilen literatiir incelemesi dogrultusunda mevcut ¢aligmalarin egilimleri, uygulama
alanlari, teknik gereksinimleri ve sinirlhiliklar1 degerlendirilerek gelecekte gerceklestirilecek
akademik caligmalar ve politika gelistirme siirecleri i¢in bir arastirma cergevesi olusturulmasi
hedeflenmektedir.

Anahtar Kelimeler: Elektrikli Araglar; Afet Yonetimi; Afet Sonrasi Enerji Arzi; Enerji
Dayanmikliligi; Elektrikli Ara¢ Batarya Sistemleri

ABSTRACT

Tirkiye’s location on active seismic fault lines and the large-scale earthquakes experienced
throughout its history clearly demonstrate the importance of maintaining the sustainability and
continuity of critical infrastructure systems during post-disaster periods. Damage to energy
infrastructure following earthquakes not only causes interruptions in electricity supply but also
severely affects communication networks, healthcare services, transportation operations, and
emergency response activities. Long-term power outages after disasters significantly limit the
functionality of hospitals, temporary shelters, disaster coordination centers, and communication
systems, thereby reducing the effectiveness of disaster management processes. Consequently,
there is an increasing need for portable, sustainable, and rapidly deployable alternative energy
solutions that can support energy continuity during emergency situations.

In recent years, electric vehicles (EVs) have emerged not only as environmentally sustainable
transportation systems but also as potential mobile energy storage and supply units due to
advancements in battery technologies. The increasing battery capacities of EVs and the
development of bidirectional energy transfer technologies have expanded their role beyond
mobility applications. In particular, Vehicle-to-Load (V2L), Vehicle-to-Home (V2H), and
Vehicle-to-Grid (V2G) technologies enable EVs to provide electricity to external systems
during emergency conditions. Through these technologies, EV batteries can support lighting
systems, communication devices, medical equipment, and other essential emergency
infrastructure during post-disaster periods. Consequently, EVs are increasingly being
considered as alternative energy support systems capable of enhancing resilience during
emergency response and recovery phases.
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This study aims to systematically examine the national and international literature focusing on
the use of electric vehicles as emergency energy sources following earthquakes and similar
disasters. Within this context, the study evaluates how EV technologies are addressed in relation
to disaster management, energy continuity, and infrastructure resilience. Furthermore, existing
technological frameworks, application scenarios, and operational limitations identified in
previous studies are analyzed in order to determine the current state of knowledge in the field.

The literature demonstrates that EVs can play a significant role in supporting energy continuity
during the critical hours immediately following disasters. Huang et al. (2025) investigated the
concept of an “Electric Vehicle-Based Virtual Electricity Network (EVEN)” and highlighted
the potential of V2G and Vehicle-to-Vehicle (V2V) technologies in improving energy
resilience during power outages. The study emphasized that EV-based energy systems
integrated with microgrid infrastructures can effectively supply electricity to critical facilities
during emergency conditions. The findings suggest that EVs may become integral components
of future smart energy systems, functioning not only as energy consumers but also as
decentralized energy providers. Similarly, Babaei and Wong (2025) conducted a
comprehensive review addressing the applications of EVs during emergencies, evacuations,
and disaster management processes. Their study emphasized that EV batteries can provide
temporary electricity for communication systems, medical equipment, and temporary shelter
facilities in post-disaster environments. In addition, the authors argued that EV technologies
have the potential to enhance community resilience when conventional energy infrastructure
becomes partially unavailable. Yamazaki et al. (2025) examined the use of EVs for household
energy supply during natural hazard-induced blackouts and demonstrated that V2H systems can
effectively support basic residential energy demands during emergency situations. The study
revealed that users increasingly perceive EVs not only as transportation tools but also as reliable
emergency energy resources. This finding indicates a growing shift toward integrating EV
technologies into broader resilience and disaster preparedness strategies. In another study, Xia
et al. (2020) evaluated the impacts of EV integration on power grid resilience under extreme
weather and disaster scenarios. Their research showed that EV systems could support power
restoration processes by supplying temporary energy to damaged grids and critical
infrastructures. The study also highlighted the advantages of integrating EV technologies with
microgrid systems to improve energy security and operational flexibility during emergency
conditions. Churchill (2023) focused specifically on earthquake-induced outages and modeled
the capacity of EVs to provide emergency energy support during long-term power interruptions.
The study demonstrated that EV batteries could function as temporary energy sources for
healthcare services, communication infrastructure, and emergency coordination centers. These
findings collectively indicate that EV technologies possess considerable potential to contribute
to post-disaster energy continuity and infrastructure resilience.

In addition to academic research, several real-world applications further demonstrate the
feasibility of using EVs during disaster response processes. One of the most notable examples
emerged after the 2011 Tohoku Earthquake and Tsunami in Japan. Following the disaster,
Mitsubishi developed the “MIEV Power Box” system (Mitsubishi Motors, 2012), which
enabled Mitsubishi i-MiEV vehicles to supply electricity to household devices and emergency
equipment through their onboard batteries. This application became one of the earliest practical
demonstrations of EV-based emergency energy supply systems and has since been frequently
referenced in disaster resilience literature.
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Despite the promising potential of EV technologies, the literature also identifies several
technical and operational limitations. Effective implementation of EV-based emergency energy
systems requires resilient charging infrastructure, smart grid integration, and the widespread
adoption of bidirectional charging technologies. In post-earthquake conditions, damaged road
networks, communication disruptions, and sudden increases in energy demand may negatively
affect system performance and operational efficiency. Furthermore, the relatively limited
number of EVs in many countries and the ongoing development of V2G and V2H
infrastructures present significant scalability challenges. Battery degradation, charging
optimization, and energy prioritization strategies are also identified as critical research topics
requiring further investigation.

From the perspective of Tiirkiye, although EV adoption has increased considerably in recent
years, studies examining the integration of EV technologies into disaster management and
emergency energy planning remain limited. Considering the country’s high seismic risk and
vulnerability to large-scale earthquakes, the development of innovative and sustainable energy
continuity strategies is of critical importance. In this regard, EVs should be evaluated not only
as components of transportation systems but also as strategic elements of energy security and
disaster resilience policies.

In conclusion, this study aims to provide a systematic overview of the existing literature
concerning the role of electric vehicles as emergency energy sources in post-disaster contexts.
By examining current applications, technological frameworks, operational challenges, and
future opportunities, the study seeks to contribute to the growing body of knowledge on disaster
resilience and sustainable energy systems. The findings are expected to support future academic
research, policy development processes, and the integration of EV technologies into disaster
preparedness and emergency energy management strategies.

Keywords: Electric Vehicles (EVs); Disaster Management, Post-Disaster Energy Supply;
Energy Resilience; EV Battery Systems
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Universite kampiisleri, giin igerisinde yogun ara¢ hareketliliginin gerceklestigi ve otopark
talebinin zamansal olarak ©Onemli degisimler gosterdigi ulasim sistemleri arasinda yer
almaktadir. Ozellikle akademik personel, idari personel, 6grenciler ve ziyaretgiler tarafindan
yogun olarak kullanilan kampilis otoparklarinda, mevcut kapasitenin etkin yonetimi
stirdiiriilebilir ulagim planlamasi agisindan biiyiikk onem tasimaktadir. Otopark alanlarinin
yetersiz planlanmasi veya mevcut kapasitenin verimsiz kullanilmasi; park yeri arama siiresinin
artmasina, kampiis i¢i trafik dolagiminin olumsuz etkilenmesine, yakit tiikketimi ve emisyonlarin
yiikselmesine neden olabilmektedir. Bu nedenle otopark kullanim davranislarinin detayl
bicimde incelenmesi ve veri temelli analizlerle mevcut durumun ortaya konulmasi
gerekmektedir.

Bu calismada, Dicle Universitesi Kampiisii (DUK) Miihendislik Fakiiltesi yerleskesinde
bulunan otopark alanlarinin kullanim performansi degerlendirilmis ve park talebi ile mevcut
kapasite arasindaki iligki veri tabanli bir yaklagimla analiz edilmistir. Caligmanin temel amaci,
kampiis icerisinde yer alan otopark alanlarinin farkli zaman dilimlerindeki kullanim diizeylerini
belirlemek, doluluk oranlarini ortaya koymak ve elde edilen sonuglari karar vericilere destek
saglayacak sekilde analiz etmektir. Arastirma kapsaminda dncelikle calisma alaninda yer alan
otoparklarin fiziksel 6zellikleri, kapasite degerleri ve kullanim karakteristikleri belirlenmistir.
Daha sonra belirli glin ve saat araliklarinda gercgeklestirilen sistematik saha gozlemleri ile arag
sayimlar1 yapilmistir. Veri toplama siirecinde otoparklara giris-¢ikis yapan arag sayilari, mevcut
park eden arag sayilar1 ve doluluk durumlari diizenli araliklarla kayit altina alinmistir. Boylece
otopark kullaniminin giin i¢erisindeki zamansal degisimini ortaya koyabilecek kapsamli bir veri
seti olusturulmustur. Elde edilen verilerin hizli, giivenilir ve etkin bigimde analiz edilmesi
amaciyla Python programlama dili kullanilarak “Parking Analysis System (PARKAS)” isimli
bir yazilim gelistirilmistir. Gelistirilen yazilim, saha verilerinin dijital ortama aktarilmasi,
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otomatik olarak islenmesi ve ¢esitli performans gostergelerinin hesaplanmasini1 saglayan bir
karar destek sistemi olarak tasarlanmistir. PARKAS yazilim1 sayesinde otopark doluluk
oranlari, kapasite kullanim seviyeleri, maksimum ve minimum kullanim degerleri ile zamansal
degisim egilimleri otomatik olarak hesaplanabilmektedir. Ayrica yazilim biinyesinde
gelistirilen gorsellestirme modiilleri araciligiyla grafikler, tablo ¢iktilar1 ve karsilastirmali
analizler {iretilebilmektedir.

Analiz sonuglar1, kampiis igerisindeki otopark kullaniminin giiniin farkli saatlerinde énemli
degiskenlikler gosterdigini ortaya koymustur. Ozellikle ders baslangi¢ ve bitis saatlerine
karsilik gelen pik donemlerde otopark doluluk oranlarinin kritik seviyelere ulagtifi ve bazi
alanlarda mevcut kapasitenin yetersiz kaldigi belirlenmistir. Buna karsilik gilinlin belirli
saatlerinde otopark kapasitesinin énemli bir boliimiiniin kullanilmadig1 ve kapasite kullanim
oranlarinda dengesizlikler bulundugu gozlemlenmistir. Bu durum, mevcut otopark altyapisinin
yalnizca kapasite agisindan degil, ayn1 zamanda isletme ve yOnetim stratejileri agisindan da
degerlendirilmesi gerektigini gostermektedir. Gelistirilen PARKAS yazilimi, manuel veri
isleme siireglerinde karsilasilan zaman kayiplarint 6nemli 6l¢iide azaltmis ve analizlerin
standart bir yontemle gerceklestirilmesine olanak saglamistir. Geleneksel yontemlerle uzun
siirede gerceklestirilebilecek hesaplamalar ve raporlamalar, yazilim araciligiyla kisa siirede
tamamlanabilmis; bdylece karar verme siirecleri i¢in daha hizli ve giivenilir ¢iktilar elde
edilmistir. Ayrica kullanici dostu ara yiizii sayesinde farkli kullanici gruplarinin da sistemi etkin
sekilde kullanabilmesi hedeflenmistir.

Calisma sonuglari, kampiis otoparklarimin mevcut kullanim durumunun anlagilmast ve
gelecekte gerceklestirilecek kapasite artirimi, talep yoOnetimi ve siirdiiriilebilir ulagim
planlamasi caligmalarina katki saglayabilecek 6nemli bulgular sunmaktadir. Bunun yaninda
gelistirilen PARKAS yazilimimin yalnizca {lniversite kampiislerinde degil, kamu kurumlari,
hastaneler, aligveris merkezleri ve diger kentsel otopark alanlarinda da uygulanabilecek esnek
bir yapiya sahip oldugu degerlendirilmektedir. Sonu¢ olarak c¢aligma, veri temelli otopark
yonetimi yaklagimlarinin 6nemini ortaya koymakta ve Python tabanl karar destek sistemlerinin
otopark planlama ve isletme siire¢lerinde etkin bir ara¢ olarak kullanilabilecegini
gostermektedir.

Anahtar Kelimeler: Parklanma; Otopark Problemi; PARKAS; Otopark Doluluk Orani

ABSTRACT

University campuses are transportation environments characterized by intensive vehicular
activity and fluctuating parking demand throughout the day. Campus parking facilities are
extensively used by academic staff, administrative personnel, students, and visitors, making the
efficient management of available parking capacity a critical component of sustainable
transportation planning. Inadequate parking provision or inefficient utilization of existing
parking resources may lead to increased parking search times, adverse impacts on internal
traffic circulation, higher fuel consumption, and increased vehicle emissions. Therefore,
understanding parking utilization patterns through data-driven approaches is essential for
improving parking management and supporting informed decision-making processes.
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This study evaluates the performance of parking facilities located within the Faculty of
Engineering campus of Dicle University and investigates the relationship between parking
demand and available parking capacity using a data-driven analytical framework. The primary
objective is to determine parking occupancy levels at different times of the day, identify
temporal variations in parking demand, and provide actionable insights for campus
transportation planning and management. The study began with the identification and
assessment of the physical characteristics, capacities, and operational features of the parking
areas within the study site. Subsequently, systematic field observations and vehicle counts were
conducted during selected days and time periods. Data collection activities included recording
the number of parked vehicles, vehicle arrivals and departures, and parking occupancy levels
at regular intervals. This process resulted in the development of a comprehensive dataset
capable of capturing the temporal dynamics of parking utilization throughout the day. To
facilitate the rapid, reliable, and efficient analysis of the collected data, a Python-based software
application named Parking Analysis System (PARKAS) was developed. The software was
designed as a decision-support tool capable of importing field data, automatically processing
observations, and generating various parking performance indicators. Through PARKAS,
parking occupancy rates, capacity utilization levels, maximum and minimum occupancy values,
and temporal variation trends can be calculated automatically. In addition, the software includes
visualization modules that generate graphs, tables, and comparative analytical outputs, enabling
users to interpret parking patterns more effectively.

The analysis results revealed significant temporal variations in parking utilization across the
campus. Occupancy rates were observed to increase substantially during peak periods
corresponding to the beginning and end of class sessions, with some parking facilities
approaching or exceeding their effective operational capacity. In contrast, considerable portions
of the available parking capacity remained underutilized during certain periods of the day.
These findings indicate that parking-related challenges on campus are not solely associated with
capacity shortages but are also linked to parking management and operational strategies.
Furthermore, the PARKAS software significantly reduced the time required for data processing
and analysis compared with conventional manual methods. Calculations and reporting
procedures that would normally require extensive effort were completed rapidly through
automated workflows, providing faster and more reliable outputs for decision-makers. The
software was also designed with a user-friendly interface, allowing different stakeholder groups
to efficiently utilize the system for monitoring and evaluating parking performance.

The findings of this study provide valuable insights into existing parking utilization patterns
and contribute to future parking management, demand management, and sustainable mobility
initiatives within university campuses. Moreover, the flexible structure of PARKAS enables its
adaptation to various urban parking environments, including public institutions, hospitals,
shopping centers, and other activity centers. Overall, the study highlights the importance of
data-driven parking management approaches and demonstrates the potential of Python-based
decision-support systems to improve parking planning, operation, and policy development
processes in both campus and urban contexts.

Keywords: Parking; Parking Problem; PARKAS; Parking Occupancy Rate
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ABSTRACT

University campuses are complex environments that accommodate a diverse range of users,
including students, academic staff, administrative personnel, and visitors. While campus
transportation and pedestrian planning studies generally focus on the needs and travel behavior
of regular users, the experiences of guest pedestrians often receive limited attention. Visitors
represent a unique user group because they typically have limited familiarity with the campus
layout, circulation system, and spatial organization. As a result, they may encounter challenges
related to navigation, accessibility, safety perception, and overall mobility. Understanding the
needs and experiences of guest pedestrians is therefore essential for creating inclusive, user-
friendly, and accessible campus environments.

Dicle University Campus (DUC), one of the largest university campuses in southeastern
Tiirkiye, attracts a substantial number of visitors for academic, administrative, healthcare,
cultural, and social purposes. The large physical size of the campus, combined with the
dispersed location of buildings and facilities, creates mobility challenges for individuals who
are unfamiliar with the environment. In many cases, visitors must navigate complex pedestrian
networks, locate unfamiliar destinations, and interact with both vehicular and pedestrian traffic
systems. Despite the importance of these issues, limited research has examined how guest
pedestrians experience campus environments and which factors influence their mobility and
satisfaction. This study aims to investigate the travel behavior and perceptions of guest
pedestrians visiting DUC and to evaluate the influence of environmental characteristics,
accessibility conditions, and safety-related factors on their overall pedestrian experience.
Unlike studies focusing primarily on infrastructure performance, this research adopts a user-
centered perspective by examining how visitors perceive and interact with the campus
environment. The study seeks to identify major barriers affecting visitor mobility and to provide
insights that can support the development of more accessible and pedestrian-friendly campus
environments. A mixed-method approach was employed, combining field observations and
questionnaire surveys. In the first stage of the research, systematic observations were conducted
at various locations throughout the campus to identify pedestrian movement patterns, visitor
concentrations, route preferences, and areas where navigation difficulties frequently occur.
Special attention was given to major activity centers, faculty buildings, campus entrances,
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administrative facilities, and high-demand pedestrian corridors. Observational findings
provided important information regarding pedestrian flow characteristics and physical
conditions influencing visitor movement. The second stage consisted of questionnaire surveys
administered to guest pedestrians visiting the campus for different purposes. The survey
examined several aspects of visitor experience, including trip purpose, frequency of campus
visits, ease of navigation, perceptions of pedestrian infrastructure, safety evaluations, and
overall satisfaction with the campus environment. Additional questions explored difficulties
encountered during wayfinding, interactions with vehicular traffic, and perceptions of
environmental quality. The collected responses were analyzed to identify common concerns
and factors influencing visitor experiences.

The findings reveal that wayfinding represents one of the most significant challenges faced by
guest pedestrians. A substantial proportion of participants reported experiencing difficulties
locating buildings, offices, and service facilities, particularly during their first visit to the
campus. The limited availability of directional signs, inconsistent information systems, and
insufficient orientation aids were identified as major contributors to these difficulties. Many
respondents indicated that they frequently needed to ask other individuals for directions,
suggesting that the existing wayfinding system does not adequately support visitor navigation.
The study also highlights several issues related to pedestrian infrastructure quality. In some
areas, sidewalks were found to be narrow, discontinuous, or inadequately maintained, reducing
overall walkability and pedestrian comfort. Physical barriers and accessibility limitations were
observed to create additional challenges for certain user groups. Furthermore, pedestrian
circulation routes were not always clearly defined, resulting in conflicts between pedestrians
and vehicles in several locations. These interactions were particularly evident near faculty
buildings, parking areas, and campus entrances where pedestrian and vehicular activities are
concentrated. Safety perception emerged as another important factor affecting visitor
experiences. Survey responses indicated that insufficient lighting conditions in certain parts of
the campus reduce perceived security, particularly during evening hours. In addition, vehicle—
pedestrian conflicts and high traffic activity in specific locations contribute to concerns
regarding personal safety. These findings suggest that improvements in both physical
infrastructure and traffic management practices are necessary to create a safer environment for
campus visitors. Despite these challenges, respondents generally expressed positive opinions
regarding the campus’s environmental quality. Green spaces, landscaped areas, and open
recreational environments were frequently cited as attractive features that enhance the overall
campus experience. However, participants emphasized that these spaces should be better
connected to pedestrian routes and campus destinations to maximize their accessibility and
usability. Strengthening the integration between environmental amenities and pedestrian
infrastructure could further improve visitor satisfaction and encourage walking as a primary
mode of movement within the campus.

Overall, the study demonstrates that visitor experiences are influenced by a combination of
navigation, accessibility, infrastructure quality, and safety-related factors. The findings
emphasize the importance of considering guest pedestrians as a distinct user group in campus
planning and design processes. Enhancing wayfinding systems, improving pedestrian
infrastructure, upgrading lighting conditions, and reducing vehicle—pedestrian conflicts can
significantly improve campus accessibility and user satisfaction. The research contributes to the
growing body of knowledge on campus mobility by highlighting the often-overlooked
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experiences of visitors and providing practical recommendations for developing more inclusive,
safe, and user-oriented university environments.

Keywords: Pedestrian behavior, campus experience, environmental factors, safety,; walkability
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Tiirkiye; Avrupa ve Asya anakaralarinin arasinda gecis alani olmasi, farkli iklim tiplerinin
goriilmesi, ¢ floristik bolgenin kesisiminde bulunmasi, ii¢ tarafinin denizlerle kapli olmasi ve
engebeli yeryiizli bigimlerinin bir sonucu olarak bitki tiirlerinin bollugu bakimindan diinyanin
zengin llkeleri arasindan yer alir. Orkidegiller (Orchidaceae) familyasi, 850 cins dahil olmak
tizere, tlir bakimindan diinya genelinde en zengin familyalardan biridir. Tiirkiye fitocografyasi
bitki cesitliligi acgisindan olduk¢a zengindir. Orkideler Antarktika ve ¢oller disinda tiim
kitalarda yayilis gosterirler. Terrestriallerden epifitiklere kadar cesitli hayat formlarina
sahiptirler. Deniz seviyesinden baslayarak 5.000 metre yiikseklige kadar olan rakimlarda yagam
alan1 bulabilmektedir ve 80 milyon gibi hatir1 sayilir bir gegmise sahip olmasiyla da tohumlu
bitkilerin en yaglisidir. Tiirkiye'de, Orchidaceae familyasindan Aceras, Anacamptis, Barlia,
Comperia, Dactylorhiza, Himantoglossum, Neotinea, Ophrys, Orchis ve Serapias cinslerine ait
yaklagsik 120 tiir yumrulu orkide, salep tiretiminde kullanilmaktadir.

Anadolu fitocografyasi cografi 6zelliklerin bir getirisi olan ekolojik fakliliklarla ¢cok sayida
salep tiirline ev sahipligi yapmaktadir ve bu tiirlerin 6nemli bir kism1 (%85) yumruludur.
Gilineydogu Anadolu Bolgesinde yetisen salep tiirleri de terrestial orkide grubuna girmektedir.
Bu tiirler, Orchis anatolica, Orchis sancta, Serapias vomeracea, Himontoglassum spp.
tiirleridir. Bu tiirler son zamanlarda dogadan kacak olarak sokiilmektedir. Bunun dniine gegmek
icin en etkili yolu bu tiirlerin kiiltiire alinmasindan gegmektedir. Yaklasik 25 y11 (2000’11 yillarin
basindan beri) Giineydogu Anadolu Bolgesi illerinde yapilan flora ¢alismalarinda ¢ok sayida
salep tiirii kayit altina alinmistir. Bu tiir ¢esitliligine yansiyan bir liretim s6z konusu degildir.
Son yillarda halk arasinda sicak icecek olarak kullanimi yaninda tibbi kullanimi olan bu tiirlere
bliyiik bir ilgi duyulmaktadir. Salep tiirleri, “Nesli Tehlike Altinda Olan Yabani Hayvan ve
Bitki Tiirlerinin Uluslararasi Ticaretine Iliskin S6zlesme” (CITES) kapsaminda yer almaktadir.
Bu bitkilerin yumru ve islenmis iirlinlerinin (toz, tablet gibi) ihracati yasaklanmistir. Salebin
kalitesi, biiyiik ol¢lide elde edildigi orkide tiiriine bagli olarak degisen kimyasal igerigine,
ozellikle de glikomannan miktarina baghdir. Salep, tiiriine gore yaklasik olarak %7-61
glikomannan, %8-19 nisasta, %0,5-1,5 azotlu bilesikler, %0,2-6 kiil (K.M bazinda), %1-4 seker
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) le kumlu killi-tin veya killi-tin dokulu oldugu, kire¢ oraninin ¢ogunlukla diisiikk ve
toprak pH’siin genellikle hafif alkali seviyede bulundugu saptanmistir. Ayrica topraklar azot
bakimindan fakir, bitkinin kullanabilecegi fosfor agisindan zengin, degisebilir potasyum igerigi
ise yeterli ve yiiksek diizeydedir.

Bu calisma; 2024-2025 yillar1 arasinda Dicle Universitesi Ziraat Fakiiltesi Tarla Bitkileri
Boliimi, Tibbi Aromatik Bitkiler serasinda yiiriitilmiistiir. Calismada ticari olarak iiretimi
yapilan Anacamptis fragrans ve Anacamptis sancta tiirlerinin farkli giibre formlar1 kullanarak
acitk sera ortaminda iiretim potansiyeli arastirilmigtir. Bu tilirlere ait yumrular lisansh
iireticilerden temin edilmistir. Denemede kullanilan saksi topragi 1/3 kirmizi toprak, 1/3 kum
ve 1/3 oraninda ¢iftlik giibresinden olusturulmustur. Deneme agik sera kosullarinda, béliinen
boliinmiis parseller deneme desenine gore kurulmustur. Ana parselleri salep tiirleri, alt
parselleri glibre formlar1 [(kontrol (uygulama yapilmamig), humik asit, NP, NK, Mikoriza
(bakteriyel) ve mikoriza (fungus)], alt-alt parselleri ise uygulama sekli (yapraktan-topraktan)
olusturmustur. Calismada yaprak genisligi, yaprak uzunlugu, yaprak sayisi, bitki boyu, yumru
sayist, yumru ¢ap1 ve yumru agirligi 6zellikleri incelenmistir. Arastirmadan elde edilen veriler
tesadiif parsellerinde boliinen boliinmiis parseller deneme desenine gore JMP-Prol7 istatistiki
paket programinda analiz edilmistir. Ortalamalar arasindaki farkliliklar LSD (0.05) testine gore
gruplandirilmistir.

Anacamptis fragrans tiriniin A. sancta tirine gore daha erkenci oldugu gozlenmistir.
Ciceklenme sirasi ile 4. fragrans tiiriinde 15 Nisan tarihinde, 4. sancta tiiriinde ise 28 Nisan
tarihinde meydana gelmistir. Yumru hasadi her iki tiirde de ¢igeklenme doneminde yapilmistir.
Tiirlerin yaprak genisligi degerleri 1,51-1,75 cm arasinda, yaprak uzunlugu 12,044-12,642 cm
arasinda, bitki boyu 20,316-22,208 cm, yaprak sayis1 7,8-8,22 adet/bitki arasinda, yumru sayist
2,15-2,16 adet/bitki arasinda, yumru ¢ap1 1,684-1,930 cm arasinda ve yumru agirligi degerleri
2,85-3,25 g arasinda degismistir. Gilibre uygulamalar1t arasinda mikoriza (fungus)
uygulamasindan 24,14 cm ile en yliksek, humus uygulamasindan ise 16,92 cm ile en diisiik bitki
boyu degeri elde edilmistir. En yiiksek yumru sayist mikoriza uygulamasindan ortalama 2
adet/bitki, diger uygulamalardan ise 1 adet/bitki olarak elde edilmistir. Yumru agirlig
bakimindan topraktan ve yapraktan yapilan uygulamalarda benzer sonuclar (3,25 g) elde
edilmistir. Salep bitkisinde yaprak boyutlarinin yiiksek olmasi ile liretilen asimilatlar arasinda
pozitif iligki bulunmaktadir. Bu durum daha iri yumru olusumuna katki saglamaktadir.

Salep son yillarda olduk¢a popiiler olan bitkilerden biridir. Bitkiden tretilen salep tozunun
ekonomik degeri oldukca yiiksektir. Bitkinin tohumdan iretilememesi ve yavru yumru
veriminin sinirli olmasi (2-3 adet/bitki) en 6nemli dezavantaj olarak goriilmektedir. Yapilacak
doku kiiltliri ¢alismalart ile hizli liretim amagli protokollerin gelistirilmesine ihtiya¢ vardir.
Salebin bircok tiirii bolgemiz florasinda yayilis gostermektedir. Bununla birlikte, kiiltiirti
yapilacak tiirlerin yumru verimi ve kalitesinin yiiksek olmasi istenmektedir. Bu nedenle uygun
tiir tespiti i¢in agronomik ve analitik (glikomannan igerigi) caligmalara ihtiya¢ duyulmaktadir.
Salep tiirlerinin kiiltiire alinmasi ve kiiltiiriiniin yayginlasmas1 ile dogadan yapilan kagak
sOkiimlerin azalmasi sonucu doga lizerindeki toplama baskisi da azalacaktir. Elde edilen
sonuclar 1s18inda adaptasyon yetenegi ve yumru verimi bakimindan yiiksek verimli tiirlerin
dikkate alinmas1 onerilmektedir.

Anahtar Kelimeler: Anacamptis fragrance; Anacamptis sancta, A¢ik sera; Agronomy,; Yumru
verimi
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ABSTRACT

Tirkiye is among the world’s richest countries in terms of plant species diversity due to its
location as a transitional zone between the European and Asian continents, the presence of
diverse climate types, the intersection of three floristic regions, its being surrounded by seas on
three sides, and its rugged topography. The family Orchidaceae, comprising approximately 850
genera, is one of the richest plant families worldwide in terms of species diversity. The
phytogeography of Tiirkiye is highly rich in plant diversity. Orchids are distributed across all
continents except Antarctica and deserts. They exhibit various life forms ranging from
terrestrial to epiphytic species. They can inhabit elevations from sea level up to 5,000 meters
and are considered among the oldest seed plants, with an evolutionary history dating back
approximately 80 million years. In Tiirkiye, nearly 120 tuberous orchid species belonging to
the genera Aceras, Anacamptis, Barlia, Comperia, Dactylorhiza, Himantoglossum, Neotinea,
Ophrys, Orchis, and Serapias within the Orchidaceae family are utilized for salep production.
Numerous salep orchid species are naturally distributed within the flora of our region. However,
these species have recently been subjected to illegal collection from their natural habitats. The
most effective way to prevent this destruction is through their cultivation under controlled
conditions.

This study investigated the production potential of commercially produced Anacamptis
fragrance and Anacamptis sancta species in an open greenhouse environment using different
fertilizer forms. Tubers of these species were obtained from licensed producers. The experiment
was established in an open greenhouse under a split-plot experimental design. The main plots
consisted of salep species, the subplots consisted of fertilizer forms [(control (untreated), humic
acid, NP, NK, mycorrhiza (bacterial) and mycorrhiza (fungal)], and the sub-subplots consisted
of application methods (foliar and soil application). Leaf width, leaf length, plant height,
number of leaves, number of tubers, tuber diameter, and tuber weight were examined in the
study. Leaf width values ranged from 1,51-1,75 cm, leaf length from 12,044-12,642 cm, plant
height from 20,316-22,208 cm, number of leaves from 7,8-8,22 leaves/plant, number of tubers
from 2,15-2,16 tubers/plant, tuber diameter from 1,684-1,930 cm, and tuber weight from 2,85-
3,25 g. Among fertilizer applications, the highest plant height was obtained with mycorrhiza
(fungus) application at 24,14 cm, while the lowest was obtained with humus application at
16,92 cm. The highest number of tubers was obtained with mycorrhiza application, averaging
2 tubers/plant, and with other applications, 1 tuber/plant. Similar results (3,25 g) were obtained
in terms of tuber weight with soil and foliar applications. In light of the results obtained, it is
recommended to consider high-yielding varieties in terms of adaptability and tuber yield.

Keywords: Anacamptis fragrance; Anacamptis sancta, Open greenhouse; Agronomy, Tuber

yield
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ABSTRACT

This study focuses on the fundamental role of eigenvalues and eigenvectors in the analysis of
structured matrices, with particular emphasis on anti-tridiagonal matrices. Eigenvalues and
eigenvectors are central concepts in linear algebra and play a key role in understanding the
structural and spectral properties of matrices. They are widely used in many areas of applied
mathematics, including numerical analysis, vibration analysis, stability theory, and the solution
of linear systems. The main aim of this study is to present a clear and systematic framework for
determining and interpreting the eigenvalues and eigenvectors of anti-tridiagonal matrices.

The scope of the study includes several classes of anti-tridiagonal matrices, such as real
symmetric matrices, bisymmetric matrices, and certain complex matrix forms. These matrices
exhibit specific structural properties that allow for analytical simplifications in the spectral
analysis. In particular, bisymmetric matrices, which are symmetric with respect to both the main
diagonal and the anti-diagonal, play an important role in this study. This structure enables the
decomposition of the matrix into smaller submatrices, which simplifies the computation of
eigenvalues and eigenvectors. The importance of this study lies in the fact that structured
matrices frequently appear in scientific and engineering applications, and a deeper
understanding of their spectral properties provides both theoretical insight and computational
advantages.

The methodology of the study is based on the direct analysis of eigenvalue problems associated
with anti-tridiagonal matrices. Specifically, the eigenvalue equation Ax=Ax is examined by
exploiting the structural properties of the matrix. For matrices of even order, the bisymmetric
structure is used to decompose the problem into smaller symmetric systems. This approach
allows the eigenvalues to be determined explicitly in terms of trigonometric expressions,
particularly cosine functions. The corresponding eigenvectors are derived in terms of sine
functions, which form an orthogonal system. This orthogonality property is essential for
understanding the geometric interpretation of eigenvectors and their role in matrix
transformations.
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For more general cases, including complex anti-tridiagonal matrices, the study employs special
functions such as Chebyshev polynomials to express eigenvalues and eigenvectors in a compact
and unified form. These polynomials provide a powerful tool for describing spectral properties,
especially when dealing with parameter-dependent matrices. The use of Chebyshev
polynomials not only simplifies the analytical expressions but also reveals deeper connections
between matrix theory and classical approximation theory.

The findings of the study demonstrate that the eigenvalues of anti-tridiagonal matrices can be
expressed in closed form using trigonometric or polynomial-based representations, depending
on the structure of the matrix. Similarly, the eigenvectors can be constructed explicitly and
exhibit regular patterns that reflect the underlying symmetry of the matrix. These results
provide a comprehensive understanding of the spectral behavior of anti-tridiagonal matrices. In
addition, the study highlights that the spectral decomposition of such matrices is closely related
to well-known mathematical structures, including orthogonal function systems and special
polynomial families.

In conclusion, eigenvalues and eigenvectors serve as powerful tools for analyzing the structure
and behavior of anti-tridiagonal matrices. By exploiting matrix symmetries and employing
analytical techniques such as trigonometric representations and Chebyshev polynomials, it is
possible to obtain explicit and interpretable results. The framework presented in this study
contributes to a deeper understanding of structured matrices and offers valuable insights for
both theoretical investigations and practical applications. Future research may extend these
methods to broader classes of structured matrices and explore their implications in advanced
areas of applied mathematics and engineering.

Keywords: Eigenvalues, Eigenvectors, Anti-tridiagonal matrices, Chebyshev polynomials.
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ABSTRACT

This study focuses on the computation of integer powers of structured matrices, with particular
emphasis on anti-tridiagonal matrices. Matrix powers play a fundamental role in many areas of
applied mathematics, including the solution of difference equations, discrete dynamical
systems, numerical simulations, and iterative processes. In many practical applications, it is
necessary to compute high powers of matrices efficiently. However, direct computation through
repeated matrix multiplication is often computationally expensive and impractical, especially
for large-scale problems. Therefore, the development of efficient and explicit methods for
computing matrix powers has become an important research topic.

The aim of this study is to present a systematic and unified framework for computing arbitrary
integer powers of anti-tridiagonal matrices by exploiting their structural properties. The scope
includes several classes of such matrices, including real symmetric, bisymmetric, and complex
anti-tridiagonal matrices. These matrices possess special patterns of nonzero entries located
along the anti-diagonal and its neighboring diagonals. Due to these structural characteristics,
they allow analytical simplifications that significantly reduce computational complexity.

The methodology of the study is based on analytical representations of matrix powers rather
than direct computation. In particular, structural transformations and matrix decompositions are
utilized to derive explicit formulas for the entries of matrix powers. One important approach
involves relating anti-tridiagonal matrices to tridiagonal matrices through permutation matrices,
which allows the use of known results for tridiagonal systems. In addition, spectral
decomposition techniques are employed to transform the matrix into a diagonal form, where
the computation of powers becomes straightforward. Once this representation is obtained, the
matrix power can be expressed in terms of powers of scalar quantities, avoiding repeated
multiplication.

Furthermore, the study makes use of trigonometric representations and special functions to
obtain closed-form expressions for matrix entries. For matrices of even order, trigonometric
expressions involving sine and cosine functions are used to represent the elements of matrix
powers. These representations arise naturally from the structural properties of the matrices and
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lead to compact and efficient formulas. For more general cases, particularly complex anti-
tridiagonal matrices, Chebyshev polynomials are employed as a powerful tool for deriving
explicit expressions. These polynomials provide a unified framework that captures the behavior
of matrix powers in a concise and structured manner.

The findings of the study show that the entries of the r-th power of anti-tridiagonal matrices can
be expressed as finite sums involving scalar powers and special functions. These formulas are
valid for both even and odd matrix orders and provide a clear description of the structure of
matrix powers. Compared to direct computation, the proposed methods significantly reduce
computational cost and improve efficiency. Moreover, the explicit nature of the formulas offers
deeper insight into the behavior of matrix powers and their dependence on matrix parameters.

In addition to computational advantages, the results also reveal connections between matrix
powers and other mathematical structures. In particular, certain formulations lead to
relationships with well-known sequences and polynomial families, highlighting the interplay
between matrix theory and classical mathematical analysis. These connections further
demonstrate the richness of structured matrix analysis and its relevance in different areas of
mathematics.

In conclusion, this study demonstrates that the computation of integer powers of anti-tridiagonal
matrices can be significantly simplified by exploiting their structural properties and using
analytical techniques. The derived formulas provide both theoretical insight and practical
efficiency, making them suitable for a wide range of applications in applied mathematics and
engineering. Future work may focus on extending these methods to other types of structured
matrices and developing more efficient algorithms for large-scale computations.

Keywords: Eigenvalues, Eigenvectors, Anti-tridiagonal matrices, Chebyshev polynomials.
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Univalent Fonksiyonlar Teorisi, tek degiskenli kompleks analizin en giizel konularindan biridir.
Birim disk tizerindeki normalize edilmis iinivalent fonksiyonlar sinifi olan S’ye ait ekstremum
problemlerini ele alan pek ¢ok dikkate deger teorem vardir. Bunlar arasinda 1985 yilinda L. de
Branges tarafindan ¢oziilen Bieberbach tahmininden, geometrik 6zellikleri inceleyen pek ¢ok
teoreme kadar cesitli Ornekler yer almaktadir. Bu problemleri incelemek icin c¢ok cesitli
yontemler gelistirilmistir.

Univalent fonksiyonlar teorisinde, birim disk {izerinde analitik ve normalize edilmis
fonksiyonlarin olusturdugu smif A ile gosterilirken, bu smif i¢cinde yer alan ve {linivalent olan
fonksiyonlar S sinifin1 olusturmaktadir. Konveks ve yildizil fonksiyonlar ise S sinifinin énemli
alt smiflart olup, birim diskin goriintiisiiniin geometrik ozellikleri ile tanimlanmaktadir.
Zamanla caligmalar, konvekse yakin ve yildizila yakin fonksiyonlar gibi diger alt siniflara
dogru genislemistir.

Univalent fonksiyonlar teorisinde, fonksiyonlarm katsayr smirlarmin  bulunmasi, bu
katsayilarin farklari, Fekete-Szegd fonksiyoneli gibi katsayilar arasindaki baZintilarin ele
alinmasi ve ¢6ziilmesi 6nemli bir yere sahiptir. Son yillarda ise, S sinifi ve onun bazi 6nemli alt
smiflarina ait fonksiyonlarin ters katsayilari iizerine yapilan caligmalar artmis ve yeni
yaklagimlar gelistirilmistir.

Bu calismada, birim disk iizerinde taniml1 yildizila yakin fonksiyon siniflar1 ele alinmistir. Bu

smiflar i¢in ardisik ters katsayilar arasindaki fark problemi incelenmis ve bunlarin modiilleri
i¢in alt ve iist sinirlar elde edilmistir.
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Tanim (Kompleks Fonksiyon)

Kompleks fonksiyon tanim kiimesi ve goriintii kiimesi C'nin alt kiimeleri olan bir
fonksiyondur. Daha matematiksel bir ifadeyle, A # @ ve A € C olmak iizere A'nin her
bir z elemanina bir w € C sayisi1 karsilik getiren bir kuraldir. Bir kompleks fonksiyon

f:A->C, f(2)=w
seklinde gosterilir.

Tanim (Analitiklik)

A c C olmak tizere f: A — C fonksiyonu z; noktasinda ve bu noktanin uygun bir
komsulugundaki her noktada diferansiyellenebiliyorsa f fonksiyonuna z; noktasinda analitik
fonksiyon denir.

Eger f fonksiyonu z; noktasinda analitik degilse, bu nokta fonksiyonun singtiler
(tekil) noktas: olarak adlandirilir.

Teorem (Maksimum Modiil Teoremi)

f fonksiyonu, B € C bdlgesinde sabit olmayan analitik bir fonksiyon olsun. Bu
durumda |f(z)|, B bolgesinin higbir i¢ noktasinda maksimum degerini almaz.

Maksimum modiil prensibinin uygulamalarda daha kullanish olan baska bir ifadesi asagidaki
sekilde verilir:

B < C smirh bir bolge ve f fonksiyonu bu bolgenin sinirinda siirekli i¢inde ise analitik ise, o
zaman |f (z)| maksimum degerini B bolgesinin sinirinda alir.

Teorem(Minimum Modiil Prensibi)
f fonksiyonu B c C bdlgesinde sabit olmayan bir fonksiyon ve B bolgesindeki her z noktasi
i¢in f(z) # 0 olsun. Bu durumda |f (z)|, B bolgesinde minimum deger alamaz.

Tamm (Univalent Fonksiyon)

Kompleks diizlemin B alt kiimesi lizerinde taniml1 bir f fonksiyonu, tanim kiimesindeki
birbirinden farkli z degerlerini birbirinden farkli goriintii degerlerine gonderiyorsa, bu
fonksiyonun B bolgesinde iinivalent oldugu soylenir. Bagka bir ifadeyle, bu tanim asagidaki
sekilde de ifade edilebilir:

f:B — C fonksiyonu tanimli olsun ve B € C kiimesi agik ve baglantili bir kiime olsun.
74,27, € B kiimesinde verilsin;

Z1 # 2 = f(21) # f(23)

kosulu gecerliyse, baska bir deyisle B bolgesindeki farkli noktalar f fonksiyonu tarafindan
farkli goriintii noktalarina gonderiliyorsa, f fonksiyonuna B bolgesinde iinivalent fonksiyon adi
verilir.

Tamm (Konveks Fonksiyon)

Bir f fonksiyonu U birim  diskini konveks bir bolge {izerine yansitiyorsa, bu
fonksiyona konveks fonksiyon olarak adlandirilir. U Birim diskinde iinivalent ve normalize
edilmis konveks fonksiyonlar sinifi C ile temsil edilmektedir.
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Tanmm (Yildizil Fonksiyon)

U birim diskini z; noktasina gore yildizil bir kiimeye yansitan bir f fonksiyonuna z; noktasina
gore yildizil fonksiyon denilmektedir. Ozellikle eger, f fonksiyonu U birim diskini y1ldizil bir
kiimeye yansitiyorsa, o zaman f fonksiyonuna yildizil fonksiyon olarak tanimlanir. U birim
diskinde tinivalent ve normalize edilmis yildizil fonksiyonlar simnifi S* ile gosterilmektedir.

Tanimm (Konvekse Yakin Fonksiyon)
f, U birim diskinde analitik olsun. U = {z € C: |z| <1} {izerinde,

f'(@)
R (g, (Z)) >0 (z€U) (3.3)
sartin1 saglayan bir g konveks fonksiyonu mevcut ise, f’ye, U bolgesinde “konvekse yakin
fonksiyon” olarak adlandirilir.

Tamm (Yildizila Yakin Fonksiyon)
f € A olmak iizere eger;

Re (%)>0(26U)

Sartin1 saglayan g € §* fonksiyonu varsa f fonksiyonuna U birim diskinde “yildizila yakin
fonksiyon” olarak adlandirilir.
Bu sinifa ait tiim fonksiyonlarin kiimesi CS™ ile gosterilir.

YILDIZILA YAKIN FONKSIiYON SINIFLARININ TERS KATSAYILARIN MODUL
FARKININ SINIRLARI

Bu boliimde, yildiza yakin fonksiyonlar sinifi i¢in ardisik ters katsayilarin alt ve {ist sinirlarinin
belirlenmesi amaclanmaktadir.Burada bu siniflara ait ardisik ters katsayilarin alt ve {ist
sinirlarinin belirlemek i¢in dort teorem tanimlanmistir.

Teorem 1
f € G, Ve a, € R olsun. O zaman
—1<|A3;|—-14; 1< 11
Esitsizligi saglanir.
Teorem 2
f € G, Ve a, € R olsun. O zaman

1++v17

2 <|A; | -1 4, 1= 10

Esitsizligi saglanir.
Teorem 3

f € G3 Ve a, € R olsun. O zaman

3
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Teorem 4

f € G, Ve a, € R olsun. O zaman

1++v3
2

<| Az | —| A, I< 19.

Esitsizligi saglanir.

Anahtar Kelimeler: iinivalent fonksiyonlar, ters katsayilar, yildizila yakin fonksiyonlar.

ABSTRACT

There are many remarkable theorems dealing with extremal problems for the class S of
normalized univalent functions on the unit disc, from the Bieberbach conjecture which was
solved by de Branges in 1985, to others of a purely geometrical nature. A great variety of
methods was developed to study these problems.

In the theory of univalent functions, the class of analytic and normalized functions on the unit
disk is denoted by A, while the functions within this class that are univalent form the class S.
Convex and starlike functions are important subclasses of S and are defined by the geometric
properties of the image of the unit disk. Over time, research has expanded to include other
subclasses, such as functions that are close-to-convex and close-to-star.

In the theory of univalent functions, determining the bounds of the coefficients of functions,
calculating the differences between coefficients, and analyzing and solving relationships
between coefficient such as the Fekete-Szego functional play a significant role.

In recent years, research on the inverse coefficients of functions belonging to the class of S and
its important subclasses has increased, and new approaches have been developed.

In this study, the classes of close-to-star functions are considered. The problem of the difference
between successive inverse coefficients for these classes are, and lower and upper bounds for
their moduli are obtained.

Keywords: univalent functions, inverse coefficients, close-to-star functions.
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ABSTRACT

This study provides a rigorous and comprehensive qualitative analysis of a fourth-order
parabolic partial differential equation that incorporates both a singular potential and a power-
type non-linear source term. High-order partial differential equations are indispensable
mathematical instruments used to describe complex physical processes where lower-order
models prove insufficient for capturing intricate dynamics. These applications include the
modeling of thin-film growth, the vibration of elastic plates, and various non-linear phenomena
in quantum mechanics and fluid dynamics. Unlike standard second-order diffusion equations,
fourth-order models provide a more nuanced description of a system's internal stiffness and its
resistance to deformation. Our primary motivation is to address the fundamental mathematical
tension between the dissipative nature of the biharmonic operator and the destabilizing effects
of non-linear source terms coupled with singular potentials. We aim to define the precise
conditions under which a system maintains its structural integrity or undergoes a total collapse.
By examining the interplay between these competing forces, we seek to establish a definitive
framework for predicting long-term stability in evolutionary systems.

In our methodological approach, we treat these equations as dynamic maps that describe how
energy and displacement evolve across space and time within a bounded domain. We
distinguish between two primary outcomes for any given initial state: the existence of a global
solution and the occurrence of blow-up. A central feature of our work is the inclusion of a
singular potential, which introduces significant analytical difficulties because it creates a point
in the spatial domain where the forces acting on the system theoretically become infinite. This
singularity acts as a powerful attractor that can lead to localized energy concentrations,
threatening the stability of the entire system. To address these challenges, we utilize advanced
functional analysis techniques, specifically focusing on how these singular terms can be
controlled through the internal energy of the system. We adopt the potential well method to
categorize the behavior of solutions based on their initial energy levels. We conceptualize a
"well" as a stable region of the system’s state space, defined by a specific energy threshold. If
a solution starts within this well, we show that the restorative forces of the biharmonic operator
are sufficient to keep the system stable and pull it back toward equilibrium.

91



Dicle Universitesi - 4. Uluslararasi Fen Bilimleri Lisansiistii Arastirmalar Sempozyumu,
12-14 Mayis 2026, Diyarbakir

Our findings reveal that the interaction between the singularity and the non-linearity is the
primary driver of the system's eventual fate. We have refined existing methodologies to move
beyond traditional constraints found in the literature. Historically, researchers required very
specific initial conditions involving the Nehari functional to predict blow-up. We have
successfully developed a new criterion that allows us to predict the collapse of the system based
on a much broader range of initial data. By focusing on the relationship between initial energy
and the singular potential norm, we provide a more flexible and robust diagnostic framework
for identifying potential systemic failures. Furthermore, for systems identified as being on a
path toward collapse, we have derived a mathematical lower bound for the blow-up time. This
allows for the calculation of the minimum time a system is guaranteed to remain well-behaved
before a singularity occurs, providing a concrete timeframe for the operational life of the
system. Perhaps most significantly, we derived a precise exponential decay estimate for global
solutions. We demonstrate that global solutions must decrease toward zero at a specific,
calculable rate, ensuring the system settles into stability once it is within the safe operational
zone.

In conclusion, we have provided a comprehensive qualitative map for a class of fourth-order
parabolic equations that are notoriously difficult to analyze due to their high order and singular
nature. By establishing new, broader conditions for blow-up and offering precise estimates for
the stabilization of global solutions, we have advanced the current understanding of dissipative
systems with singularities. We believe our work bridges the gap between abstract functional
analysis and the predictive modeling required in physics and engineering. Our findings offer
other researchers more powerful tools to explore the boundaries of stability in non-linear
evolutionary models. By removing the dependence on the initial Nehari functional for blow-up
results and providing a definitive exponential decay rate, we have provided a more accessible
and mathematically rigorous foundation for future inquiries. We hope this research serves as a
catalyst for further study into how singular structures influence the long-term behavior of non-
linear physical systems.

Keywords: Blow-up, existence, nonexistence, singular potential.
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(0)4

Dogal kaynaklardan elde edilen ambalaj malzemeleri; biyolojik bozunabilirlik, biyouyumluluk
ve geri doniisiim potansiyelleri sayesinde petrol bazli plastiklere karsi gii¢lii bir alternatif olarak
dikkat cekmektedir. Yenilenebilir hammaddelerden Uretilen biyobozunur ambalajlar, cevrenin
korunmasi adina etkin bir se¢enek olusturmaktadir. Gida kalitesinin korunmasi, raf dmriiniin
uzatilmast ve plastik kullantminin siirlandirilmas: istegi, yenilebilir film ve kaplamalarin
gelistirilmesindeki temel motivasyon kaynaklaridir. Bu baglamda, kitosan (CH) gibi ¢evre
dostu ve biyobazli polimerik malzemeler, petrol turevlerine alternatif olarak giderek daha fazla
ilgi gormektedir. Hem dogal hem de capraz bagli kitosan bazli filmler, gida kalitesini artiran ve
raf Omriinii uzatan fonksiyonel bilesiklerdir.

Bu caligsmada, dogal bir aldehit olan vanilin ile modifiye edilmis bir seri kitosan bazli biyofilm
hazirlanmistir. Bu amagla vanilin, hidrofilik reaktif glisidol ile etkilestirilerek halka acilmasi
tepkimesi sonucu 3-metoksi-4-(2,3-dihidroksipropoksi)benzaldehit (VDIOL) sentezlenmistir.
Kitosanin, hidrofilik karakteri artirilmis VDIOL ile agirlikga farkli oranlarda (1:0,4; 1:0,6; 1:0,8
ve 1:1) imin olusumu {izerinden kovalent baglanmasiyla dort adet modifiye kitosan biyofilm
(CHVD-1, CHVD-2, CHVD-3 ve CHVD-4) hazirlandi. Hazirlanan biyofilmlerin morfolojik,
fizikokimyasal ve antimikrobiyal 6zellikleri karakterize edildi. Filmlerin dijital mikrometre bes
adet degisik yerlerden kalinliklar1 belirlendi. Film kalinliklar1 sirastyla ortalama 0.0290, 0.0220,
0.0241, 0.0321mm olarak 6lculdu. Yapisal karakterizasyon amaciyla alman IR
spektrumlarinda; 1564 ve 1650 cm-"deki sogurma bantlar1 sirasiyla N-H egilme ve C=N imin
gerilme titresimlerini, 1403 cm-'deki sogurma bandi ise aromatik C=C veya C-N gerilme
titresimleri olarak degerlendirildi. CHVD filmlerinin ylzey morfolojilerini incelemek igin
Filmlerin Taramali Elektron Mikroskopi (SEM) goriintiileri kullanildi. CHVD filmleri piiriizlii
ve heterojen bir yiizey sergiledi. CHVD-4 filminde VDIOL’iin baglanma oraninin daha yiiksek
olmasi nedeniyle, CHVD-1, CHVD-2, CHVD-3 filmleri CHVD-4’¢ kiyasla daha az piiriizlii bir
yiizey sergiledi. Sonuglara gore, VDIOL oran1t CHVD filminin gériiniimiinii etkilemektedir; bu
durum biiyiik olasilikla hidrojen baglarindan kaynaklanmaktadir.
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CHVD-2'nin insan dermal fibroblast (HDF) hicreleri tizerindeki in vitro yara iyilestirme etkisi
200 ve 400 pg/mL dozlarinda incelenmis; 400 pg/mL dozun kontrol grubuna kiyasla belirgin
bi¢imde daha yiiksek hiicre gocili ¢cogalmasi sagladigi tespit edilmistir. Disk diflizyon
yontemiyle yapilan testlerde, hazirlanan filmlerin gram-negatif, gram-pozitif ve anti mantar
antimikrobiyal etkinligi degerlendirildi. Mevcut bulgular, vanilin ile modifiye edilmis kitosan
filmlerin gida ambalaji ve yara uygulamalarinda umut vadeden bir potansiyele sahip
oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Kitosan film; Vanilin; Antimikrobiyal
ABSTRACT

Packaging materials derived from natural sources have attracted considerable attention as a
strong alternative to petroleum-based plastics, owing to their biodegradability,
biocompatibility, and recyclability. Biodegradable packaging produced from renewable raw
materials constitutes an effective option for environmental protection. The desire to preserve
food quality, extend shelf life, and limit plastic consumption is among the principal motivations
for the development of edible films and coatings. In this context, environmentally friendly and
bio-based polymeric materials such as chitosan (CH) are receiving increasing attention as
alternatives to petroleum derivatives. Both native and cross-linked chitosan-based films are
functional compounds that enhance food quality and prolong shelf life.

In this study, a series of chitosan-based biofilms modified with vanillin, a natural aldehyde,
were prepared. For this purpose, vanillin was reacted with the hydrophilic reactive glycidol,
and 3-methoxy-4-(2,3-dihydroxypropoxy)benzaldehyde (VDIOL) was synthesized through a
ring-opening reaction. Four modified chitosan biofilms (CHVD-1, CHVD-2, CHVD-3, and
CHVD-4) were prepared by covalently bonding chitosan with VDIOL—whose hydrophilic
character had been enhanced—at different weight ratios (1:0.4, 1:0.6, 1:0.8, and 1:1) via imine
formation. The morphological, physicochemical, and antimicrobial properties of the prepared
biofilms were characterized. The thicknesses of the films were determined at five different
points using a digital micrometer. The film thicknesses were measured as 0.0290, 0.0220,
0.0241, and 0.0321 mm on average, respectively. In the IR spectra obtained for structural
characterization, the absorption bands at 1564 and 1650 cm™! were assigned to N—H bending
and C=N imine stretching vibrations, respectively, while the absorption band at 1403 cm™ was
attributed to aromatic C=C or C—N stretching vibrations. Scanning Electron Microscopy (SEM)
images of the films were used to examine the surface morphologies of the CHVD films. The
CHVD films exhibited a rough and heterogeneous surface. Because the binding ratio of VDIOL
was higher in the CHVD-4 film, the CHVD-1, CHVD-2, and CHVD-3 films exhibited a less
rough surface compared with CHVD-4. According to the results, the VDIOL ratio affects the
appearance of the CHVD film; this is most likely caused by hydrogen bonds.

The in vitro wound-healing effect of CHVD-2 on human dermal fibroblast (HDF) cells was
investigated at doses of 200 and 400 pg/mL; the 400 pg/mL dose was found to provide
markedly higher cell imigration proliferation compared with the control group. In tests
performed by the disc diffusion method, the gram-negative, gram-positive, and antifungal
antimicrobial activities of the prepared films were evaluated.

Keywords: Chitosan film; Vanillin; Antimicrobial
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OZ

Diinyada, sivil altyap1 ¢aligmalarindaki genis uygulama alani1 nedeniyle insaat yapi malzeme
sektoriinde en ¢ok kullanilan yap1 malzemelerinden biri betondur. Cimento, su, agrega (kum,
cakil veya kirmatag) ve bazen de katki maddelerinin belirli oranlarda karistirilmasiyla elde
edilen yapay bir tastir. Beton, taze haldeyken sekil verilebilen ve zamanla sertleserek tasiyici
0zellik kazanan, kompozit bir yap1 malzemesidir. Beton, insaat sektoriinde en yaygin kullanilan
yap1 malzemelerinden biri olup, tastyici sistemlerin temel bilesenini olugturmaktadir. Yapilarin
giivenligi, dayaniklilig1 ve uzun 6miirlii olmasi, kullanilan betonun yalnizca ytliksek dayanim
gostermesiyle degil, ayn1 zamanda yiikler altinda sergiledigi deformasyon ve kirilma
davranisiyla da yakindan iligkilidir. Gliniimiizde artan niifus, hizli kentlesme ve yiiksek kath
yapilarin yayginlagmasi, betonun mekanik performansina yonelik beklentileri 6nemli dlgiide
artirmustir. Ozellikle deprem gibi dinamik etkiler altinda yapilarn ani ve gevrek bicimde
gdcmesi, betonun siineklik ve enerji yutma kapasitesinin dnemini agik¢a ortaya koymaktadir.
Yiiksek basing dayanimina sahip olan bu yap1 malzemesi icerdigi dezavantajlar1 sebebiyle
kullanimi sinirh kalmis veya gelistirilmeye ihtiyag duyulmustur. Teknolojinin ilerlemesi ile
bazi lifsel katkilarin kullanilmasi yaygin hale gelmistir. Teknoloji ile birlikte kullanilan katkisal
liflerden biri betonda ¢elik tellerin donat1 olarak kullanilmasidir. Ayn1 zamanda polimer bazli
lifler de ayn1 amag¢ dogrulusunda kullanilmistir. Farkli uygulamalara sahip betonlar i¢in ¢elik
ve polimer lifler uUretilmektedir. Burada amag¢ mekanik dayanimlar1 yiiksek olan malzemeler
uretmektir. Yapilan arastirmalarda, liflerin betona siineklik kattig1 ve zayif olan mekanik
dayanimlarimin arttigi goriilmustiir. Yapist geregi sahip oldugu diisik ¢cekme ve egilme
dayanimi sebebiyle arastirmacilar tarafindan yapisini iyilestirmek ve dezavantajlarini gidermek
amaciyla ¢esitli sentetik ve dogal lifler kullanilarak daha kullanislt hale gelmesi saglanmistir.
Yiiksek dayanimli ve ¢atlaklara dayanikli beton talebi, lif takviyeli beton gelistirilmesine yol
acmistir. Liflerin eklenmesi ¢ekme ve egilme dayanim performansini artirmaktadir. Benzer
sekilde betonun biiziilme catlaklarin1 da azaltir. Ancak bu kullanilacak liflerin betona dahil
edilmesi sonucu diisiik islenebilirlik gibi bazi olumsuz etkileri olacaktir. Bu ¢aligmamizin amact
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normal betonun lifsel katkilar kullanilarak mekanik 6zelliklerinin daha iyi hale gelmesini
saglayacak beton iiretmek ve performanslarini gézlemleyip, karsilastirmaktir.

Betonun dayanim seviyesinin artirilmasi, ¢ogu durumda gevrek davranis egilimini de
beraberinde getirmektedir. Yiiksek dayanimli betonlar, tepe gerilmesine ulastiktan sonra ani
dayanim kayb1 yasayarak sinirli deformasyon kapasitesi sergilemekte ve bu durum kirilmanin
kontrolsiiz bir bigimde gergeklesmesine neden olabilmektedir. Bu nedenle modern beton
teknolojilerinde yalnizca yiiksek basing dayanimi degil, aym1 zamanda kontrollii kirilma ve
gdcme davranisi gosteren, daha siinek betonlarin gelistirilmesi temel bir hedef haline gelmistir.
Son yillarda meydana gelen yikict depremler, betonun yalnizca dayanim degerleriyle degil,
kirilma ve go¢me karakteriyle birlikte degerlendirilmesi gerektigini acik bi¢imde ortaya
koymustur.

Bu baglamda betonun mekanik performansini iyilestirmeye yonelik gelistirilen yontemlerden
biri, lifli beton teknolojisidir. Lifli betonlarda, beton matrisi igerisine rastgele dagitilan lifler
sayesinde cekme gerilmeleri altinda catlak olusumu geciktirilmekte, ¢atlak ilerlemesi
siirlandirilmakta ve betonun enerji yutma kapasitesi artirilmaktadir. Lifler, betonun ig
yapisinda mikro catlaklarin birlesmesini engelleyerek yapisal biitiinliigiin korunmasina katki
saglamakta ve ozellikle kirilma sonrasi davranis lizerinde belirleyici bir rol oynamaktadir. Bu
nedenle lifli betonlar, suneklik ve tokluk gereksiniminin 6n planda oldugu miihendislik
uygulamalarinda giderek daha fazla tercih edilmektedir. Birbirinden farkl lif ¢esitlerinin kendi
icinde betona etkisinin kiyas edilip degerlendirilmesi de yapilacaktir. Lifli beton kavramu;
beton lizerinde olusan hasarlarin gerilme, sekil degistirme o6zelliklerinden dolayr betonun
giiclendirilmesi i¢in ortaya ¢ikmistir. Lifli beton; agrega, ¢cimento ve su gibi bilesenlerin
icerisine mineral ve kimyasal katkilar ile ¢esitli miktarlarda liflerin birakilmasiyla elde edilen
giiclendirilmis malzemedir. Dogal kaynaklardan veya insan tarafindan lretilen uzunlugu,
esnekligi ve mukavemeti olan hammaddelerdir. Betonda kullanilan lif katkilari, betonun
dayanikliligini, catlak kontroliinii ve siinekliligini artirmak amaciyla karigima eklenen kiguk,
genellikle kisa boyutlu malzemelerdir. Farklt malzemelerden iiretilebilen bu lifler, betonun
zayif yonlerinden biri olan ¢gekme dayanimini iyilestirir ve ¢atlaklarmn ilerlemesini onler. Lif
cesitleri; Celik Lif, Polipropilen Lif, Cam Lif, Karbon Lif, Bazalt Lif ve Dogal(Organik) Lifler
olmak iizere bir¢ok lif ¢cesidi bulunmaktadir. Lifli beton; agrega, ¢cimento ve su gibi bilesenlerin
icerisine mineral ve kimyasal katkilar ile ¢esitli miktarlarda liflerin birakilmasiyla elde edilen
giiclendirilmis malzemedir. Dogal kaynaklardan veya insan tarafindan iretilen uzunlugu,
esnekligi ve mukavemeti olan hammaddelerdir. Dogal liflerden en yaygin olarak bilinen saman
ve at kilidir. Dogal lifler; bitkisel lifler, hayvansal lifler ve madensel lifler olarak elde edilen
hammaddelerdir. Yapay lifler; 6zel olarak Uretilen ve insan eli ile Uretilen maddelerdir. Cam
yiinii ve polimer lifler bu yapay liflerden olugmaktadir.

Lifli betonlarda elde edilen mekanik performans; lif tiirti, lif geometrisi, lif boyu, lif oranm1 ve
beton matrisi gibi birgok parametreye bagli olarak degismektedir. Celik lifler, yliksek elastisite
moduli ve lif-matris arasindaki giiglii kenetlenme Ozellikleri sayesinde lifli beton
uygulamalarinda yaygin olarak kullanilmaktadir.

Ozellikle gentikli veya ankrajli gelik lifler, mekanik kilitlenme etkisiyle gatlak kopriileme
kapasitesini artirarak betonun kirilma ve gé¢me davranisini 6nemli 6l¢iide iyilestirebilmektedir.
Buna karsin bazalt lif ve cam lif gibi metalik olmayan lifler, daha ¢ok mikro catlak kontrolii ve
catlak yayiliminin sinirlandirilmasi yoluyla betonun davranisini etkilemektedir.
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Mevcut literatiirde lifli betonlara iliskin ¢ok sayida deneysel calisma bulunmakla birlikte, bu
caligmalarin biiyiik bir kisminda lif tiirii, lif boyu ve lif oran1 birlikte degistirilmistir. Bu durum,
lif tiirtiniin beton davranis1 lizerindeki bagimsiz etkisinin net olarak ortaya konulmasini
zorlagtirmaktadir. Ayn1 lif oran1 ve lif boyu kosullarinda farkli lif tiirlerinin karsilagtirildigi
caligmalarin siirli olmasi, 6zellikle basing altinda kirilma ve go¢me davranigina iliskin
degerlendirmelerde onemli bir bosluk olusturmaktadir. Oysa lif geometrisi ve lif-matris
etkilesimi, betonun tepe sonrasi davranisini ve go¢me bigimini belirleyen temel unsurlar
arasinda yer almaktadir.

150 mm lik ¢entikli beton kiip numuneler farkli ¢entik boyutlari ile iiretilerek yarmada ¢ekme
deneyi gergeklestirldi. Ayrica 150 mm lik kiip numulere basing testi yapilarak elde edilen
degerler dogrultusunda kirilma parametreleri hesaplandi.Bu ¢alismada, s6z konusu literatir
boslugunu gidermek amaciyla, g¢entikli celik lif, bazalt 1if ve polipropilen lif kullanilarak
tiretilen lifli betonlarin basing dayanimi ile kirilma ve gé¢me davranislari deneysel olarak
incelenmistir. Calismada beton matrisi, lif oran1 ve lif boyu sabit tutulmus; yalnizca lif tiirli ve
buna bagl lif geometrisi degisken olarak ele alinmistir. Boylece lif tiiriiniin betonun basing
altindaki davranist lizerindeki etkisi, diger parametrelerin etkisinden arindirilarak
degerlendirilmistir. Deneysel sonuglar dogrultusunda lif tiirline bagli olarak gelisen c¢atlak
olusumu, kirilma sekli ve go¢me karakterindeki farkliliklar karsilastirmali olarak analiz
edilmistir.

Bu yoniiyle calisma, lifli betonlarda dayanim temelli degerlendirmelerin Gtesine gecerek,
kirllma ve go¢gme davranisini 6n plana c¢ikarmakta ve lif geometrisinin beton performansi
tizerindeki roliinli daha agik bicimde ortaya koymay1 amaglamaktadir.

Anahtar Kelimeler: Beton, Lif Takviyeli Beton, Lifsel Katkilar, Centikli beton

ABSTRACT

Concrete is one of the most widely used building materials in the construction industry
worldwide, due to its extensive application in civil infrastructure projects. It is an artificial stone
obtained by mixing cement, water, aggregates (sand, gravel, or crushed stone), and sometimes
additives in specific proportions. Concrete is a composite building material that can be shaped
when fresh and hardens over time, acquiring load-bearing properties. As one of the most
commonly used building materials in the construction sector, concrete forms the basic
component of load-bearing systems. The safety, durability, and longevity of structures are
closely related not only to the high strength of the concrete used but also to its deformation and
fracture behavior under loads. Today, increasing population, rapid urbanization, and the
proliferation of high-rise buildings have significantly increased expectations regarding the
mechanical performance of concrete. The sudden and brittle collapse of structures under
dynamic impacts such as earthquakes clearly demonstrates the importance of concrete's
ductility and energy absorption capacity. Despite its high compressive strength, this building
material's use has been limited or requires further development due to its inherent
disadvantages. With advancements in technology, the use of certain fibrous additives has
become widespread. One example of additive fibers used in conjunction with technology is the
use of steel wires as reinforcement in concrete. Polymer-based fibers have also been used for
the same purpose. Steel and polymer fibers are produced for concretes with different
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applications. The aim here is to produce materials with high mechanical strength. Research has
shown that fibers add ductility to concrete and increase its weak mechanical strength. Due to
its inherently low tensile and flexural strength, researchers have improved its structure and
overcome its disadvantages by using various synthetic and natural fibers to make it more usable.
The demand for high-strength and crack-resistant concrete has led to the development of fiber-
reinforced concrete. The addition of fibers increases tensile and flexural strength performance.
Similarly, it reduces shrinkage cracks in concrete. However, the inclusion of these fibers in
concrete will have some negative effects, such as low workability. The aim of this study is to
produce concrete that will improve the mechanical properties of normal concrete by using
fibrous admixtures, and to observe and compare their performance.

Increasing the strength level of concrete often leads to a tendency towards brittle behavior.
High-strength concretes exhibit limited deformation capacity after reaching peak stress,
experiencing a sudden loss of strength, which can cause uncontrolled fracture. Therefore, in
modern concrete technologies, developing more ductile concretes that exhibit not only high
compressive strength but also controlled fracture and failure behavior has become a
fundamental goal. The devastating earthquakes of recent years have clearly demonstrated that
concrete should be evaluated not only by its strength values but also by its fracture and failure
characteristics.

In this context, one of the methods developed to improve the mechanical performance of
concrete is fiber-reinforced concrete technology. In fiber-reinforced concrete, crack formation
under tensile stresses is delayed, crack propagation is limited, and the energy absorption
capacity of the concrete is increased thanks to the fibers randomly distributed within the
concrete matrix. The fibers contribute to the preservation of structural integrity by preventing
the merging of microcracks in the internal structure of the concrete and play a decisive role,
especially in the behavior after fracture. Therefore, fiber-reinforced concrete is increasingly
preferred in engineering applications where ductility and toughness requirements are
paramount. The effects of different fiber types on concrete will also be compared and evaluated.
The concept of fiber-reinforced concrete emerged to strengthen concrete by counteracting the
stress and strain properties of damage that can occur within the concrete. Fiber-reinforced
concrete is a reinforced material obtained by adding varying amounts of fibers, along with
mineral and chemical additives, to components such as aggregate, cement, and water. These are
raw materials, either naturally sourced or man-made, that have varying length, flexibility, and
strength. Fiber additives used in concrete are small, usually short-sized materials added to the
mixture to increase the durability, crack control, and ductility of the concrete. These fibers,
which can be produced from different materials, improve tensile strength, one of the weak
points of concrete, and prevent crack propagation. Fiber types include steel fiber, polypropylene
fiber, glass fiber, carbon fiber, basalt fiber, and natural (organic) fibers. Fiber-reinforced
concrete is a reinforced material obtained by adding varying amounts of fibers, along with
mineral and chemical additives, to components such as aggregate, cement, and water. These are
raw materials, either naturally sourced or man-made, that have varying length, flexibility, and
strength. The most commonly known natural fibers are straw and horsehair. Natural fibers are
raw materials obtained as plant fibers, animal fibers, and mineral fibers. Artificial fibers... These
are specially manufactured and man-made materials. Glass wool and polymer fibers are
examples of these artificial fibers.
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The mechanical performance obtained in fiber-reinforced concrete varies depending on many
parameters such as fiber type, fiber geometry, fiber length, fiber ratio, and concrete matrix.
Steel fibers are widely used in fiber-reinforced concrete applications due to their high modulus
of elasticity and strong interlocking properties between the fiber and the matrix.

In particular, notched or anchored steel fibers can significantly improve the fracture and failure
behavior of concrete by increasing its crack bridging capacity through mechanical interlocking.
In contrast, non-metallic fibers such as basalt fiber and glass fiber affect the behavior of
concrete primarily through microcrack control and limiting crack propagation. Although
numerous experimental studies on fiber-reinforced concrete exist in the current literature, most
of these studies have varied fiber type, fiber length, and fiber ratio simultaneously. This makes
it difficult to clearly demonstrate the independent effect of fiber type on concrete behavior. The
limited number of studies comparing different fiber types under the same fiber ratio and fiber
length conditions creates a significant gap, especially in evaluations related to fracture and
failure behavior under compression. However, fiber geometry and fiber-matrix interaction are
among the fundamental elements determining the post-peak behavior and failure mode of
concrete.

150 mm notched concrete cube specimens were produced with different notch sizes and
subjected to splitting tensile tests. Additionally, compression tests were performed on the 150
mm cube specimens, and fracture parameters were calculated based on the obtained values.This
study experimentally investigates the compressive strength, fracture, and failure behavior of
fiber-reinforced concrete produced using notched steel fibers, basalt fibers, and polypropylene
fibers, in order to fill a gap in the literature. In this study, the concrete matrix, fiber ratio, and
fiber length were kept constant; only the fiber type and its associated fiber geometry were
considered as variables. Thus, the effect of fiber type on the compressive behavior of concrete
was evaluated by eliminating the influence of other parameters. Based on the experimental
results, the differences in crack formation, fracture pattern, and failure characteristics depending
on the fiber type were analyzed comparatively.

In this respect, the study goes beyond strength-based evaluations in fiber-reinforced concrete
by highlighting fracture and failure behavior and aiming to more clearly reveal the role of fiber
geometry on concrete performance.

Keywords: Concrete, Fiber Reinforced Concrete, Fibrous Additives, Notched Concrete
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Bu calismanin amaci, bir saat, iki saat, bes saat ve on saat kizartilan zeytin yagi, aygicek yagi
ve mustr 6zl yagi gibi bitkisel yaglarin yag asidi kompozisyonundaki degisimleri belirlemektir.

Yontem: Caligsmada, bir saat, iki saat, bes saat ve on saat kizartilan ve kizartilmamig ham zeytin
yag1, ay¢igcek yagi ve misir 0zii yagi gibi bitkisel yaglardan tiger 6rnek alindi. Yag asidi analizi
i¢in, yag 6rnegi ayirma hunisine birakildi. Uzerine hacminin % ii kadar % 0.88 KCl ile 4 ml
kloroform-metanol karisimi kondu. Iyice karistirilan karisimin, lipit igeren alttaki fazi alindi.
Lipit fazina 4 ml metanol ile 4-5 damla siilfiirik asit birakildi. Karisim 90 oC de iki saat geri
sogutucuda birakilarak, olusan yag asitlerinin yag asiti metil esterlerine doniisiimii saglanda.
Daha sonra ayirma hunisine birakilan yag asidi metil esterleri, li¢ kez beser ml hekzan ile
ekstrakte edildi ve 2 ml kalincaya kadar evapore edildi. Ornekler analiz edilinceye kadar -85
oC lik deep-freeze konuldu.

Analizler i¢in, FID dedektdriine sahip Schimadzu 2010 Plus marka gaz kromatografi cihazi ile
30 metre uzunlugunda DB-23 marka kapiller kolon , tastyic1 gaz olarak ta helyum kullanildi.
Bir mikrolitre olarak enjekte edilen ornekler ii¢ kez tekrarlandi. Kromatogramdaki yag
asitlerinin belirlenmesinde standart olarak kullanilan yag asitlerinin ¢ikis zamanlarindan
yararlanildi.

Bulgular ve sonug: Kizartilmamis ham bitkisel yaglarin kendilerine 6zgii bir yag asidi
kompozisyonuna sahip olduklari belirlenmistir. Analizlerde kullanilan kizartilmamis ve uzun
siire kizartilan tiim bitkisel yaglarda doymus yag asitleri arasinda dominant olarak palmitik,
tekli doymamis yag asitleri arasinda oleik, ¢oklu doymamis yag asitlerinden de linoleik asit
tespit edilmistir. Ancak yag asiti yiizdelerinin farkli olduklar1 gériilmiistiir. Ornegin,
hayvanlarin ¢ogu i¢in temel yag asitlerinden linoleik asit kizartilmamis aycicek yaginda % 69,
misir 0zl yaginda % 52, zeytin yaginda ise % 11 olarak belirlenmistir. Kizartilmamis zeytin
yaginda % 70 olarak bulunan oleik asit, ay¢icek yaginda % 21, misir 6zii yaginda ise % 34
olarak tespit edilmistir. Uzun siire kizartilan her ii¢ bitkisel yagin yag asiti ylizdelerinde
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degisiklikler meydana gelmistir. Bu degisikliklerin derecesinin bitkisel yagin ¢esidine bagh
oldugu goriilmiistiir.

Elde ettigimiz verilere gore dominant doymus yag asitlerinden palmitik asit yiizdesinin
kizartilmamis yaglara oranla, bir, iki, bes ve 10 saat kizartilan ay¢icek yagi ve misir 6zii yagi
ile bes ve 10 saat kizartilan zeytin yaginda kizartilmamis yaglara oranla arttig1 ve en fazla artig
derecesinin musir 6zii yaginda oldugu goriilmiistir. Ornegin palmitik asit yiizdesinin
kizartilmamis misir 6zli yagina oranla bes saat kizartilan misir 6zii yaginda % 18.92, on saat
kizartilan yagda ise % 17.33 olarak arttig1 belirlenmistir. Zeytin yagi, denenen bitkisel yaglar
icinde, tekli doymamis yag asitlerinden oleik asiti en yiiksek oranda igeren yag oldugu
goriilmiistiir. Ancak, uzun siire kizartilan zeytin yaginda oleik asit ylizdesinde Onemli
degisiklikler belirlenmemistir. Bu bilesen saf yaga oranla bes saat kizartilan zeytin yaginda %
0.55, on saat kizartilan yagda ise % 1.77 artmistir. Ayn1 yag asiti, kizartilmamis yaga oranla
bes saat kizartilan misir 6zii yaginda % 0.88 azaldi, on saat kizartilan yagda ise % 1.67 artig
gosterdi. Linoleik asitin taze yaglara oranla misir 6zii yagi ve zeytin yaginda énemli oranda
azaldig1 tespit edilmistir. Bu yag asiti, bes saat kizartilan misir 6zl yaginda % 3.28, zeytin
yaginda % 10.20; on saat kizartilan misir 6zii yaginda % 4.74, zeytin yaginda ise % 22.60
azalma gostermistir. Bir diger temel yag asiti olan linolenik asitin de uzun siire kizartilan zeytin
yag1 ve misir 6zl yaginda, linoleik asitte oldugu gibi kizartilmamis yaglara oranla énemli
derecede azaldigi goriilmiistiir. Linolenik asit ylizdesinin bes saat kizartilan zeytin yaginda %
28.37, musir 6zii yaginda % 11.85; on saat kizartilan zeytin yaginda % 56.75, misir 6zli yaginda
da % 18.52 azaldigi belirlenmistir.

Sonug olarak, ¢alismada denedigimiz zeytin yagi, misir 6zii yag1 ve aygicek yaginin yag asiti
kompozisyonunun, kizartilmamais saf yaglara oranla degistigi goriilmiistiir. Uzun siire kizartilan
yaglarda dominant doymus yag asitlerinden palmitik asitin artti§i, asir1 doymamis yag
asitlerinden linoleik ve linolenik asitlerin azaldig1 belirlenmistir. Dominant tekli doymamis yag
asitlerinden oleik asit yiizdesinin, kizartilan yaglarda ise ¢ok daha az degistigi goriilmiistiir.
Oleik asit (Omega-9), tekli doymamis bir yag asidi oldugu igin 1s1ya karst oldukca direnglidir.
Bu yiizden 5-10 saatlik kizartma siirelerinde bile miktarinda ciddi bir degisim gérmemeniz
normaldir. Yag asitlerindeki ¢ift baglar, molekiiliin en zayif halkalaridir. Bir yag asidi ne kadar
cok ¢ift bag iceriyorsa (¢oklu doymamais), yiiksek 1sida oksijenle tepkimeye girmesi o kadar
kolaylasir. Linolenik asit (3 ¢ift bag), linoleik asitten (2 ¢ift bag); linoleik asit de oleik asitten
(1 cift bag) cok daha hizli okside olur. Arastirmalar, linolenik asidin oksidasyon hizinin oleik
asitten yaklasik 100 kat, linoleik asidin ise 40 kat daha fazla olabilecegini gostermektedir.

Anahtar Kelimeler: Bitkisel yaglar, Uzun siire kizartma islemi, Yag asiti kompozisyonu

ABSTRACT

The aim of this study is to determine the changes in the fatty acid composition of vegetable oils
such as olive oil, sunflower oil, and corn oil after frying for one hour, two hours, five hours,
and ten hours.

Unfried crude vegetable oils have been determined to have a unique fatty acid composition. In
all vegetable oils used in the analyses, both unfried and long-fried, palmitic acid was found to
be the dominant saturated fatty acid, oleic acid the dominant monounsaturated fatty acid, and
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linoleic acid the dominant polyunsaturated fatty acid. However, the percentages of fatty acids
differed. For example, linoleic acid, an essential fatty acid for most animals, was found to be
69% in unfried sunflower oil, 52% in corn oil, and 11% in olive oil. Oleic acid, found at 70%
in unfried olive oil, was detected at 21% in sunflower oil and 34% in corn oil. Changes occurred
in the fatty acid percentages of all three vegetable oils after prolonged frying. The degree of
these changes was found to depend on the type of vegetable oil. According to our data, the
percentage of palmitic acid, a dominant saturated fatty acid, increased in sunflower oil and corn
oil fried for one, two, five, and ten hours, and in olive oil fried for five and ten hours, compared
to unfried oils. The greatest increase was observed in corn oil. For example, the percentage of
palmitic acid increased by 18.92% in corn oil fried for five hours and by 17.33% in corn oil
fried for ten hours, compared to unfried corn oil. Olive oil was found to contain the highest
percentage of oleic acid, a monounsaturated fatty acid, among the vegetable oils tested.
However, no significant changes in the percentage of oleic acid were observed in olive oil fried
for a long time. This component increased by 0.55% in olive oil fried for five hours and by
1.77% in oil fried for ten hours compared to pure oil. The same fatty acid decreased by 0.88%
in corn oil fried for five hours and increased by 1.67% in oil fried for ten hours compared to
unfried oil. It was determined that linoleic acid decreased significantly in corn oil and olive oil
compared to fresh oils. This fatty acid decreased by 3.28% in corn oil fried for five hours and
by 10.20% in olive oil; and by 4.74% in corn oil fried for ten hours and by 22.60% in olive oil.
Linolenic acid, another essential fatty acid, also showed a significant decrease in olive oil and
corn oil fried for extended periods compared to unfried oils, similar to linoleic acid. The
percentage of linolenic acid decreased by 28.37% in olive oil fried for five hours and by 11.85%
in corn oil; and by 56.75% in olive oil fried for ten hours and by 18.52% in corn oil.

Keywords: Vegetable oils, Long frying time, Fatty acid composition
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Bu ¢alisma, I¢ Anadolu’nun segili bir bdlgesinde tarimsal kuraklik siddetinin belirlenmesi
amaciyla MODIS tabanli NDVI (Normalized Difference Vegetation Index) ve LST (Land
Surface Temperature) zaman serilerinin derin 6grenme yontemleri kullanilarak analiz
edilmesini kapsamaktadir.

Calisma kapsamimda MODIS NDVI ve LST zaman serileri, Google Earth Engine (GEE)
platformu kullanilarak elde edilmistir. Veriler on isleme asamasinda eksik degerlerin
giderilmesi icin lineer interpolasyon yontemi uygulanarak tamamlanmig, zamansal degiskenligi
diizenlemek amaciyla aylik ortalamalar alinmis ve model performansini artirmak i¢in normalize
edilmistir.

Zaman serisi analizinde LSTM (Long Short-Term Memory) ve CNN (Convolutional Neural
Network) modelleri kullanilmistir. Kuraklik siddetinin belirlenmesinde NDVI ve LST
verilerinden tiiretilen VHI (Vegetation Health Index) kullanilmistir. Model performanslar1 R?
6lgltu ile degerlendirilmistir. Elde edilen sonuglara gore LSTM R2: 0.72 degerlerine ulagirken,
CNN R2: 0.84 degerleri ile daha yiiksek agiklayicilik saglamistir.

Elde edilen bulgular, CNN modelinin LSTM modeline kiyasla daha yiiksek R? degeri ile daha
yuksek tahmin dogrulugu sagladigimi gostermektedir. Kuraklik analizi sonuglari, ¢alisma
alaninda normal ve hafif kuraklik siiflarinin baskin oldugunu ortaya koymaktadir.

Sonug olarak, derin 6grenme yontemlerinin MODIS tabanli NDVI ve LST zaman serilerinin
analizinde uygulanabilir oldugu ve tarimsal kuraklik izleme c¢aligmalarinda kullanilabilecegi
degerlendirilmektedir.

Anahtar Kelimeler: NDVI; LST; MODIS; Derin Ogrenme
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ABSTRACT

This study aims to analyze MODIS-based NDVI (Normalized Difference Vegetation Index)
and LST (Land Surface Temperature) time series using deep learning methods to determine
agricultural drought severity in a selected region of Central Anatolia.

MODIS NDVI and LST time series were obtained using the Google Earth Engine (GEE)
platform. In the preprocessing stage, missing values were completed using linear interpolation,
monthly averages were calculated to regulate temporal variability, and normalization was
applied to improve model performance.

LSTM (Long Short-Term Memory) and CNN (Convolutional Neural Network) models were
used for time series analysis.

In time series analysis, LSTM (Long Short-Term Memory) and CNN (Convolutional Neural
Network) models were used. The VHI (Plant Health Index), derived from NDVI and LST data,
was used to determine the degree of drought. Model performance was evaluated using R2
measurements. According to the results, LSTM achieved an R2 value of 0.72, while CNN
provided higher explanatory power with an R? value of 0.84.

The findings show that the CNN model provides higher prediction accuracy compared to
LSTM, with lower RMSE and MAE values and a higher Rz score. Drought analysis results
reveal that normal and mild drought classes are dominant in the study area..

In conclusion, deep learning methods are applicable for analyzing MODIS-based NDVI and
LST time series and can be used in agricultural drought monitoring studies.

Keywords: NDVI; LST; MODIS; Deep Learning
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ABSTRACT

The present research provides an exhaustive qualitative analysis of a non-linear Klein-Gordon
equation characterized by the integration of a fractional boundary damping term within a
bounded domain. The Klein-Gordon equation, a second-order hyperbolic partial differential
equation, serves as a fundamental framework in mathematical physics for describing the
evolution of scalar fields. While classical dissipation models typically utilize integer-order
derivatives to represent energy loss, this study innovatively employs fractional calculus—
specifically the generalized Caputo fractional derivative—at the boundary of the domain. The
inclusion of fractional boundary damping introduces a non-local temporal dependency,
effectively modeling memory effects where the current state of the system is influenced by its
historical evolution. This non-locality necessitates a departure from standard local analysis,
requiring the transformation of the boundary conditions into an augmented system to facilitate
a rigorous mathematical treatment of the evolution problem.

The primary objective of the investigation is to establish a complete mathematical portrait of
the solution’s life cycle, encompassing local and global existence, asymptotic decay rates, and
the conditions leading to finite-time blow-up. To address the well-posedness of the problem,
the research utilizes Faedo-Galerkin approximations and semigroup theory within the context
of Sobolev spaces. By defining appropriate energy functionals and utilizing the trace theorem,
it is demonstrated that for any initial data residing in the energy space, there exists a unique
local solution. However, the core challenge lies in determining the long-term behavior of this
solution under the competing influences of the linear fractional damping and the non-linear
source term. The interplay between these terms dictates whether the system remains stable over
an infinite time horizon or experiences a singularity.

Central to the stability analysis is the proof of the global existence and energy decay of the
solutions. For initial data restricted to a specific stability manifold—often referred to as the
"potential well"—the study proves that the solution exists globally in time. To quantify the rate
at which the system returns to equilibrium, a specialized Lyapunov functional is constructed.
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This functional accounts for both the internal energy of the Klein-Gordon field and the
additional energy stored within the fractional boundary layer. Through the application of
Nakao’s inequality and the properties of the Caputo derivative’s kernel, the research establishes
that the total energy of the system undergoes a monotonic decrease. Specifically, it is proven
that the energy exhibits an exponential or polynomial decay rate, depending on the parameters
of the fractional operator and the non-linearity of the source. This stabilization result
underscores the efficacy of fractional boundary damping in suppressing oscillations and leading
the system toward a steady state.

Despite the stabilizing effects of the boundary dissipation, the presence of a non-linear source
term introduces the possibility of instability. A significant portion of this doctoral work is
dedicated to the phenomenon of blow-up, where the solution’s norm tends to infinity at a finite
time T. By employing the concavity method and analyzing the functional energy at negative or
sufficiently low positive levels, the study identifies the precise thresholds beyond which the
damping mechanism fails to counteract the growth of the non-linear source. The research proves
that if the initial energy is sufficiently small and the initial velocity satisfies specific growth
conditions, the solution cannot be extended globally and must undergo a blow-up. This result
is critical for understanding the physical limitations of the Klein-Gordon model, as it defines
the "catastrophe™ regime where the mathematical description of the field ceases to be valid.

Furthermore, this work generalizes previous findings in the literature by relaxing the constraints
on the damping coefficients and the power of the non-linear source. By bridging the gap
between fractional calculus and non-linear wave equations, the study provides a robust
framework for analyzing more complex systems in viscoelasticity and relativistic mechanics.
The mathematical rigor maintained throughout the proofs—utilizing Young’s inequality,
Holder’s inequality, and Sobolev embeddings—ensures that the results are not only
theoretically sound but also applicable to a wide range of boundary value problems. In
conclusion, this research successfully delineates the boundaries between stability and collapse
in the fractionally damped Klein-Gordon system. It provides a nuanced understanding of how
memory-dependent boundary conditions affect the global dynamics of partial differential
equations, offering significant contributions to the fields of mathematical analysis and
theoretical physics by identifying the exact conditions for existence, decay, and the inevitable
finite-time blow-up of solutions.

Keywords: Existence, Nonexistence, Klein-Gordon equation
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ABSTRACT

The existence and blow-up behavior of solutions are investigated for a higher-order parabolic
equation involving a singular potential, a viscoelastic term, and a logarithmic nonlinearity. The

presence of the singular term —= introduces significant analytical difficulties, especially near

[x|S
the origin where the coefficient becomes unbounded. To overcome this issue, a cut-off
technique is employed to regularize the singularity, and Hardy—Sobolev type inequalities are
used to control the associated terms and ensure that the solution remains within appropriate
functional spaces.

The viscoelastic term, expressed through a convolution integral in time, reflects the memory
effect of the system. This term implies that the evolution of the solution depends not only on its
current state but also on its entire past history. Such a structure contributes to the dissipative
nature of the system. In particular, the associated energy functional is shown to be non-
increasing over time, indicating the presence of a damping mechanism. However, this
stabilizing effect alone is not sufficient to guarantee global existence, as it competes with the
influence of the nonlinear source term.

The logarithmic nonlinearity |z|"~2zInz plays a crucial role in determining the growth behavior
of solutions. Unlike standard polynomial nonlinearities, this term exhibits different
characteristics depending on the magnitude of the solution. For small values, it acts in a
controlled manner, while for large values it can significantly enhance the growth of the solution.
To handle this term, specific logarithmic inequalities are applied, allowing for precise estimates
in both regimes.

Local existence of weak solutions is established using the Faedo—Galerkin approximation
method. The problem is first reduced to a finite-dimensional setting, where approximate
solutions are constructed. A priori estimates are then derived to ensure boundedness, and
compactness arguments, particularly the Aubin—Lions lemma, are used to pass to the limit and
obtain a weak solution in the appropriate function space.

Global existence is obtained through the potential well method. By introducing suitable energy
and Nehari functionals, the solution space is divided into stable and unstable regions. If the
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initial data lies in the stable set, characterized by energy below a critical level and a positive
Nehari functional, the solution exists for all time. This reflects a balance between the dissipative
viscoelastic effect and the growth induced by the logarithmic nonlinearity.

On the other hand, if the initial data does not satisfy these conditions, the solution may blow up
in finite time. The blow-up result is established via the concavity method, which relies on
constructing an auxiliary functional satisfying a suitable differential inequality. This leads to
the conclusion that the solution becomes unbounded in finite time. In particular, when the
energy is below a critical threshold but the Nehari functional is negative, the nonlinear effects
dominate and force the solution to grow without bound.

In summary, the interplay between the singular potential, the viscoelastic memory term, and
the logarithmic nonlinearity determines the qualitative behavior of solutions. Depending on the
initial data and energy level, solutions either exist globally or exhibit finite-time blow-up.

Keywords: Blow-up, existence, logarithmic nonlinearity, singular potential
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Mesane kanseri, yliksek niiks oran1 ve molekiiler heterojeniteyle karakterize yaygin bir
malignitedir. Diger malignitelerde oldugu gibi mesane kanserinde de prognozun dogru tahmin
edilmesi, uygun tedavi segeneklerinin secilmesi agisindan ¢ok 6nemlidir, ancak rutin klinik ve
patolojik degerlendirmeler bu anlamda yetersiz kalabilmektedir. Bu nedenle, rutin testlerden
elde edilen veriler digindaki kaynaklari kullanarak yeni prognostik biyobelirteclerin
arastirilmasi olduk¢a cazip bir yaklasimdir. Bu g¢alismada, prognozu tahmin etmek igin
kullanilabilecek olas1 biyobelirtegleri arastirmak amaciyla, bu yaklasima uygun olarak kamuya
acik veri tabanlarinda kayitli bulunan mesane kanseri hastalarinin gen ekspresyon verilerini
analiz ettik.

Bu caligmada, The Cancer Genome Atlas (TCGA) veri tabaninda yer alan mesane kanseri
(BLCA) hastalarina ait gen ekspresyon verileri kullanilmigtir. TCGA verilerine University of
California in Santa Cruz (UCSC)’un Xena platformu araciligiyla erisildi ve hastalar ilk 6nce
"yasayanlar" ve "Olenler" olarak 2 gruba ayrildi. Daha sonra "6len" ve "yasayan" mesane
kanseri hastalar1 arasinda ekspresyonu degisen genler karsilastirmali gen ekspresyon analizleri
yapilarak belirlendi. Analizlerde, ekspresyonu degisen genlerin belirlenmesi i¢in limma-voom
yaklagimi kullanild1 ve istatistiksel anlamlilik kriterleri olarak da p < 0,05 ve [log2FC| > 1
seklinde ayarlandi. Yasayan ve Olen mesane kanseri hastalar1 arasinda ekspresyonunun
degistigi belirlenen her bir genin prognostik onemini degerlendirmek amaciyla oncelikle
DoSurvive araci ile sag kalim analizleri gerceklestirildi. Bu sekilde her bir genin ekspresyon
seviyesinin mesane kanseri hastalarinin sagkalimi ile iligkisi arastirildi. Ardindan, belirlenen
her bir genin ekspresyon seviyesi metastatik tlimorii olan ve olmayan hastalar arasinda Xena'nin
"ajcc_pathologic m_diagnoses" modiilii kullanilarak karsilastirildi ve ilgili genin ekspresyon
seviyesi ile mesane kanseri hastalarinin metastaz durumu arasindaki iliski arastirildi. Son
olarak, her bir genin ekspresyon seviyesinin mesane kanseri hicrelerinde kemoterapi
ajanlarinin duyarlilik ve direncine olan etkisini incelemek amaciyla Comprehensive Pancancer
Analysis of Drug Sensitivity (CPADS) veritabani kullanildi. Bu sekilde mesane kanserinin
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tedavisinde kullanilan kemoterapi ajanlarinin etkinligi ile arastirilan genlerin ekspresyon
seviyesi arasindaki iligki arastirildi.

Yasayan ve olen mesane kanseri hastalarinin tiimorleri arasinda yapilan karsilagtirmali gen
ekspresyon analizi, DES, DHRS2, FN1, HMGCS2, PSCA, FER1L4, SFRP2 ve SPINK1
genlerinin ekspresyonlarinda 6nemli degisiklikler oldugunu ortaya koymustur. Yasayan
hastalar ile karsilastirildiginda 6len hastalarda FN1, SFRP2 ve DES genlerinin ekspresyon
seviyeleri artarken FER1L4, SPINK1, DHRS2, HMGCS2 ve PSCA genelerinin ekspresyon
seviyeleri ise azalmistir. Olusturulan Volcano plot grafigi de bu sonuglar1 desteklemektedir.
Sag kalim analizlerinde; DES ve FN1 genlerinin ekspresyon seviyelerindeki artis ile DHRS2,
HMGCS2 ve SPINK1 genlerinin ekspresyon seviyelerindeki azalisin diisiik sag kalim ile iligkili
oldugu goriilmistiir. Metastaz analizlerinde; metastatik tmorlere sahip hastalar, olmayan
hastalar ile karsilastirildiginda DES, FN1 ve SFRP2 genlerinin ekspresyonlarinin metastatik
timord olan hastalarda daha yiksek, DHRS2, HMGCS2 ve SPINK1 genlerinin
ekspresyonlarmin ise daha diisiik oldugu goriilmiistiir. Ilag direnci analizlerinde; FN1, SFRP2
ve DES'in yliksek ekspresyon seviyelerinin sirasiyla Methotrexate, Gemcitabine/ Methotrexate
ve Gemcitabine/ Methotrexate/ Doxorubicin/ Mitomycin C’ye direnciyle iliskili oldugu
gorilmiustir.

Bu ¢alismamizda, 6len ve yagsayan mesane kanseri hastalarinin tiimorleri karsilastirmali olarak
gen ekspresyonu degisimleri agisindan analiz edilmis ve sonug¢ olarak ekspresyonlari
istatistiksel olarak anlamli bir sekilde degisen 8 gen belirlenmistir. Bu genlerden 6 tanesinin
(DES, DHRS2, FN1, HMGCS2, SFRP2 ve SPINKI1) ekspresyon degisimleri prognostik
biyomarker olabileceklerini ve ileri deneylere gegilebilecegini gdstermektedir. Daha &nce
yapilan ¢aligmalarda, FN1’in ekspresyonundaki artisin ve SPINK1’in kaybinin bizim de elde
ettigimiz sonuglarla uyumlu bir sekilde mesane kanseri hastalarinda kotii prognozla iliskili
oldugu gosterilmistir. Geriye kalan 4 genin ekspresyonu i¢in dogrudan mesane kanseri
hastalarinin prognozuyla iliskili bir rapor bulunmamaktadir. Bununla beraber, gen listemizde
bulunan 2 genin (PSCA ve FER1L4) ekspresyonunda arastirilan parametreler acisindan bir
degisim belirleyemedik. Her ne kadar PSCA’nin prognoz agisindan bir biyomarker
olamayabilecegini kabul etsek bile FER1L4 agisindan durum biraz daha farklidir. Clnki bu
arastirmada kullandigimiz veritabanlari, platformlar ve analiz araglari protein kodlayan
genlerin ekspresyonlarina gore optimize edilmistir ve buna bagli olarak da kodlamayan genler
acisindan bir sonug¢ vermezler. Bu nedenle, ilerideki donemlerde protein kodlamayan genler
icin optimize edilmis veritabanlari, platformlar ve analiz araglari ile FER1L4’{i mesane kanseri
hastalarinin prognozu agisindan analiz edecegiz.

Anahtar Kelimeler: Mesane kanseri, Prognoz, Biyobelirte¢, Gen ekspresyonu, TCGA
ABSTRACT

Bladder cancer is a common malignancy characterized by a high recurrence rate and molecular
heterogeneity. As with other malignancies, accurately predicting the prognosis in bladder
cancer is crucial for choosing appropriate treatment options; however, routine clinical and
pathological evaluations may be insufficient in this regard. Therefore, investigation of novel
prognostic biomarkers by using sources other than data obtained from routine tests is a very
attractive approach. In this study, we analyzed gene expression data of bladder cancer patients
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deposited in public databases to investigate probable biomarkers that can be used to predict the
prognosis, in concordance with this approach.

In this study, gene expression data of bladder cancer (BLCA) patients that deposited in The
Cancer Genome Atlas (TCGA) database has been used. TCGA data were accessed via the
University of California in Santa Cruz (UCSC)'s Xena platform, and patients were first
classified into "alive™ and "dead™ groups. Then, comparative gene expression analyses were
performed between "dead" and "alive" bladder cancer patients to identify differentially
expressed genes. In the analyses, the limma-voom approach was used to identify differentially
expressed genes, and the statistical significance criteria were set as p < 0.05 and |log2FC| > 1.
To assess the prognostic significance of each differentially expressed gene survival analyses
were first performed using the DoSurvive tool. In this way, the relationship between the
expression level of each gene and the survival probability of bladder cancer patients was
investigated. Then, the expression level of each gene was compared between patients with and
without metastatic tumors using Xena's "ajcc_pathologic_m_diagnoses” module, and the
relationship between the expression level of the relevant gene and the metastasis status of
bladder cancer patients was investigated. Lastly, the Comprehensive Pancancer Analysis of
Drug Sensitivity (CPADS) database was used to examine the effect of each gene's expression
level on the sensitivity or resistance of chemotherapy agents on bladder cancer cells. In this
way, the relationship between the effectiveness of chemotherapy agents used in the treatment
of bladder cancer and the expression levels of the investigated genes was investigated.

Comparative gene expression analysis between the tumors of “alive” and dead bladder cancer
patients revealed significant changes in the expression of DES, DHRS2, FN1, HMGCS2,
PSCA, FER1L4, SFRP2, and SPINK1 genes. The results have shown that there was an increase
in the expression of DES, FN1, and SFRP2 genes, and a decrease in the expression of FER1L4,
SPINK1, DHRS2, HMGCS2, and PSCA genes, in the tumors of dead bladder cancer patients
compared to alive patients. The constructed Volcano plot graph also supports these results.
Survival analyses showed that increased expression of DES and FN1 genes, and decreased
expression of DHRS2, HMGCS2, and SPINK1 genes were associated with lower survival
probability. Our results have shown that the tumors of metastasis (+) bladder cancer patients
have higher expression levels of DES, FN1, and SFRP2, and lower expression levels of DHRS2,
HMGCS2, and SPINK1 genes when compared to the tumors of metastasis (-) bladder cancer
patients. In drug resistance analyses, the results have shown that high expression levels of FN1,
SFRP2, and DES led to resistance to Methotrexate, Gemcitabine/ Methotrexate, and
Gemcitabine/ Doxorubicin/ Methotrexate/ Mitomycin C, respectively.

In this study, the tumors of dead and alive bladder cancer patients were comparatively analyzed
in terms of gene expression changes, and consequently, differentially expressed 8 genes were
identified. Our results show that 6 of these genes (DES, DHRS2, FN1, HMGCS2, SFRP2, and
SPINK1) may be prognostic biomarkers in terms of gene expression changes. Previous studies
have shown that increased expression of FN1 and loss of SPINK1 expression are associated
with poor prognosis in bladder cancer patients, in concordance with our results. However, there
is no report that directly establishes a relationship between the expression of the other 4 genes
in our gene set and the prognosis of bladder cancer patients. On the other hand, we couldn't
determine a relationship between the expression changes of 2 genes in our gene set (PSCA and
FER1L4) and the prognosis of bladder cancer patients. Although we can accept that PSCA may
not be a biomarker for prognosis, the situation is somewhat different for FER1L4. The
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databases, platforms, and analysis tools we used in this study are optimized for the expression
of protein-coding genes. Since FER1L4 is a non-protein-coding gene, we may not have been
able to obtain conclusive results from our analyses. Therefore, we plan to re-analyze FER1L4
in terms of its role in the prognosis of bladder cancer patients using databases, platforms, and
analysis tools optimized for non-protein-coding genes.

Keywords: Bladder cancer, Prognosis, Biomarker, Gene expression, TCGA
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Endiistriyel kirleticiler arasinda yer alan ve 6zellikle tekstil, baski ve gida isleme endiistrilerinde
kullanilan boyar maddelerden kaynakli atik sular baslica ¢evresel endise kaynagidir (Rigueto
vd. 2021; Meng vd. 2024). Bunlarin biyolojik olarak parcgalanabilirliklerinin diisiik olmas1 ve
kaliciliklarinin yiiksek olmasi toksik, mutajenik, kanserojen etkiler gosermekte ve su kalitesinin
bozulmasina neden olmaktadir (Sivashankar vd. 2022; Bellaj vd. 2024). Bu nedenle, boya
iceren atik sularin etkili bir sekilde aritilmasi, siirdiiriilebilir su kaynaklart yonetimi i¢in kritik
oneme sahiptir. Biyolojik siiregler, kimyasal oksidasyon, fotokatalitik bozunma, pihtilasma,
membran ayirma ve adsorpsiyon dahil olmak {izere c¢esitli aritma teknolojileri, atik sudan
boyalar1 uzaklagtirmak i¢in uygulanmistir (Wu vd. 2021; Bellaj vd. 2024). Bunlar arasinda
adsorpsiyon, islemsel kolayligi, maliyet etkinligi, yiiksek uzaklastirma verimliligi ve minimum
ikincil kirletici madde olusumu nedeniyle daha c¢ok tercih edilmektedir(Jiang vd. 2023; Aziz
vd. 2024). Bu yontemde Aktif karbonlar, yiliksek ylizey alanlar1 ve 1yi gelismis gozeneklilikleri
nedeniyle adsorbent olarak yaygin kullanilmaktadir (Wang vd. 2022; Xu vd. 2024b). Ancak,
yuksek Uretim maliyetleri ve kimyasal aktivasyonla iligkili ¢evresel endiseler aktif karbonlarin
kullanimin1 sinrlamaktadir. Bunlarin yerine tarimsal ve gida isleme atiklarindan elde edilen
diisiik maliyetli, siirdiiriilebilir biyokarbonlara yonelik ilgi giderek artmaktadir.

Bu ¢alismanin amaci, endiistriyel atik olan adagay1 posasindan(AP) proliz yoluyla biyokarbon
elde etmek. Daha sonra elde edilen bu biyokarbonun izoterm ve termodinamik ¢aligmalar
yoluyla secilen katyonik (MM) ve anyonik (AO-7) boyalara kars1 adsorpsiyon performansini
degerlendirmektir. Bunun igin endiistriyel olarak islenmis adagayr (Salvia fruticosa L.)
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posasindan biyokarbon eldesi i¢in optimum piroliz sicakligini belirlemek amaciyla yikanmis ve
ogitiilmiis AP’ler 10 °C/min 1sitma hizina ayarlanmis tiip firin (Protherm PZF12/105/750 )
icinde 100 mL/dk akis hiziyla azot gazi(%99 saflikta) ortaminda sirasiyla 400-900 oC
arasindaki sicakliklarda 1 saat piroliz islemi yapildiktan sonra numune azot gazi ortaminda oda
sicakligina kadar sogutuldu. Daha sonra 0,1 M HCI c¢ozeltisi ile 2 saat boyunca temas
ettirildikten sonra saf su ile pH 7 olana kadar durulandi. Akabinde 105 oC’ ye ayarlanmis bir
etlivde 24 saat boyunca kurutulduktan sonra 80-100 mesh pargacik boyutuna 6giitiildii. Piroliz
islemi sonrasi elde edilen biyokarbonlarin SBET, VT ve DP dahil olmak (izere g6zenek
Ozelliklerinin analizi, -196 °C'de N: adsorpsiyon-desorpsiyon izotermleri kullanilarak
karakterize edildi (Sekil 1). Sonuglar, en yiiksek yiizey alaninin (SBET:432,4 m2/g; VT:0,213
cm?/g Dp: 1,97 nm )700 °C'de elde edildigini gosterdi ve adsorpsiyon caligsmalari i¢in bu
sicaklikta elde edilen biyokarbon (APK) kullanildi.

(a) (b) (e)
0.25
500 0.25
432'42404-55.4@_99 0.213 2 192 197 190
400 02 0.192 g 184 1.65
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Sekil 1 Piroliz sicakliginin iiretilen APK'larin BET yiizey alan (Sger) (a), toplam gdzenek hacmi (V1) (b) ve
ortalama g6zenek ¢ap1 (Dp) () Uzerindeki etkileri

APK’nin, katyonik boyar madde Metilen Mavisi (MM) ve anyonik boyar madde Asit Turuncu-
7 (AO-7)’ya kars1 adsorpsiyon performansi, dogal pH kosullarinda sistematik olarak incelendi.
Bunun i¢cin MM ve AO-7 adsorpsiyon izoterm ¢alismalari, dogal pH degerlerinde, 0,05g APK
ve 25-800 mg/g arasinda degisen farkli derisimli ¢ozeltilerinin 50 mL'si alinarak 20, 30 ve 40
oC sicakliklarina ayarlanmig calkalayicida 5 saat boyunca 120 rpm c¢alkalama hizinda
gerceklestirildi. Calisilan baslangi¢ derisimleri (Co) ile onlarin maksimum dalga boylarinda
(MM igin 665nm ve AO-7 igin 485nm) 6l¢iilen denge derisimi (Ce ) degerlerinden adsorplanan
miktar (Qe) degerleri hesaplanarak, Ce degerlerine kars1 Qe degerleri grafige gecirilmesi
suretiyle izoterm egrileri ¢izildi (Sekil 2).
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Sekil 2. Farkli Sicakliklarda APK tarafindan sudan MM ve AO-7 adsorpsiyonlarina ait izoterm gizimleri
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Denge verileri Freundlich (Freundlich, 1906) ve Langmuir (Langmuir, 1918) izotermleri ile
analiz edildi. Adsorpsiyon siirecinin termodinamik davranisini tanimlamak igin, farkl
sicakliklarda elde edilen denge verilerinden Gibbs serbest enerjisi (AGO0, kJ/mol), entalpi (AHO,
kJ/mol) ve entropi (AS0, kJ/mol K) dahil olmak iizere termodinamik parametreler hesaplandi.
Her iki boyar madde icin belirlenen Freundlich ve Langmuir izoterm parametreleri ile
korelasyon katsayilar1 (R?) ve termodinamik parametreleri Tablo 1°de sunulmustur.

Table 1. APK uzerine MB ve AO-7 adsorpsiyonlari i¢in izoterm ve termodinamik parametreler

Izoterm parametreler Thermodinamik
Model: Freundlich Langmuir
T(K) K 1n R? Qm Kwx10? R? RL -AG®  AH® AS°
MB
293 159 0.41 0.9541 226 108 09958 0.183 19.86 19.83 0.134
303 2.00 0.38 0.9683 252 101 09919 0.175 20.36
313 4.18 0.29 0.9557 27.8 184 09967 0.117 22.58
AO-7
293 2.07 0.25 0.9404 74 243 09980 0.109 22.05 3.72 0.088
303 229 0.22 0.9419 84 291 09986 0.101 23.35

313 249 0.21 0.9510 10.0 297 0.9979 0.093 23.80
" Ke: (mg/g)(L/mg)*" ; Qm: (mg/g); KL:L/mg; AH®: (kJ/mol); AS®: (J/mol K); AG®: (kJ/mol)

Elde edilen sonuglar (R? degerlerinden de anlasilacagi iizere) hem MM hemde AO-7 igin
langmuir modeline daha 1y1 uyum sagladigim gosterdi. Ayrica, her iki adsorpsiyon sistemi i¢in
hesaplanan boyutsuz ayirma faktorii (RL) ve Freundlich sabiti (1/n) degerlerinin 0 ile 1
araliginda yer almasi, adsorpsiyon siirecinin elverisli oldugunu gdsterdi. Bunun yani sira, Tablo
1’de verilen termodinamik parametreler incelendiginde AH® degerlerinin her iki boya i¢in de
pozitif degerler almasit APK yiizeyinde gerceklesen adsorpsiyon surecinin endotermik
karakterde oldugunu gosterdi.

Anahtar Kelimeler: Adacay: posasi; Biyokarbon; Boya adsorpsiyonu; fzoterm,; Termodinamik

ABSTRACT

Wastewaters originating from dyes, which are among the major industrial pollutants and are
widely used in textile, printing, and food processing industries, constitute a significant
environmental concern (Rigueto et al., 2021; Meng et al., 2024). Due to their low
biodegradability and high persistence, these compounds exhibit toxic, mutagenic, and
carcinogenic effects, leading to the deterioration of water quality (Sivashankar et al., 2022;
Bellaj et al., 2024). Therefore, the effective treatment of dye-containing wastewaters is of
critical importance for sustainable water resource management. Various treatment technologies,
including biological processes, chemical oxidation, photocatalytic degradation, coagulation,
membrane separation, and adsorption, have been applied to remove dyes from wastewater (Wu
etal., 2021; Bellaj et al., 2024). Among these methods, adsorption is more widely preferred due
to its operational simplicity, cost-effectiveness, high removal efficiency, and minimal formation
of secondary pollutants (Jiang et al., 2023; Aziz et al., 2024). In this method, activated carbons
are commonly used as adsorbents due to their high surface area and well-developed porosity
(Wang et al., 2022; Xu et al., 2024b). However, the high production costs and environmental
concerns associated with chemical activation limit their widespread use. Consequently, there is
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increasing interest in low-cost and sustainable biochars derived from agricultural and food
processing wastes as alternative adsorbents. The aim of this study is to produce biochar from
industrial sage waste via pyrolysis and subsequently evaluate its adsorption performance toward
selected cationic (MM) and anionic (AO-7) dyes through isotherm and thermodynamic
analyses. For this purpose, a low-cost biochar (APK) was produced from industrially processed
sage (Salvia fruticosa L.) waste (AP) via pyrolysis at 700 °C for 1 hour. The obtained APK
exhibited a well-developed porous structure with a specific surface area (BET) of 432.4 m2/g,
a total pore volume of 0.213 cm?3/g, and an average pore diameter of 1.97 nm. The adsorption
performance of APK toward the cationic dye Methylene Blue (MM) and the anionic dye Acid
Orange-7 (AO-7) was systematically investigated under natural pH conditions. The
experimental data were evaluated using Freundlich and Langmuir isotherm models. The
adsorption isotherm data showed a better fit to the Langmuir model, with higher correlation
coefficients. The maximum adsorption capacities were determined as 27.8 mg/g for MM and
10.0 mg/g for AO-7. Furthermore, the dimensionless separation factor (R.) and Freundlich
constant (1/n) values for both adsorption systems were found to be within the range of 0-1,
indicating favorable adsorption processes. Thermodynamic analysis results revealed that the
adsorption processes were spontaneous and endothermic.

Keywords: Sage waste; Biochar; Dye adsorption; Isotherm; Thermodynamics
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ABSTRACT

The study of nonlinear elliptic equations involving (p(x), g (x))-growth conditions, particularly
those governed by the (p(x),q(x))-Laplacian and the associated (p(x), q(x))-biharmonic
operators, has become a prominent and rapidly developing area within modern nonlinear
analysis. These models extend classical constant-exponent frameworks by allowing the growth
rates to vary spatially, thereby offering a more flexible and realistic mathematical setting for
the description of heterogeneous media. In contrast to standard models with uniform
nonlinearities, the (p(x), q(x))-structure captures the coexistence of different physical regimes
within a single domain. This feature significantly enhances the applicability of such equations
in modeling complex phenomena arising in physics, engineering, and applied sciences.

A typical (p(x), q(x))-Laplacian operator (or double-phase operator) is defined as:

Apoy,geont = div(l Vu [PO72 vyt | Ty [90972 vy) 1)

This operator represents the superposition of two nonlinear diffusion mechanisms governed by
variable exponents p(x)and q(x), allowing for a refined description of materials or processes
exhibiting spatially dependent responses. When higher-order effects are taken into account, one
is naturally led to consider (p(x), q(x))-biharmonic operators of the form

Apcoaeptt = A(1 Au PO72 Au) + A(] Au 199972 Au) @)

Which arise in problems involving bending, curvature, or higher-order diffusion processes.
Such operators play an important role in applications where second-order models are
insufficient to capture the underlying physical behavior. Due to the lack of classical smoothness
of solutions, the analysis of these equations is typically carried out in the framework of weak
solutions. In this setting, solutions are sought in variable exponent Sobolev spaces such as
WP Q) n Wa®Q)for second-order problems and W2P™)(Q)for higher-order
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equations. These spaces generalize the classical Sobolev spaces but possess more intricate
structural properties. In particular, they are not translation invariant and their functional-
analytic behavior depends strongly on the regularity and boundedness of the exponent
functions. The condition 1 < p~ < p* < o is typically imposed to ensure reflexivity and the
applicability of variational methods.

A central approach to studying these problems is provided by variational techniques. Under
appropriate assumptions, the differential equation can be reformulated as the Euler-Lagrange
equation associated with an energy functional of the form

= 1 p(x)y 1 q(x) _
J(w) jﬂ(p(x)IVuI +q(x)|Vu| ) dx fQF(x,u)dx (3)

The existence of weak solutions is thus reduced to the problem of identifying critical points of
this functional. However, the analysis is complicated by the presence of nonstandard growth
conditions, which lead to a lack of homogeneity and, in some cases, a failure of uniform
convexity. As a consequence, classical tools from critical point theory cannot be applied
directly without significant modifications.

To overcome these challenges, a variety of advanced analytical techniques have been
developed. These include modular convergence methods, inequalities adapted to variable
exponent spaces, and refined compactness arguments. The log-Holder continuity of the
exponents p(x)and q(x)is often assumed in order to guarantee the validity of embedding
theorems and compactness results. Existence results are typically obtained using the direct
method in the calculus of variations, as well as minimax principles such as the mountain pass
theorem and linking arguments. In addition, suitable growth conditions on the nonlinear term,
including subcritical growth and Ambrosetti—-Rabinowitz-type assumptions, are frequently
imposed to ensure the boundedness of Palais—Smale sequences and the applicability of
variational methods.

In the case of (p(x), q(x))-biharmonic equations, the analysis becomes considerably more
involved due to the presence of higher-order derivatives. Establishing compact embeddings in
second-order variable exponent Sobolev spaces requires stronger assumptions on both the
domain and the exponent functions. Moreover, the lack of compactness and the increased
complexity of the associated energy functional pose additional technical difficulties.
Nevertheless, recent advances have led to significant progress in establishing the existence,
multiplicity, and qualitative properties of weak solutions in this setting.

Beyond their theoretical interest, equations involving (p(x), q(x))-growth conditions have
numerous important applications. One of the most prominent examples arises in the modeling
of electrorheological fluids, whose viscosity depends on the intensity of an applied electric
field, leading to spatially varying material properties. Variable exponent models are also widely
used in image processing, particularly in denoising, restoration, and edge detection tasks, where
adaptive diffusion mechanisms allow for simultaneous noise reduction and edge preservation.
The inclusion of higher-order biharmonic terms further improves the modeling of curvature-
driven processes and enhances the quality of the reconstructed images.
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Additional applications can be found in elasticity theory and the study of composite materials,
where mechanical properties vary across the domain. The (p(x), q(x))-framework provides a
natural way to describe materials with nonuniform hardening behavior or multi-phase
structures. Furthermore, these models appear in fluid dynamics, biological systems, and
reaction—diffusion processes, where spatial heterogeneity plays a crucial role.

In conclusion, nonlinear elliptic equations involving the (p(x),q(x))-Laplacian and
(p(x), g(x))-biharmonic operators constitute a rich and dynamic area of research. By
combining sophisticated mathematical techniques with a wide range of practical applications,
this field continues to address the challenges posed by nonstandard growth conditions and
higher-order nonlinearities, while offering new perspectives for both theoretical investigation
and applied modeling.

Keywords: (p(x),q(x))-Laplacian, (p(x), q(x))-biharmonic operators, Nonlinear elliptic
equation, Variable exponent spaces
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07/
Tarihi yapilar, toplumlarin sosyo-politik ve kiiltiirel kimligini yansitan kolektif hafiza
unsurlaridir (Ergin Dogan,2022:); ancak savaslar, kontrolsiiz go¢ ve modernlesme gibi
faktorler yapilarin zarar gdrmesine veya yok olmasina neden olmustur. Bu durum mirasin
korunmasini ulusal bir boyuttan kiiresel bir sorumluluk diizeyine tasimistir (Ahunbay,2022).
Ozellikle Ikinci Diinya Savasi sonrasi yasanan tahribat ve kimlik kaybi riski, 1964 Venedik
Tilziglh gibi uluslararas1t metinlerle koruma eyleminin bilimsel, nesnel ve ¢ok disiplinli bir
zemine oturmasini saglamistir. Bu calisma, yeniden iglevlendirme, ¢agdas ek, yeniden yapim
ve biitlinleme miidahaleleri uluslararas: tliziikler ve etik ilkeler ¢ercevesindeki teorik yerini
saptamay1 ve bu teorik yaklagimlarin uygulama sahasindaki karsiliklarini segili 6rnekler
iizerinden incelemektedir. Oncelikle hem mimari restorasyon kuramecilarinin temel goriislerini
hem de koruma disiplininin anayasasi niteligindeki uluslararast belgeler incelenmistir. Daha
sonra literatiirdeki kuramsal tartismalarin somut yapilar iizerinden degerlendirilmistir. Yapilan
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miidahalelerin dogru ya da yanlis oldugu kisisel goriislerden 6te Venedik, Atina, Washington,
Burra, Nara gibi uluslararas: tiizikklerde yer alan ilkelerin yapilarda nasil karsilik
buldugunu incelemektedir.

Yeniden iglevlendirme, 6zgiin islevini yitirmis kiiltiirel miras yapilarinin, tarihi ve estetik
degerleri korunarak modern kullanimlara uyarlanmasi siirecidir (Europa Nostra, Avrupa
Birligi, 2018). Bu yaklasim, atil yapilar1 toplumsal ve ekonomik hayata yeniden entegre ederek
gecmis ile gelecek arasinda akilci bir diyalog kurmayir amaclar (Cengizkan, 2006).
Uluslararasi tiiziikler uyarinca miidahalelerin en az diizeyde tutulmasi, yapinin 6zgiin plan
semasina zarar verilmemesi ve ¢agdas eklerin orijinal dokudan ayirt edilebilir olmasi temel
ilkedir (International Council on Monuments and Sites [ICOMOS],1964). Bu doniisiim siireci,
glinlimiizde yalnizca mimari bir miidahale degil, ayn1 zamanda siirdiiriilebilirlik ve dongiisel
ekonomi stratejisinin 6nemli bir pargasidir (URL 7). Basarili uygulamalarda, yerel halkin
katilimiyla mekanin ruhu korunurken (URL 16), soylulastirmadan kaginilarak toplumsal fayda
gozetilir (URL 11). Hem kentin gelismesine olanak tanimas1 hem de bulundugu yeri ¢evresiyle
canlandirmasi agisindan onemli restorasyon teknigidir. Nitelikli bir yeniden islevlendirme,

mirast donuk bir nesne yerine yasayan bir yiiksek kaliteli yap: kiiltiirii (Baukultur) 6gesi olarak
gelecege aktarir (Isvigre Konfederasyonu,2018).

Tarihi yapilarin restorasyonunda ¢agdas ek yaklagimi, mirasin korunmasi ile modern
gereksinimlerin karsilanmasi arasindaki dengeyi kuran temel bir miidahale bi¢imidir. Bu
calisma, ¢agdas ek kavraminin 19. yiizyilda Viollet-le-Duc’iin "ideal bi¢ime ulasma" odakli
restorasyon anlayisi ile Ruskin’in "miidahalesiz koruma" savunusu arasindaki catismayla
baslayan siireg, 20. yiizyilda uluslararasi belgelerle sistematik bir ¢ergeveye oturmustur. 1964
tarihli Venedik Tiziigl, cagdas ekin tarihi yapidan ayirt edilebilir olmasin1 ve déneminin
mimari anlayigint yansitmasi gerektigini vurgulayarak modern koruma ilkelerinin temelini
atmisgtir. UNESCO Diinya Miras So6zlesmesi ve Burra Tiizligli gibi belgelerle genisleyen bu
kuramsal c¢erceve; miidahalelerin geri alinabilirligi, kiitle, malzeme ve 6lgek uyumu gibi
parametreleri koruma literatiiriine dahil etmistir. Cagdas ek yaklasimi sadece gorsel bir tercih
degil; kiitle, malzeme ve oran bakimindan 6zgilin yapiyla diyalog kuran, yapiy1r giiniimiiz
konfor sartlarina uyarlayan islevsel bir gerekliliktir. Sonug olarak bu yaklasim, tarihi dokunun
okunabilirligini bozmadan yapinin siirdiiriilebilirligini saglayan en dnemli stratejilerden biri
olarak degerlendirilmektedir.

Tarihi yapilar, kiiltiirel siireklilik ve toplumsal bellegin korunmasinda temel rol oynayan
onemli miras unsurlaridir. Koruma kuraminda istisnai bir miidahale olarak kabul edilen
rekonstriiksiyon, arsiv belgeleri ve arkeolojik verilere dayanmakta; 6zgiinliik, ayirt edilebilirlik
ve geri dondiiriilebilirlik ilkeleri dogrultusunda uygulanmaktadir. Venedik Tiiziigii’nden Riga
Bildirgesi’ne uzanan siirecte, yontemin kapsami fiziksel yeniden {iiretim anlayisindan
toplumsal ve simgesel degerleri de igeren daha genis bir yaklasima evrilmistir. Bu baglamda
Dresden Frauenkirche 6rnegi, savas sonrasi yikimin ardindan dijital teknolojiler ve anastylosis
yontemiyle yiiriitiilen kapsamli bir rekonstriiksiyon siirecini ortaya koymaktadir. Ozgiin
malzeme ile yeni eklerin birlikte kullanildigi bu uygulama, rekonstriiksiyonun yalnizca teknik
bir yeniden insa degil, ayn1 zamanda kiiltiirel kimlik ve kolektif hafizanin yeniden iiretimi
oldugunu gdstermektedir. Sonug olarak rekonstriiksiyon, etik, teknik ve toplumsal boyutlariyla
biitlinciil bicimde degerlendirilmesi gereken ¢ok katmanli bir koruma yaklagimidir.

Tarihi yapilarda biitiinleme (reintegrasyon), zamanla hasar gormiis veya kismen yok olmus
yap1 elemanlarinin, 6zgiin ya da uyumlu ¢agdas malzemelerle tamamlanmas siirecidir. Bu
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miidahalenin temel amaci, yapmin yalnizca estetik biitiinliigiinii yeniden tesis etmek degil,
ayn1 zamanda striiktiirel (yapisal) siirekliligini de giivence altina almaktir. Uygulama siirecinde
disiplinler aras1 bir yaklasim benimsenerek; kullanilan malzemelerin 6zgiin yap1 ile fiziksel ve
kimyasal ag¢idan uyumlu olmasi, ancak ayn1 zamanda 6zgiin kisimlardan ayirt edilebilmesi
bilimsel bir gereklilik olarak kabul edilmektedir. Biitiinleme anlayis1 tarihsel siirecte
uluslararas: tiiziiklerle sekillenmis; 1931 Carta Del Restauro’daki varsayimlardan kaginan kati
yaklasimdan, 1964 Venedik Tiiziigii ile daha esnek bir tamamlama ilkesine evrilmistir. Sonug
olarak, biitinleme miidahaleleri tarihi yapilarin korunmasinda etkili bir yontem olmakla
birlikte, her yapi i¢in 6zgiin, dikkatli ve bilimsel kararlar alinmasini gerektirmektedir.

Venedik Tiiziigli’nden bugiline koruma kuramlari, anit1 nesne olarak gérmekten vazgecip onu
gevresi ve yasanmigligiyla bir biitlin olarak ele alan dinamik bir tasarim siirecine evrilmistir.
Bu siiregte incelenen miidahaleler, tarihsel belgenin korunmasi ile modern yasamin
gereklilikleri arasindaki dengeyi kuran temel stratejiler olarak 6ne ¢ikmaktadir. Bu teknikler,
mirast dondurulmus birer obje olmaktan ¢ikarip kentsel bellegin yasayan pargalari haline
getirmeyi amaglamaktadir. Sonug olarak, her miidahalenin yapinin 6zgiin degerlerine sadik
kalarak kendi doneminin izini diiriistge yansitmasi, kiiltiirel siirekliligin gelecek kusaklara
aktarilmasindaki en temel glivenceyi olusturmaktadir.

Anahtar Kelimeler: Koruma Kuramlari; Yeniden Isleviendirme; Cagdas Ek; Yeniden Yapim;
Batiinleme

ABSTRACT

Historical monuments and structures are vital cultural heritage elements that reflect the
sociological, economic, cultural, and political characteristics of their respective geographies.
To preserve urban memory and cultural values, the protection of these works is an absolute
necessity. While structures were protected through various methods in different historical
periods (Kayan, 2020), cultural heritage—the very memory of the city—has faced severe
degradation due to the massive destruction of wars, the uncontrolled migration triggered by the
Industrial Revolution, and the socio-cultural shifts brought about by modernization.
Consequently, the issue of conservation has evolved from a national concern into an
international responsibility (Ahunbay, 2022). Specifically, the devastating impact of World
War Il and the threat of "loss of identity” posed by modernization revealed that careless
(ICOMOS, 1987), unscientific, and subjective interventions cause irreversible damage. This
realization necessitated the preservation of historical structures based on scientific foundations
and objective methods as the "common memory of humanity” (ICOMOS, 1964). International
charters aim to transform the protection of architectural heritage from an isolated problem into
an integral part of urban and regional planning, establishing a harmonious relationship between
historical sites and the city at large (ICOMOQS, 1975). One of the primary goals of these
documents is to facilitate public participation, employ multidisciplinary expert teams, and
encourage international knowledge sharing to conduct conservation within a framework of
global cooperation based on universal principles (ICOMOS, 1999). The purpose of this study
is to analyze the theoretical evolution of modern conservation doctrine, established by the 1964
Venice Charter, through a critical perspective on adaptive reuse, contemporary additions,
reconstruction, and reintegration interventions. The preservation of cultural heritage is treated
not merely as physical repair, but as an effort to establish a sustainable balance between the
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historical identity of a structure and the dynamic needs of modern society. The scope of this
study is limited to the historical development of international conservation charters, and this
theoretical framework is substantiated through selected examples recognized in the literature.
By analyzing the reflections of theoretical debates on concrete structures, this research
examines how values of authenticity, memory, and continuity are articulated within a
contemporary architectural language. Ultimately, the study aims to determine the theoretical
position of these interventions within the framework of international charters and ethical
principles, providing a holistic methodology for synthesizing collective memory and continuity
in future conservation practices.

Keywords: Conservation Theories; Adaptive Reuse; Contemporary Addition; Reconstruction;
Reintegration
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“Kent ve gokyiizii asla ayn1 kalmiyor.” diyen Italo Calvino’nun bu ifadesi, kentin zamansal ve
mekansal stireklilik iginde durmaksizin doniisen yapisina isaret etmektedir. Kentler, yiizlerce
yil 6ncesinden gilinlimiize uzanan tarihsel siire¢ boyunca insan eliyle liretilmis en kapsamli ve
en karmagsik mekénsal organizasyonlar olarak varliklarini siirdiirmektedir. Kent, yalnizca
fiziksel bicimlerin ardisik degisimiyle degil, onu deneyimleyen Oznenin bellegi, algis1 ve
giindelik pratikleriyle de her an yeniden kurulmaktadir. Kent mekani, zamanla birlikte ele
alindiginda, statik bir arka plan olmaktan ¢ikmaktadir. Dolayisiyla devinim halinde olan kent
mekani; yasanan, hatirlanan ve yeniden anlamlandirilan bir siiregler biitlinii haline gelmektedir.
Kentler yalnizca fiziksel yapilar1 ve cografi sinirlariyla tanimlanmaz. Kent, kendisini var eden
yasamla siirekli etkilesim halindedir. Kentler bir mekéan olarak toplumsal iligkilerin,kulttrel
birikimlerin ve tarihsel siirekliliklerin kesistigi dinamik bir sahnedir.Modernlesme siireci
icerisinde degisen kent, rasyonel planlama, mimari diizenlemeler ve yeni yasam pratikleri
araciligiyla bireyin giindelik deneyimini sekillendirirken, insan da bu mekanla kurdugu iliski
iizerinden kendini yeniden tanimlamaktadir. Bu karsilikli etkilesim, insan ile kent arasindaki
doniisiimiin es zamanl ve siireklilik gosteren bir siire¢ oldugunu ortaya koymaktadir.

Sinema, kent mekaninda mekéan-zaman ve insan iligkisini goriinlir kilan giiclii bir temsil
aracidir. Sinema araciligiyla, kenti yasayan bir varlik; insani1 ise o varligin stirekli degisen bir
pargasi olarak gorebilmek miimkiin olmaktadir. Bu baglamda sinema; siirekli doniisen kenti,
bir bagka deyisle mekanin fiziksel ve toplumsal olarak yeniden {iretimini bir arada sunan giiglii
bir aractir. Modern kent ile modern insanin karsilikli etkilesimini kurgulayan sinema, kurgu
yoluyla kenti zihinsel ve sanatsal diizlemde yeniden Uretir. Modernlesen kent oriintiilerinin bir
iriinii olarak sinema, Louis ve Auguste Lumiére Kardeslerin 1895'te ilk hareketine baslayan
buharli lokomotifiyle kenti ve kent yasamini bicimlendiren ve sahneleyen bir unsur olmustur.
Sinema ile kent arasindaki iliski, mekanin yalnizca gorsel olarak yeniden sunulmasiyla sinirh
degildir; aksine bu iliski, toplumsal iligkiler, iktidar yapilar1 ve tarihsel deneyimlerin i¢ ice
gectigi ¢ok katmanli bir {iretim silirecini ifade etmektedir. Bu temsil diizleminde
diisiiniildiiglinde, sinema kentsel bir kesif olarak kent-kentli ekseninde karsilikli ve stireklilik
gosteren bir etkilesiminden s6z etmek miimkiindiir. Sinemanin bu tiirden bir mekansal ve
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wprumsal iglev tistlenebilmesi, tarihsel olarak onun dogus kosullariyla ve kent ile temas sekliyle
de iligkilidir. Sinema, modernlesmenin sembollerinden biri olarak algilanmis; teknoloji, kent
yasami ve toplumsal doniisiim arasindaki iliskiyi goriiniir kilmistir. Ulkemizin bir¢ok kentinde
de sinema kiiltiiriiniin gelisimi, kentin modernlesme siireciyle paralel ilerlemistir. 20. yiizyilin
ortalarindan itibaren agilan sinema salonlari, kentlerin kamusal yasaminda yeni sosyallesme
mekanlar1 yaratmistir. Bu modernlesme siirecinin Diyarbakir baglaminda da benzer dinamikler
dogrultusunda tezahiir ettigi gériilmektedir.

Diyarbakir, Tiirkiye’nin glineydogusunda, Mezopotamya cografyasinin kuzeyinde yer alan,
geleneksel kent merkezini ¢evreleyen binlerce yillik kent surlar1 ve birgok tarihi degeriyle
onemli bir kenttir. 2015 yilinda “Diyarbakir Surlar1 ve Hevsel Bahgeleri” UNESCO Diinya
Kiiltiir Mirasi listesine alinmistir.  Giiniimiizde Diyarbakir hem kokli tarihsel ge¢misinin
izlerini barindiran hem de modern kentlesme siireclerini yasamis bir kent olarak varligini
strdirmektedir. Geleneksel kent merkezini gevreleyen binlerce yillik surlarin, tarihi dokunun
ve modern yapilasmanin i¢ i¢e gectigi Diyarbakir; bu fiziksel birlesime eslik eden toplumsal
dontisiim, mekansal siireklilik ve degisim iliskisi acisindan 6zgiin bir inceleme alani
sunmaktadir. Tarihsel ve toplumsal bir¢cok 6zelligi sebebiyle Diyarbakir, 6zellikle son yillarda
bir¢ok sinema filminin ve dizinin ¢ekildigi bir kent olmustur.Bu calismada, kent mekaninin
sinema araciligiyla tiretimini analiz etmek i¢in Diyarbakir kentinin se¢ilmesinin sebeplerinden
biri budur. Bunun yanisira, ¢alismanin yazari olarak, Diyarbakir’in dogup biiylidiiglim yer
olmasi, mekanla kurdugum kisisel bag ve deneyimlerim, Diyarbakir’in sinemada temsiline
yOnelik daha biitiinciil bir yaklagim gelistirilmemi miimkiin kilmaktadir.

Calisma kapsaminda, Diyarbakir kentinin sinema araciligiyla nasil temsil edildigi ve yeniden
uiretildigi incelenmektedir. Bu baglamda, Diyarbakir kentinin sinemadaki mekansal iiretimine
odaklanarak, 1969-2026 yillar1 arasinda Diyarbakir’da ¢ekilmis veya kenti konu almig yirmi i¢
adet filmler incelenerek mekansal bir perspektiften okunmus ve Diyarbakir’in goriintirligi,
temsili ile imgesel tiretimi baglaminda degerlendirilmistir. Diyarbakir’in sinemadaki temsilleri,
yalnizca bu kentin hafizasin1 ve kimligini degil, ayn1 zamanda Tiirkiye’nin kolektif bilincinde
“dogu”, “gdc”, “kentlesme” ve “aidiyet” gibi meselelerin nasil anlamlandirildigini da goriintir
kilmaktadir. Calismada, Diyarbakir 6rnegi ilizerinden, kentlerin modernlesme siireglerini
anlamak i¢in fiziksel planlamanin yani sira, kentlerin kiiltiirel ve imgesel insasini da hesaba
katmanin 6nemi vurgulanmaktir.

Bu caligmanin amaci, Diyarbakir kentinin sinemadaki mekansal temsiline odaklanarak, kentin
gorsel ve anlatisal diizeyde nasil yeniden iiretildigini ortaya koymaktir. Calismada, belirlenen
ozelliklere gore segilen filmler iizerinden Diyarbakir’in sinemada nasil temsil edildigi
incelenmistir. Bunun igin, ilgili filmlerden kimi sahneler igerik analizi ve gostergebilimsel
¢oziimleme yoOntemleri kullanilarak degerlendirilmistir. Caligma kapsaminda mekansal
gostergeler; karakterlerin mekan igerisindeki konumlanislari, renk, 151k ve kadraj gibi sinemasal
unsurlar araciligiyla ele alinmigtir. Bu unsurlar iizerinden Diyarbakir’in imgesel iiretim
stiregleri cok katmanli bir perspektifle analiz edilmistir.

Yapilan ¢aligma, Diyarbakir’in sinemadaki temsillerinin, kenti birgok agidan yeniden trettigini
gostermektedir. Bu dogrultuda, kentin sinematik temsili hem somut mekansal gergeklikler hem
de kiiltiirel, toplumsal ve ideolojik anlam katmanlar1 iizerinden insa edilmektedir. Bu baglamda,
Diyarbakir’in sinemadaki temsillerinin, kenti ne yalmizca fiziksel bir gergeklik diizlemine
indirgedigi ne de egemen sdylemlerin soyut ve indirgemeci temsilleriyle sinirlandirdigi
sOylenebilir. Filmlerin analizlerinden elde edilen veriler dogrultusunda, kentsel mekanin
sinema aracilifiyla yalnizca temsil edilmedigi, ayn1 zamanda yeniden anlamlandirildigi,
dontstiiriildiigii ve iiretildigi goriilmektedir.
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ABSTRACT

Diyarbakir, located in southeastern Tirkiye and in the northern part of the Mesopotamian
region, is a significant city known for its millennia old city walls encircling the traditional city
center and its numerous historical treasures. Diyarbakir, where millennia old city walls,
historical fabric, and modern development intertwine, offers a unique field of study in terms of
the social transformation accompanying this physical convergence, as well as the relationship
between spatial continuity and change. This study examines how the city of Diyarbakir is
represented and reproduced through cinema. In this context, by focusing on the spatial
production of Diyarbakir in cinema, twenty-three films shot in Diyarbakir or featuring the city
between 1969 and 2026 were analyzed from a spatial perspective and evaluated in terms of
Diyarbakir’s visibility, representation, and visual production. Diyarbakir’s representations in
cinema reveal not only the city’s memory and identity but also how issues such as “the east,”
“migration,” “urbanization,” and “belonging” are interpreted within Turkiye’s collective
consciousness. Through the example of Diyarbakir, the study emphasizes the importance of
considering not only physical planning but also the cultural and visual construction of cities
when seeking to understand their modernization processes.

The aim of this study is to reveal how the city of Diyarbakir is reproduced on a visual and
narrative level by focusing on its spatial representation in cinema. The study examines how
Diyarbakir is represented in cinema through films selected based on specific criteria. To this
end, selected scenes from the relevant films were evaluated using content analysis and semiotic
analysis methods. Within the scope of the study, spatial indicators such as the positioning of
characters within the space, as well as cinematic elements like color, light, and framing were
examined. Through these elements, the processes of Diyarbakir’s visual production were
analyzed from a multi layered perspective.

This study demonstrates that cinematic representations of Diyarbakir reproduce the city in many
ways. In this regard, the city’s cinematic representation is constructed through both concrete
spatial realities and layers of cultural, social, and ideological meaning. In this context, it can be
argued that cinematic representations of Diyarbakir neither reduce the city to a purely physical
plane of reality nor confine it to the abstract and reductive representations of dominant
discourses. Based on data derived from film analyses, it is evident that urban space is not merely
represented through cinema but is also reinterpreted, transformed, and produced.

Keywords: Cinema; Diyarbakir; Modern City; Spatial Representation; The Production of
Space
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Saglik yapilar1 tarih oncesinden itibaren inga edildikleri donemin tarihi, ekonomisi, toplum
yapisi, donemin hastaliklar1 ve salginlarindan etkilenmistir. Bu baglamda saglik yapilari islev
ve donemine bagli ¢esitli isimler verilmistir. Anadolu Selguklu yapilarinin goériildiigii kentler
de saglikla ilgili yapilarda tip egitimi verilen medreseler, Dariigsifalar ve Bimarhaneler
bulunmaktadir. Daha sonraki donemlerde bulasict hastaliklarin  ortaya ¢ikmasiyla
Tephirhaneler, Tahaffuzhaneler, Bakteriyolojihaneler gibi mekénsal olarak saglik yapilarinin
bicim ve mimari Ozellikleri agiklanmistir. Bu tarihsel gelisim siireci, saglik yapilarinin
toplumun ihtiyaglarina gore doniiserek giinlimiize kadar geldigini gostermekte olupgiiniimiizde
saglik hizmetlerinin organizasyonu ve mekansal kurgusu da bu degisimin bir devami niteligi
tasimaktadir.

Toplumun saghgina katki saglamak temel hedefiyle tasarlanan saglik yapilari, gerekli tani,
teshis ve tedavi birimlerini igeren 6nemli kamusal binalardir. Aile sagligi merkezleri ise bu
yapilarin en kii¢lik yap1 tasini olugturmaktadir. Tiirkiye’de saglik hizmetlerinin yaygin ve
erisimi kolay olmasi amaciyla 2010 yil1 itibariyle tiim illerde aile hekimligine gecilerek saglik
ocaklar aile sagligi merkezlerine (ASM) donistiiriilmiis ve ek ASM’ler kurulmustur. Aile
saglig1 merkezlerinin yerlesim yeri agisindan, saglik hizmetlerinin ¢esidine ve niteligine uygun
olmast, hizmeti sunan ve kullananlarin memnuniyetini saglamasi, fonksiyonel ve yapisal olarak
belirlenen asgari sartlari saglamasi ve hizmetten yararlanacaklarin kolayca ulasabilecekleri
yerde olmasi esas1 bulunmaktadir. Bununla birlikte; yerlesim birimlerine yakin olmak, trafik
yogunlugundan az etkilenmek, toplu tasim araglar ile rahat erisilebilir noktalarda bulunmak,
yakin ve orta vadede gelisme potansiyeli yiiksek bir bolgede olmak ve diger saglik tesislerine
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ve niifus yogunlugu bulunan alanlara yakin olmak gibi kriterler Saglik Bakanligi’nca yer
seciminde kullanilmaktadir. Aile Sagligt Merkezi (ASM) bina mimari tasariminda ise;
planlama kararlari, malzeme se¢imi, 1s1l-gorsel-isitsel konfor kosullari, i¢ ortam hava kalitesi
ve sosyal-psikolojik konfor gerekliliklerinin bir biitiin olarak ele alinmasi olduk¢a 6nemlidir.

Sicaklik, termal konfor, i¢ ortam hava kalitesi, pasif iklimlendirme ve giin 15181 aydinlatma gibi
faktorler saglik yapilarinda i¢c mekan konfor kalitesini sekillendiren 6nemli unsurlardir. Biitlin
yapilarda oldugu gibi saglik yapilarinda da oncelikle tasarim asamasinda termal konforu
saglayacak onlemler alinmalidir. Binalarda termal konfor kapsaminda i¢ ortam hava kalitesi,
hava hareketi, hava basinci, nem diizeyi, sicaklik konular birlikte ele alinmalidir. Ayrica bina
kullanicilarinin eylemlerine bagli olarak; bagil nem, hava hareketi, 1s1l diizey ve i¢ mekan
Ogelerinin ylizey sicakliklarinin da makul araliklarda olmasi da arzu edilen 1s1l konfor kosullar
i¢in dnemli bir etkenlerdir. Insan ve doga odakl1 tasarim yaklasimlarinin hastalarin iyilesme ve
saglik ¢alisanlariin da ¢alisma performanslari tizerindeki etkileri lizerine yapilan ¢alismalara
gore; hava kalitesi, termal konfor, mahremiyet, akustik konfor, dogal aydinlatma, dogal
havalandirma, renk, iletisim, dogal malzeme ve doku kullanimlarinin hastalarin iyilesme
stirecini etkiledigi ve olumlu yonde hizlandirdig1 6ne siiriilmektedir. Dolayisiyla dogal 151k
kullanimu ile birlikte dogru aydinlatma tasarimi ekolojik saglik yapisi tasariminda daha da 6nem
kazanmaktadir. Bu dogrultuda; mekanlarda gerekli aydinlik diizeyini olusturmak, hacmin her
noktasinda esit seviyede gerekli 1sik diizeyinin saglanmasi, miimkiin mertebe giin 15181
kullanilarak pasif yontemlerle saglanmasi ve bu dogrultuda giin 151811 azami olarak igeri
alabilecek sekilde pencere kullaniminin yonlendirilmesi olduk¢a onemlidir. Bunun yani sira
pencerelerin bina tasariminda konumlandirilmasi ve Olgiilendirilmesi de doga yaklagimini
desteklemesi noktasinda 6dnem verilmesi gereken kararlardir. Pencerelerde dogru malzeme
tercih edilmesi; 1sitma veya sogutma i¢in kullanilan enerji ihtiyacini diisiirerek, 1s1 kaybini
azaltmakta ve bu sayede enerji korunumu gergeklestirilebilmektedir.

Dolayistyla saglik yapilar tasariminda mimari mekan kalitesinin saglik ¢alisanlar1 ve kullanici
memnuniyeti baglaminda ele alinmasi saglikli caligma ortamlarinin olusturulmasi agisindan
onemli olmaktadir. Bu nedenle Diyarbakir’da yer alan Karacali Aile Saglik Merkezi
kullanuiclart ve merkezde gorev yapan saglik calisanlarinin kullanim siirecinde mekén
kalitesinin degerlendirilmesi bu calismanin temel amacini olusturmustur. Bu calismada
hastalarin ve saglik calisanlarinin ¢alisma ortamlarinin kullanici ihtiyaglarimi ne o6l¢iide
karsiladig ve kullanici memnuniyeti agisindan mimari mekan kalitesinin degerlendirilebilmesi
icin Sur ilgesinde bulunan karagali aile sagligi merkezinde alan ¢alismasi yapilmistir. Alan
calismasi literatlir taramasi, mimari proje okumalari ve anket arastirma tekniklerinde
dayandirilarak gerceklestirilmistir. Aile Saglig1 Merkezleri “hasta yogunluguna baglh mekansal
yapilanmalarmin kapasite/sayisal yeterliligi”, “mekéansal c¢aligma alanlarmin boyutsal
uygunlugu”, “mobil makine ve ekipman acisindan mekansal sirkiilasyon uygunlugu” ve
“mekansal konumlandirilma uygunlugu” kriterleri a¢isindan degerlendirilmistir. Anket teknigi
70 kisi ile birebir yliz yiize yapilmistir. Calisma sonucunda hasta, hasta yakinu ve saglik
calisanlarinin problemli olarak tanimladiklar1 alanlarin girig-fuaye, muayene odalari, hastane
bahgesi ve otopark oldugu tespit edilmistir. Bu tespitler sonucunda yeni yapilacak aile sagligi
merkezleri i¢in bazi stratejiler ve tasarimlar belirlenmistir. Bu tasarim yaklagimlarinin temeli
insan odakli olmakla birlikte kullanici memnuniyetinin arttirtlmasina yonelik islevsellik,
ulagilabilirlik, mahremiyet, yon bulma bulma kolaylig1 gibi kullanici gereksinimlerini
destekleyici fiziksel konfor kosullarmi temsil eden mekéansal tasarim ¢oziimlerinin
sunulmasidir.
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ABSTRACT

Healthcare facilities, from prehistoric times onwards, have been influenced by the history,
economy, social structure, diseases, and epidemics of the period in which they were built. In
this context, healthcare facilities have been given various names depending on their function
and period. In cities where Anatolian Seljuk structures are found, healthcare facilities included
madrasas (religious schools) where medical education was provided, Dartlissifas (hospitals), and
Bimarhanes . In later periods, with the emergence of infectious diseases, the spatial forms and
architectural features of healthcare facilities were explained, such as Tephirhanes
(pharmaceutical facilities), Tahaffuzhanes (quarantining facilities), and Bacteriology facilities.
This historical development process shows that healthcare facilities have transformed according
to the needs of society and have evolved to the present day, and the organization and spatial
design of healthcare services today are a continuation of this change.

Healthcare facilities, designed with the primary goal of contributing to public health, are
important public buildings containing necessary diagnostic, treatment, and care units. Family
health centers constitute the smallest building block of these structures. In Turkey, to ensure
widespread and easily accessible healthcare services, since 2010, health centers have been
transformed into family health centers (FHCs) in all provinces, and additional FHCs have been
established. The location of family health centers is based on the principles of suitability for the
type and quality of healthcare services provided, ensuring the satisfaction of both service
providers and users, meeting minimum functional and structural requirements, and being easily
accessible to those who will benefit from the services. However, criteria such as proximity to
settlements, minimal impact from traffic congestion, easy accessibility via public
transportation, location in an area with high development potential in the short and medium
term, and proximity to other health facilities and densely populated areas are used by the
Ministry of Health in site selection. In the architectural design of Family Health Centers, it is
crucial to consider planning decisions, material selection, thermal-visual-auditory comfort
conditions, indoor air quality, and social-psychological comfort requirements as a whole.

Temperature, thermal comfort, indoor air quality, passive climate control, and daylighting are
important factors shaping the quality of indoor comfort in healthcare buildings. As with all
buildings, measures to ensure thermal comfort should be taken primarily during the design
phase in healthcare buildings. In buildings, indoor air quality, air movement, air pressure,
humidity level, and temperature should be considered together within the scope of thermal
comfort. Furthermore, depending on the activities of building users, relative humidity, air
movement, thermal level, and surface temperatures of interior elements should also be within
reasonable ranges, which are important factors for achieving desired thermal comfort
conditions.

According to studies on the effects of human and nature-oriented design approaches on patient
recovery and healthcare worker performance, air quality, thermal comfort, privacy, acoustic
comfort, natural lighting, natural ventilation, color, communication, and the use of natural
materials and textures are suggested to influence and positively accelerate the healing process
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of patients. Therefore, the use of natural light along with proper lighting design is gaining even
more importance in the design of ecological healthcare facilities. Accordingly, it is crucial to
create the necessary level of illumination in spaces, to ensure an equal level of light throughout
the volume, to utilize daylight as much as possible through passive methods, and to direct
window usage in a way that maximizes daylight entry. Furthermore, the positioning and sizing
of windows in building design are also important decisions that should be considered in order
to support a nature-oriented approach. Choosing the right materials for windows reduces energy
needs for heating or cooling, minimizes heat loss, and thus enables energy conservation.

Therefore, in the design of healthcare facilities, considering the quality of architectural space
in the context of healthcare workers' and user satisfaction is crucial for creating healthy working
environments. For this reason, evaluating the quality of space during the usage process of the
Karagali Family Health Center in Diyarbakir, among its users and healthcare workers,
constitutes the main objective of this study. In this study, a field study was conducted at the
Karagali Family Health Center in the Sur district to assess the extent to which the working
environments meet the user needs of patients and healthcare workers, and to evaluate the quality
of architectural space in terms of user satisfaction. The field study was conducted based on
literature review, architectural project readings, and survey research techniques. Family Health
Centers were evaluated in terms of "capacity/numerical adequacy of spatial structures
depending on patient density," "dimensional suitability of spatial workspaces," "suitability of
spatial circulation in terms of mobile machinery and equipment," and "suitability of spatial
positioning." The survey technique was conducted face-to-face with 70 people. As a result of
the study, it was determined that the areas identified as problematic by patients, their relatives,
and healthcare workers were the entrance-foyer, examination rooms, hospital garden, and
parking lot. As a result of these findings, some strategies and designs have been determined for
the new family health centers to be built. While the basis of these design approaches is human-
centered, it aims to provide spatial design solutions that represent physical comfort conditions
supporting user needs such as functionality, accessibility, privacy, and ease of navigation, in
order to increase user satisfaction.

Keywords: Family Health Center,; Architectural Design, Survey; Evaluation
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Bu caligmada, Agik Ocak isletmeciliginde temel problemlerden olan sev durayliligi problemi
Uzerinde gelistirilen teknolojik izleme sistemleri verileri kullanilarak, sistem g¢iktisi olan
yenilme hiz verileri ele alinmis, alansal ve jeolojik birimlere gore yenilme sinir degerleri tayin
edilmesi amaglanmaistir.

Sev izleme operasyonu; teknolojik gelisimler ile beraber yersel takeometrik Slgiimler, yersel
radar sistemleri ve uydudan radar sistemleri ile yapilabilmektedir. Bu yontemlerin her biri kendi
icinde belli bir zamana bagli lgiilen iki 6lgiim verisinin aralarinda olusan deformasyonel farki
Ol¢iimleme esasina dayanir. Bu sistemler izleme alanina bakis agisi, izleme yiizeyine uzakligi,
izleme periyodu ve bunlari analiz eden bilgisayar programlar1 gibi kendi iginde farkli
islevsellikler barindirabilen bir cok parametre ve operasyonel islemin bir araya gelmesi ile veri
iretir. Bu yontemlerden giincel olarak, gergege en yakin, hassas veri iireten sistem; saha
yuzeylerini cepheden izleyen yersel radar sistemleridir. Bu yersel radar sistemlerinde ilk basta,
duz bir ray zerinde gidip gelen tek cephe bakan radar sistemleri seklinde tiretilmis olup, bu
sekilde sinurlt bir cephe icin izleme yapabilmekteydi. Ancak en son gelistirilen ArcSaR Radar
sistemi agisal olarak etrafinda tam tur donecek sekilde tasarlanmig olup daha genis tarama
imkan1 sunmaktadir. Calisma sahasinda ArcSAR Radar Sistemi bulunmaktadir. Radar
sistemine sahanin mevcut topografyasi altlik olarak yiiklenerek, odaklanilacak alanlarin se¢imi
yapilmaktadir. Radar sistemi arayiiziinde elde edilen verilere baktigimizda; genel olarak radara
dogru mesafenin degisimini ve buna bagh hiz, ters hiz, ivme vb. bir¢ok veri iiretildigi
goriilmektedir. Sistemin temel ¢iktisi olan mesafe verilerindeki degisim, izleme periyodu
verileri arasindaki farklariyla olusturdugu yerdegistirme verisidir. Yerdegistirme verisi Son
veriden — 6nceki veriyi ¢gikarma mantig1 iizerine kurulu oldugundan, cepheden ocak i¢ine dogru
hareket negatif veri olarak elde edilmektedir. Yer degistirme ve bagli fonksiyonlart olan hiz ve
ters hiz gibi verilerdeki negatif degerler, yonsel olarak radar sistemine dogru, yani ocak
merkezine dogru hareket yonunu ifade etmektedir. Radar sistemleri operasyonel yer hareketleri
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(kepge kovast ile yiikleme, arag¢ gegisi vb.) elimine edebilecek algoritma altyapisina sahiptir.
Calisma igin, ArcSAR Radar sisteminden 2026 yili ilk {i¢ aym verileri referans alinmistir.
Sahada genel olarak yenilme olaylarinin gergeklestigi bolgelerde yenilme tekrarlari
olustugundan Orneklem olarak alinan zaman dilimi yeterli gériilmiistiir. Sahanin yenilme
gerceklesen bolgeleri jeolojik birimlere gore ayrilarak toplamda 4 alan olusturulmustur.
Belirlenen dort alanin 6ncelikle aylik ve {i¢ aylik izleme donemi igin yer degistirme, hiz ve ter
hiz verileri incelenmistir. Ayni sekilde bu alanlarda gerceklesen aylik yenilme anlarina ait
veriler degerlendirilmistir. Yenilme hiz degerlerinden minimum yenilme hiz degerleri istatistiki
olarak, ocaktaki temsil edilen jeolojik birim ve alanlar i¢in yenilme sinir degerleri olarak kabul
edilmesi yontemi kullanilmistir.

Radar verileri Gizerinden yapilan analiz sonucunda; Alan 1 isimli bolge Serizit- Sist birimleri
icermekte olup, ocak kuzey iist sevlerini temsil etmektedir. Bu bolge icin Ocak -Subat ve Mart
aylarinda yenilmeler meydana gelmis, li¢ ayin yenilme hizi ortalamasina gore -4,35 mm/h hiz
riskli olmakla beraber, yenilmeler iginde en diisiik hizda Ocak ayinda -2,21 mm/h’te yenilme
meydana geldigi gézoniide bulundurularak -2,21 mm/h hizin yenilme baslangi¢ sinir degeri
olarak degerlendirilebilir.Alan 2 isimli bolge Sist -Fillat gegisi birimleri igermekte olup, ocak
kuzey orta sevlerini temsil etmektedir.Bu bolge icin Ocak-Subat-Mart aylarinda yenilmeler
meydana gelmis, lic ayin yenilme hizlari ortalamasina gére -7,46 mm/h hiz ve iizeri hizlar riskli
olmakla beraber, yenilmeler i¢inde en diisiik hizda Ocak ayinda -3,72 mm/h’te yenilme
meydana geldigi gozoniinde bulundurularak -3,72 mm/h hiz baslangic sinir degeri olarak
degerlendirilebilir.Alan 3 isimli bolge Granit-Sist-Cevher kontagi igermekte olup, ocak bati
sevlerini temsil etmektedir. Bu bolge i¢in sadece Subat doneminde yenilme meydana gelmis
olup -15,10 mm/h riskli olmakla beraber, tek bir yenilme ile degerlendirmenin saglikli
olmayacagindan dolay1 diger birimlerdeki en yiiksek riskli hiz olan yaklasik -4 mm/h hizin
baslangi¢ sinir degeri olarak degerlendirilebilir. Alan 4 isimli bolge Fillat ve cevher kontagi
birimlerini igermekte olup, ocak kuzey bati orta sevlerini temsil etmektedir. Bu bolge i¢in Ocak
ve Subat aylarinda yenilmeler meydana gelmis olup, iki ayin yenilme hiz1 ortalamasina gore -
7,39 mm/h hiz ve iizeri hizlar riskli olmakla beraber, yenilmeler i¢inde en diisiik hizda Ocak
aymda -4,11 mm/h’te yenilme meydana geldigi gozoniinde bulundurularak -4,11 mm/h hizin
baglangi¢ sinir degeri olarak degerlendirilebilir.

Bu calismada acik ocaktaki 2026 yili 3 aylik yenilme vakalari referans alinarak, sik yenilme
yasanan bdolgelerin, jeolojik birimlere gore boliimlenmis alanlari i¢in yenilme hizi baglaminda
istatistiki bir yaklagim ile yenilme hiz degerleri tespiti yapilmistir. Bu yenilmelerde jeolojik
stireksizlikler, yagis, deprem vb. etkenlerde etkin olabilmektedir. Bu kapsamda Radar uyari
sistemi sahada en duraysiz bolgenin sinir degeri referans alinarak uyaracak sekilde
programlanmalidir. Bu saha i¢in incelenen veriler kapsaminda -2,00 mm/h hiz degeri {istiinde
seyreden herhangi bir alanin gézlemsel ve radar ile yakin takibe alinarak kontrollii ¢alisiimasi
Onerilmistir. Calismada tespit edilen degerlerin, saha 6zelinde, benzer yap1 ve birimler igeren
sahalar i¢in izleme sistemlerinde yenilme hizi tayinlerinde 6ngorii olusturacagi ve sahada
giivenli calisma ortamina katki sunacagi sonucuna varilmaistir.

Anahtar Kelimeler: Sev Stabilite; Jeoteknik; Radar Izleme; Arc SAR; Bingdl Avnik Demir A¢ik
Ocak

133



Dicle Universitesi - 4. Uluslararasi Fen Bilimleri Lisansiistii Arastirmalar Sempozyumu,
12-14 Mayis 2026, Diyarbakir

ABSTRACT

This study evaluates failure velocity data derived from technological monitoring systems
developed to address slope stability, a fundamental problem in open-pit mining. The primary
objective is to determine failure threshold values based on spatial distribution and geological
units.

Slope monitoring can be performed using various methods enabled by technological
advancements. These methods are generally based on measuring the deformational differences
between two observations over a defined time interval. Among them, ground-based radar
systems provide the most precise and reliable data by monitoring field surfaces directly. The
ArcSAR Radar system, capable of 360-degree rotation, offers enhanced scanning coverage and
is employed at the study site. Analysis of the radar interface data shows that parameters such
as distance change, velocity, inverse velocity, and acceleration are generated. The core output,
displacement data, is derived from differences in distance measurements over monitoring
periods. For this study, data from the first three months of 2026 were used. Since failure events
tend to recur in specific zones, these areas were considered sufficient for sampling. Failure
zones were classified into four areas based on geological units, and their monitoring data were
analyzed using a statistical approach in which minimum failure velocities were accepted as
threshold values.

The analysis results indicate that Area 1 (Sericite-Schist) has a failure initiation velocity of -
2.21 mm/h, Area 2 (Schist-Phyllite transition) -3.72 mm/h, Area 3 (Granite-Schist-Ore contact)
-4.00 mm/h, and Area 4 (Phyllite-Ore contact) -4.11 mm/h.

In this study, based on three months of data from 2026 in the open-pit site, failure velocity
thresholds were determined for frequently failing zones through a statistical approach,
considering areas segmented according to geological units. Factors such as geological
discontinuities, precipitation, and seismic activity may influence these failure events. Based on
the evaluated data for this site, it is recommended that any area exhibiting velocities exceeding
-2.00 mm/h be closely monitored through both observational methods and radar systems, and
that operations in such areas be conducted in a controlled manner. It is concluded that the values
determined in this study will provide predictive guidance for failure velocity assessments in
monitoring systems applied to sites with similar geological structures and units, thereby
contributing to safer operational conditions in the field.

Keywords: Slope Stability; Geotechnical Engineering; Ground-Based Radar Monitoring;
ArcSAR (Arc Synthetic Aperture Radar); Avnik Iron Open-Pit Mine (Bingol, Tirkiye)
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OZET

Endiistriyel olarak islenmis bitkisel atiklar1 fonksiyonel adsorbanlara doniistiirmek, dongiisel
yesil ekonomi ve atik su aritimi i¢in siirdiiriilebilir bir stratejidir. Bu ¢alismada, endiistriyel
olarak islenmis adagay1 (Salvia fruticosa L.) posasindan (AP) elde edilen biyokarbonun (APK)
fizikokimyasal oOzellikleri iizerine farkli derisimlerdeki HNOs modifikasyonunun etkisi
arastirild. Oncelikle, endiistriyel adagay atiklar1, biyokdmiir iiretimi icin ¢ift damitilmis su ile
birka¢ kez durulandi, ardindan giin 1s181inda kurutuldu ve belirli bir par¢acik boyutuna getirildi.
APK i¢in optimum sicaklig1 belirlemek amaciyla yikanmis ve ¢giitiilmiis AP’ler, 10 °C/min
1sitma hizina ayarlanmis tiip firin1 (PZF 12/105/750) i¢inde, 100 mL/dk akis hiziyla azot gazi
(%99 saflikta) ortaminda, sirastyla 400-900 °C arasindaki sicakliklarda 1 saat karbonizasyon
islemi yaptiktan sonra numune azot gazi ortaminda oda sicakligina kadar sogutuldu. Daha
sonra, 0,1 M HCI cozeltisiyle 2 saat boyunca temas ettirilip saf suyla pH 7 olana kadar
durulanmistir. Ardindan, 105 °C’ye ayarlanmis bir etiivde 24 saat boyunca kurutulduktan sonra
80-100 mesh pargacik boyutuna kadar ogiitildi. Gozenek ozellikleri, -196 °C'de N2
adsorpsiyon-desorpsiyon izotermleri kullanilarak karakterize edildi. Piroliz sicakliginin etkisi,
BET (Brunauer-Emmett-Teller) 6zgiil yiizey alan1 (SBET, m?/g), toplam gdzenek hacmi (VT,
cm3/g) ve ortalama gozenek ¢ap1 (DP, nm) temel alinarak degerlendirildi. Tiim numuneler
arasinda, 700 °C'de iiretilen biyokomiir en yiiksek SBET ve 1yi gelismis gozeneklilige sahipti
ve APK olarak etiketlendi. Daha sonra, APK’nin derisimleri %15-60 araliginda degisen nitrik
asit ile oksitlenmis biyokarbonlari sentezlendi. Bunun igin 1,0 g APK, 25 mL HNO3 i¢inde, 80
°C'de 2 saat siireyle geri akis yontemiyle 1sitildi. Oksidasyonun ardindan biyokarbonlar nétr
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pH’ a ulasilana kadar sirasiyla 0,1 M HCI ve ultra saf suyla yikandi; ardindan 105 °C'de 24 saat
kurutuldu. Elde edilen numuneler, HNO3 derisimine gore APK 15, APK30, APK45 ve APK60
olarak adlandirildi.

Elde edilen APK ve oksitlenmis biyokarbonlar, BET gbzenek analizi, elementel analiz, Boehm
titrasyonu ve pHPZC o6l¢iimleri kullanilarak fizikokimyasal 6zellikleri agisindan sistematik
olarak karakterize edildi. Bunun icin SBET, VT ve DP dahil olmak lzere dokusal 6zellikler,
otomatik bir yiizey alam1 ve gbzenek olgtim cihazi (Micromeritics TriStar 11 3030 Plus)
kullanilarak -196 °C'de 6lcllen N2 adsorpsiyon-desorpsiyon izotermlerinden elde edilmistir.
Elementel bilesim (C, H, N ve S), bir CHNS analizorii (Leco CHNS 932) kullanilarak
Ol¢iilmiistiir. Oksijen igerigi fark yontemiyle hesaplanmistir: O (%) = 100 — (C% + H% + N%
+ S%). Oksijen iceren fonksiyonel gruplar (karboksilik, fenolik ve laktonik), secici reaktifler
olarak NaOH, Na.CO3 ve NaHCO3 kullanilarak Boehm titrasyon yontemi ile nicelendirildi.
Toplam asidiklik ve baziklik miktarlari, yine Boehm (Kyzas ve ark., 2016) izleyerek NaOH
ve HCl tiiketimine gore degerlendirildi. Sifir yiik noktas1 (pHPZC), literatlirde (Sivashankar ve
ark., 2022) agiklandigi gibi pH kaymasi yontemiyle belirlendi. Metilen mavisi indeksi (MI)
Olglimleri GB/T 12496.10 standartina gore yapildi.

Oksidasyon iglemi, SBET iizerinde belirgin bir iyilesme saglamigtir. Ham APK’da 432.4 m?/g
olan SBET degeri, APK45 6rneginde maksimum 498.1 m?/g’a ulasmis, ancak daha yiiksek
oksidasyon derecesinde (APK60) 449.3 m?*g’a gerilemistir. Bu durum, orta diizey
oksidasyonun gozenek gelisimini tesvik ettigini, ancak asir1 oksidasyonun gézenek yapisinda
kismi ¢okme veya tikanmaya yol agabilecegini gostermektedir. VT de benzer sekilde APK15
ile artig gostermis (0.250 cm?®/g), ardindan hafif bir azalma egilimine girmistir. DP ise tim
orneklerde 2 nm civarinda olup mezogdzenekli yap1 korunmustur. Bu sonuglar, oksidasyonun
gozenek boyutundan ziyade yiizey alam1 ve gdzenek erisilebilirligini etkiledigini
gOstermektedir.

Oksidasyon ile birlikte karbon igeriginin %76.68’den %67.53’e diismesi, buna karsilik oksijen
iceriginin %20.06’dan  %28.99’a yiikselmesi, ylizeyin oksijenli fonksiyonel gruplarca
zenginlestigini agik¢a ortaya koymaktadir. Ayn1 zamanda O/C oranindaki artis (0.262 —
0.430), yiizey polaritesinin ve hidrofilikligin arttigin1 géstermektedir. Azot igerigindeki artig,
yiizeyde azotlu fonksiyonel gruplarin olusumuna veya zenginlesmesine isaret ederken; kiikiirt
iceriginin azalmasi, oksidatif ortamda uzaklagma egilimini gostermektedir. H/C oranindaki
diisiis ise yapmin daha aromatik ve kondense hale geldigini diisiindiirmektedir. Oksidasyon
islemi, yiizey asidik fonksiyonel gruplarinda belirgin artislara yol agmistir. Karboksilik, fenolik
ve laktonik grup miktarlari diizenli olarak artmis; buna bagli olarak toplam asitlik 0.894
mEq/g’dan 1.709 mEq/g’a yiikselmistir. Buna karsilik bazlik degerinin 1.252 mEq/g’dan 0.700
mEq/g’a diismesi, yiizeyin asidik karakter kazandigin1 gostermektedir. Toplam yiizey oksit
igerigindeki artig da bu sonucu desteklemektedir. pHPZC degerinin 7.99’dan 6.75’¢ diismesi,
yiizey ylikiinlin daha diisiik pH degerlerinde notr hale geldigini ve ylizeyin genel olarak daha
asidik karakter kazandigini ortaya koymaktadir. ApHPZC degerlerindeki artis ise oksidasyonun
yiizey yiik 6zelliklerini 6nemli dl¢lide degistirdigini gdstermektedir.

Metilen indigo (MI) adsorpsiyon kapasitesi, oksidasyon derecesi ile dnemli dlglide artmustir.
Ham APK’da 15.03 mg/g olan kapasite, APK45 orneginde yaklasik 2.6 kat artarak 39.85
mg/g’a ulasmistir. Ancak APK60’ta bu degerin hafifce azaldigi (39.52 mg/g) goriilmektedir.
Bu durum, adsorpsiyon performansinin yalnizca ylizey alanma degil; ayn1 zamanda yiizey
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fonksiyonel gruplarina ve yiizey yiikiine bagl oldugunu gostermektedir. Orta diizey oksidasyon
(0zellikle APK45), optimum gozenek yapisi ile zengin yiizey kimyasini birlestirerek en yiiksek
adsorpsiyon performansini saglamistir.

Sonug olarak, HNO:s ile oksidasyon iglemi APK’nin yiizey alanini, oksijenli fonksiyonel grup
miktarin1  ve asidik karakterini artirarak adsorpsiyon performansini 6nemli Olcilide
iyilestirmistir. Ancak asir1 oksidasyon, gézenek yapisinda bozulmaya yol agarak performansta
sinirl bir diisiise neden olmustur. Bu baglamda, optimum oksidasyon kosulunun APK45 6rnegi
oldugu sdylenebilir.

Tablo 1 - APK ve oksitlenmis APK'larin bazi fiziksel ve kimyasal 6zelliklerindeki degisim.
APK APK15 APK30  APK45 APKG60

Gozenek karakteristikleri

Sget (M?/g) 432.4 478.4 488.7 498.1 449.3
Vr (cm®/g) 0.213 0.250 0.248 0.247 0.229
Dp (nm) 1.972 2.010 2.019 2.031 2.033
Elementel bilesim (agirlik¢ca %)*

Karbon 76.68 72.03 69.11 68.38 67.53
Hidrojen 1.56 1.55 1.46 1.44 1.10
Azot 1.46 2.03 2.17 2.18 2.34
Kukuart 0.24 0.20 0.14 0.12 0.04
Oksijen® 20.06 24.19 27.12 27.88 28.99
O/C 0.262 0.340 0.392 0.408 0.430
H/C 0.020 0.022 0.022 0.021 0.016
(N+0O)/C 0.281 0.364 0.424 0.440 0.464
Yuzey kimyasal ozellikleri

Karboksilik grup (mEQq/g) 0.427 0.449 0.548 0.741 0.752
Fenolik grup (mEg/q) 0.057 0.148 0.172 0.194 0.280
Laktonik grup (mEq/g) 0.410 0.421 0.490 0.620 0.677
Asitlik (mEqg/g) 0.894 1.018 1.220 1.555 1.709
Bazlik (mEq/g) 1.252 1.243 1.044 0.717 0.700
Toplam yiizey oksit icerigi

(mEq/g) 2.146 2.261 2.264 2.272 2.409
PHpzc 7.99 7.44 7.31 7.00 6.75
ApHpzc 0.00 0.55 0.68 0.99 1.01
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Adsorpsiyon karakteristigi

MI (mg/g) 15.038 25.40 28.39 39.85 39.52
2 Kuru bazda (agirlik¢a, %); ® Farktan hesaplanmustir (0% = 100 — (C + H + N %))

Anahtar kelimeler: Adagay: posasi; Biyokarbon; Oksidasyon

ABSTRACT

The conversion of industrially processed plant wastes into functional adsorbents is a sustainable
strategy for the circular green economy and wastewater treatment. In this study, the effect of
HNOs modification at different concentrations on the physicochemical properties of biochar
(APK) derived from industrially processed sage (Salvia fruticosa L.) residue (AP) was
investigated. Initially, industrial sage wastes were rinsed several times with double-distilled
water for biochar production, then dried under daylight and reduced to a specific particle size.
To determine the optimum temperature for APK production, the washed and ground AP
samples were carbonized in a tubular furnace (PZF 12/105/750) under a nitrogen atmosphere
(99% purity, with a flow rate of 100 mL/min) at temperatures ranging from 400 to 900 °C for
1 h, with a heating rate of 10 °C/min. After carbonization, the samples were cooled to room
temperature under a nitrogen atmosphere. Subsequently, the samples were treated with 0.1 M
HCI for 2 h and rinsed with pure water until pH 7 was achieved. The samples were then dried
at 105 °C for 24 h and ground to a particle size of 80-100 mesh. Pore characteristics were
determined using N2 adsorption—desorption isotherms at —196 °C. The effect of pyrolysis
temperature was evaluated based on BET (Brunauer—-Emmett-Teller) specific surface area
(SBET, mz2/g), total pore volume (VT, cm?3/g), and average pore diameter (DP, nm). Among all
samples, the biochar produced at 700 °C exhibited the highest SBET and well-developed
porosity and was therefore designated as APK. Subsequently, oxidized biochars were
synthesized by treating APK with nitric acid at concentrations ranging from 15% to 60%. For
this purpose, 1.0 g of APK was refluxed in 25 mL of HNOs at 80 °C for 2 h. After oxidation,
the biochars were washed sequentially with 0.1 M HCI and ultrapure water until neutral pH was
reached and then dried at 105 °C for 24 h. The obtained samples were labeled as APK15,
APK30, APK45, and APK60 according to the HNOs concentration.

The physicochemical properties of APK and oxidized biochars were systematically
characterized using BET pore analysis, elemental analysis, Boehm titration, and pHPZC
measurements. Textural properties, including SBET, VT, and DP, were obtained from N
adsorption—desorption isotherms measured at —196 °C using an automatic surface area and
porosity analyzer (Micromeritics TriStar 11 3030 Plus). Elemental composition (C, H, N, and
S) was determined using a CHNS analyzer (Leco CHNS 932). Oxygen content was calculated
by difference: O (%) = 100 — (C% + H% + N% + S%). Oxygen-containing functional groups
(carboxylic, phenolic, and lactonic) were quantified using the Boehm titration method with
NaOH, Na.COs, and NaHCO:s as selective reagents. Total acidity and basicity were evaluated
based on NaOH and HCI consumption following the Boehm method (Kyzas et al., 2016). The
point of zero charge (pHPZC) was determined by the pH drift method as described in the
literature (Sivashankar et al., 2022). The methylene blue index (MI) was determined according
to the GB/T 12496.10 standard.
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The oxidation process resulted in a significant improvement in SBET. While the SBET value
of raw APK was 432.4 m?/g, it reached a maximum of 498.1 m?/g for APK45, but decreased to
449.3 m?/g at higher oxidation levels (APK®60). This indicates that moderate oxidation promotes
pore development, whereas excessive oxidation may lead to partial pore collapse or blockage.

With oxidation, the carbon content decreased from 76.68% to 67.53%, while the oxygen content
increased from 20.06% to 28.99%, clearly indicating enrichment of the surface with oxygen-
containing functional groups. The oxidation process also led to a significant increase in surface
acidic functional groups. The amounts of carboxylic, phenolic, and lactonic groups increased
steadily, resulting in an increase in total acidity from 0.894 to 1.709 mEqg/g. In contrast, the
basicity decreased from 1.252 to 0.700 mEqg/g, indicating the development of an acidic surface
character. The increase in total surface oxide content further supports this observation. The
decrease in pHPZC from 7.99 to 6.75 indicates that the surface becomes neutral at lower pH
values and acquires a more acidic character. The increase in ApHPZC values suggests that
oxidation significantly alters the surface charge properties.

The methylene blue adsorption capacity (MI) increased significantly with the degree of
oxidation. While the capacity of raw APK was 15.03 mg/g, it increased approximately 2.6 times
to 39.85 mg/g for APK45. However, a slight decrease was observed for APK60 (39.52 mg/g).
This indicates that adsorption performance depends not only on surface area but also on surface
functional groups and surface charge. Moderate oxidation (particularly APK45) provided the
highest adsorption performance by combining optimal pore structure with enriched surface
chemistry.

In conclusion, HNOs oxidation significantly improved the adsorption performance of APK by
increasing its surface area, oxygen-containing functional groups, and acidic character.
However, excessive oxidation led to partial deterioration of the pore structure, resulting in a
slight decrease in performance. Therefore, APK45 can be considered the optimum oxidation
condition.

Table S1- Variation in some physical and chemical characteristics of PSC and oxidized PSCs.

PSCs: APK APK15 APK30 APKA45 APKG60
Pore characteristics

Sget (M?/g) 432.4 478.4 488.7 498.1 449.3
Vr (cm®g) 0.213 0.250 0.248 0.247 0.229
Dp (nm) 1.972 2.010 2.019 2.031 2.033
Elemental compositions (wt.%)?2

Carbon 76.68 72.03 69.11 68.38 67.53
Hydrogen 1.56 1.55 1.46 1.44 1.10
Nitrogen 1.46 2.03 2.17 2.18 2.34
Sulfur 0.24 0.20 0.14 0.12 0.04
Oxygen® 20.06 24.19 27.12 27.88 28.99
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o/C 0.262 0.340 0.392 0.408 0.430
H/C 0.020 0.022 0.022 0.021 0.016
(N+0)/C 0.281 0.364 0.424 0.440 0.464
Surface chemical characteristics

Carboxylic group (mEQ/g) 0.427 0.449 0.548 0.741 0.752
Phenolic group (mEg/g) 0.057 0.148 0.172 0.194 0.280
Lactonic group (mEQ/g) 0.410 0.421 0.490 0.620 0.677
Acidity (mEg/qg) 0.894 1.018 1.220 1.555 1.709
Basicity (mEqg/Q) 1.252 1.243 1.044 0.717 0.700
Total content of surface oxides

(mEq/g) 2.146 2.261 2.264 2.272 2.409
pHpzc 7.99 7.44 7.31 7.00 6.75
ApHpzc 0.00 0.55 0.68 0.99 1.01
Adsorptive characteristic

MI (mg/g) 15.03 25.40 28.39 39.85 39.52

3dry basis,w%; "from the difference (0%=100-(C+H+N(%))
Keywords: Sage waste; Biochar; Oxidation
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Tiirkiye, aktif fay hatlar1 izerinde yer almasi nedeniyle yiiksek deprem tehlikesine sahip bir
tilkedir. Bu baglamda, 6zellikle son yillarda kritik 6neme sahip yapilarin deprem performansini
artirmaya yonelik olarak sismik izolasyon (taban yalitim1) teknolojilerinin kullanimi énemli
ol¢iide yayginlasmistir. Deprem izolatorleri, yapi temeli ile {ist yap1 arasina yerlestirilen ve
deprem sirasinda olusan yatay kuvvetleri soniimleyerek iist yapiya iletilen ivmeyi azaltan 6zel
miihendislik sistemleridir. Bu sayede yapi elemanlarinda meydana gelen hasar minimum
seviyeye indirilmekte, hatta yapilarin deprem sonrasinda kesintisiz hizmet verebilmesi
saglanmaktadir. Bu yaklagim, geleneksel dayanim esash tasarim anlayisindan farkli olarak,
yapilarin performansini esas alan performansa dayali tasarim felsefesinin bir sonucu olarak
ortaya ¢ikmuistir.

Bu ¢alismada, Tiirkiye’de uygulanan yapisal sismik izolasyon teknolojileri kapsamli bir sekilde
ele alimmustir. Oncelikle taban yalitimi sistemlerinin teorik altyapisi incelenmis; sistemin
dinamik davranisi, titresim periyodunun uzatilmasi ve soniim oraninin artirilmasi gibi temel
prensipler agiklanmistir. Ardindan, miihendislik uygulamalarinda yaygin olarak kullanilan
izolator tipleri detaylandirilmis; 6zellikle elastomerik izolatorler, kursun cekirdekli kauguk
izolatorler (LRB), yuksek sonumli kauguk izolatorler (HDRB) ve sirtinmeli sarkag tipi
izolatorler (FPS) teknik acidan karsilagtirmali olarak degerlendirilmistir.

Calismada ayrica, Tiirkiye’de ytirtirliikte olan Tiirkiye Bina Deprem Y 6netmeligi (TBDY 2018)
kapsaminda sismik izolasyon sistemlerine iliskin tasarim esaslari, performans hedefleri ve
uygulama kriterleri ayrintili olarak incelenmistir. YoOnetmelikte yer alan zorunluluklar
dogrultusunda, 6zellikle hastaneler, havaalanlari, kopriiler ve veri merkezleri gibi kesintisiz
calismas1 gereken yapilarin tasariminda sismik izolasyon kullaniminin énemi vurgulanmistir.
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Uygulama kisminda ise, Tirkiye’de aktif olarak kullanilan elastomerik izolator sistemlerinden
kursun ¢ekirdekli kaucuk (LRB) izolatorlerin histeretik davranist analiz edilmistir. Bu
kapsamda, izolatorlerin enerji soniimleme kapasitesi, rijitlik 6zellikleri ve dogrusal olmayan
davraniglar1 detayli olarak incelenmis; ornek bir yapt modeli lizerinde sayisal analizler
gerceklestirilmistir. Analizler, SAP2000 V24 programi kullanilarak yapilmis olup, izolatorlii
ve izolatorsiiz sistemlerin karsilagtirmali degerlendirmesi sunulmustur.

Bunun yani sira, ¢alismada Tiirkiye’de sismik izolasyon teknolojisinin uygulandigi 6nemli
projeler vaka analizi kapsaminda ele alinmistir. Bu projeler arasinda Basaksehir Cam ve Sakura
Sehir Hastanesi, Adana Sehir Hastanesi, Samsun Sehir Hastanesi ve Kocaeli Sehir Hastanesi
gibi biiyiik 6lcekli saglik yapilari ile Sabiha Gokgen Havalimani terminal binast ve kritik veri
merkezleri yer almaktadir. Bu yapilar, deprem sonrasinda dahi kesintisiz hizmet verebilme
gereksinimi nedeniyle sismik izolasyon sistemlerinin en etkin sekilde kullanildigir 6rnekler
arasinda yer almaktadir.

Sonug olarak, bu ¢aligma Tiirkiye’de sismik izolasyon teknolojilerinin hem teorik hem de
uygulama boyutunu biitiinciil bir yaklasimla ele almakta; mevcut yonetmelik gercevesinde bu
sistemlerin miihendislik agisindan sagladigi avantajlar1 ortaya koyarak, gelecekteki yapi
tasarim yaklasimlarina 151k tutmayi amacglamaktadir.

Anahtar Kelimeler: Sismik izolator; taban yalitimi; kursun ¢ekirdekli kauguk izolatér (LRB);
TBDY 2018; SAP2000

ABSTRACT

Due to its location on active fault lines, Turkey is a country with high seismic hazard. In this
context, the use of seismic isolation (base isolation) technologies has significantly expanded in
recent years, particularly aimed at improving the earthquake performance of critically important
structures. Seismic isolators are specialized engineering systems placed between the foundation
and the superstructure, which dissipate horizontal forces generated during an earthquake and
reduce the acceleration transmitted to the superstructure. Consequently, damage to structural
elements is minimized to the greatest extent possible, and in many cases, structures are enabled
to provide uninterrupted service following an earthquake. This approach emerges as a direct
outcome of the performance-based design philosophy, which differs from conventional
strength-based design by prioritizing structural performance.

This study comprehensively addresses structural seismic isolation technologies implemented in
Turkey. First, the theoretical foundation of base isolation systems is examined; fundamental
principles such as the extension of the vibration period and the increase in damping ratio are
explained. Subsequently, the types of isolators commonly used in engineering practice are
detailed, with technical comparative evaluations of elastomeric isolators, lead rubber bearings
(LRB), high-damping rubber bearings (HDRB), and friction pendulum systems (FPS).

The study also examines in detail the design principles, performance targets, and application
criteria for seismic isolation systems as specified in the Turkish Building Earthquake Code
(TBDY 2018), which is currently in force in Turkey. In accordance with the mandatory
requirements set forth by the regulation, the importance of seismic isolation is emphasized for
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structures that must operate without interruption, including hospitals, airports, bridges, and data
centers.

In the application section, the hysteretic behavior of lead rubber bearing (LRB) elastomeric
isolator systems actively used in Turkey is analyzed. In this context, the energy dissipation
capacity, stiffness properties, and nonlinear behaviors of the isolators are thoroughly examined,
and numerical analyses are performed on a sample reinforced concrete structural model. The
analyses were conducted using SAP2000 V24 software, and a comparative performance
evaluation of isolated and non-isolated systems is presented.

Additionally, this study addresses significant projects where seismic isolation technology has
been implemented in Turkey through case study analysis. These projects include large-scale
healthcare facilities such as the Basaksehir Cam and Sakura City Hospital, Adana City Hospital,
Samsun City Hospital, and Kocaeli City Hospital, as well as the Sabiha Gékgen Airport terminal
building and critical data centers. These structures represent exemplary applications where
seismic isolation systems are most effectively utilized due to the requirement to provide
uninterrupted service even after a seismic event.

In conclusion, this study provides a holistic approach to both the theoretical and practical
dimensions of seismic isolation technologies in Turkey, demonstrates the engineering
advantages of these systems within the current regulatory framework, and aims to shed light on
future structural design approaches.

Keywords: Seismic isolator; base isolation; lead rubber bearing (LRB); TBDY 2018; SAP2000
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Hayvansal iiretim sistemleri, kiiresel sera gazi emisyonlarimin 6nemli bir kaynagini
olusturmakta olup, 6zellikle karbondioksit (COz), metan (CH4) ve nitrdz oksit (N20) gazlarinin
atmosfere salinimina neden olmaktadir. Bu gazlar arasinda metan, yliksek kiiresel 1sinma
potansiyeline sahip olmasi nedeniyle iklim degisikligi iizerinde 6nemli bir etkiye sahiptir.
Giliniimiizde hayvancilik sektoriiniin hizla gelismesi ve hayvansal iiriinlere olan talebin artmasi,
sera gazi1 emisyonlarinin da paralel olarak yiikselmesine yol agmaktadir. Bu nedenle, hayvansal
iiretim sistemlerinde sera gazi emisyonlarinin azaltilmasina yonelik stratejilerin gelistirilmesi
biiylik 6nem tagimaktadir.Hayvansal iiretimde sera gazi olusumuna neden olan baslica siiregler;
arazi kullanimi, enterik fermantasyon, giibre yonetimi, isleme ve tagima faaliyetleridir. Bu
stirecler arasinda ozellikle enterik fermantasyon, metan emisyonlarinin en 6nemli kaynagi
olarak ©ne ¢ikmaktadir. Ruminant hayvanlarda sindirim sistemi igerisinde gergeklesen
mikrobiyal fermantasyon sonucu olugan metan, hayvanin tiikettigi yem miktar1 ve yemlerin
sindirilebilirligi ile dogrudan iliskilidir. Sindirilebilirligi diisiik ve lif oran1 yiiksek yemler,
rumende daha fazla metan olusumuna neden olurken, daha kaliteli ve sindirilebilir yemler
metan Uretimini azaltict etki gosterebilmektedir.Ruminant hayvanlarin diger c¢iftlik
hayvanlarma kiyasla daha yiiksek biyokiitleye sahip olmalari ve sindirim sistemlerinin
ozellikleri, bu hayvanlarin sera gaz1 emisyonlari iizerindeki etkisini artirmaktadir. Bu nedenle,
metan emisyonlariin azaltilmasma yonelik ¢alismalar biiylik Ol¢lide ruminant hayvanlar
lizerine yogunlagsmaktadir. Besleme stratejileri, bu kapsamda en etkili ve uygulanabilir
yontemler arasinda yer almaktadir.Metan emisyonlarinin azaltilmasina yonelik besleme
yaklasimlar1 arasinda rasyon bilesiminin optimize edilmesi onemli bir yer tutmaktadir.
Ozellikle kaba yem-konsantre yem oranmin dengelenmesi, sindirilebilirligi yiiksek yemlerin
kullanilmast ve enerji acisindan zengin rasyonlarin hazirlanmasi, rumen fermantasyon
tiriinlerinin yoniinii degistirerek metan olusumunu azaltabilmektedir. Bunun yani sira, yem
katki maddelerinin kullanimi da Onemli bir strateji olarak One c¢ikmaktadir. Tanenler,
saponinler, iyonoforlar ve probiyotikler gibi katki maddeleri, rumen mikrobiyal popiilasyonunu
degistirerek  metanojen  bakterilerin  aktivitesinisinirlayabilmektedir. Alternatifbesleme
kaynaklar1 da metan emisyonlarmin azaltilmasinda dikkat ceken bir diger yaklagimdir.
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Ozellikle son yillarda deniz yosunlar1 gibi baz1 dogal kaynaklarin metan olusumunu baskilayici
etkileri lizerine yapilan ¢aligmalar artmistir. Bu tiir uygulamalar, rumendeki metan olusum
mekanizmalarin1 dogrudan etkileyerek emisyonlarin azaltilmasina katki saglayabilmektedir.
Bununla birlikte, bu tiir uygulamalarin ekonomik uygulanabilirligi ve hayvan saglig1 iizerindeki
etkileri de dikkate alinmalidir.Hayvansal iiretim sistemlerinde sadece besleme degil, aym
zamanda giibre yonetimi de sera gazi emisyonlarimi etkileyen 6nemli bir faktordir. Hayvan
giibresinin uygun sekilde depolanmasi ve islenmesi, metan ve nitréz oksit emisyonlarinin
azaltilmasinda etkili olabilmektedir. Ayrica, iiretim siire¢lerinde enerji verimliliginin artirilmasi
ve yenilenebilir enerji kaynaklarinin kullanilmasi da sera gazi emisyonlarinin azaltilmasina
katki saglayan diger onemli uygulamalardir.Hayvan basina verimliligin artirilmasi, emisyon
yogunlugunun azaltilmasi agisindan kritik bir rol oynamaktadir. Daha yiiksek verim elde
edilmesi, ayn1 miktarda sera gazinin daha fazla iiriinle iliskilendirilmesini saglayarak birim iiriin
basimna diisen emisyon miktarin1 azaltmaktadir. Bu durum, siirdiiriilebilir hayvancilik
sistemlerinin gelistirilmesi acisindan dnemli bir avantaj sunmaktadir.

Sonug olarak, hayvansal Uretim sistemlerinde sera gazi emisyonlarinin azaltilmasi, ¢ok yonli
ve biitiinciil bir yaklagim gerektirmektedir. Besleme stratejilerinin optimize edilmesi, yem katki
maddelerinin kullanimi, alternatif yem kaynaklarinin degerlendirilmesi, giibre yonetiminin
tyilestirilmesi ve {retim verimliliginin artirilmast gibi uygulamalar, bu siirecin temel
bilesenlerini olusturmaktadir. Gelecekte yapilacak calismalarin, bu stratejilerin etkinligini
artirmaya ve farkli iiretim sistemlerine uyarlanabilirligini ortaya koymaya odaklanmasi
gerekmektedir.

Anahtar Kelimeler:Ruminant, besleme, metan emisyonu, enterik fermantasyon

ABSTRACT

Livestock production systems are a major source of greenhouse gas emissions, releasing
significant amounts of carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) into the
atmosphere. Among these gases, methane has a particularly strong impact on climate change
due to its high global warming potential. The rapid growth of the livestock sector, driven by
increasing demand for animal products, has led to a corresponding rise in greenhouse gas
emissions. Therefore, developing effective mitigation strategies in livestock proto greenhouse
gas emissions compared to other livestock species due to their larger bioma duction systems
has become increasingly important. The main sources of greenhouse gas emissions in livestock
production include land use, enteric fermentation, manure management, processing, and
transportation. Among these, enteric fermentation is the primary contributor to methane
emissions. Methane is produced during microbial fermentation in the digestive systems of
ruminants, and its production is closely related to feed intake and feed digestibility. Low-
quality, high-fiber feeds tend to increase methane production, whereas highly digestible and
nutrient-rich feeds can reduce emissions. Ruminants contribute more significantly ss and
digestive characteristics. Consequently, most mitigation strategies focus on ruminant
production systems. Feeding strategies are among the most practical and effective approaches
to reducing methane emissions.

Optimizing diet composition is a key strategy for methane mitigation. Adjusting the forage-to-

concentrate ratio, increasing the use of highly digestible feeds, and formulating energy-rich
diets can alter rumen fermentation pathways and reduce methane production. In addition, feed
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additives such as tannins, saponins, ionophores, and probiotics can modify rumen microbial
populations and inhibit methanogenic activity.Alternative feed resources have also gained
attention in recent years. Natural additives such as seaweeds have shown promising results in
suppressing methane formation in the rumen. However, the economic feasibility and potential
effects on animal health must be carefully evaluated. Manure management is another critical
factor influencing greenhouse gas emissions in livestock systems. Proper handling, storage, and
processing of manure can significantly reduce methane and nitrous oxide emissions.
Furthermore, improving energy efficiency and incorporating renewable energy sources into
production systems can contribute to emission reduction.Increasing animal productivity plays
an important role in reducing emission intensity. Higher production levels allow greenhouse
gas emissions to be distributed over a greater amount of output, thereby lowering emissions per
unit of product. This approach is particularly important for achieving sustainable livestock
production.

In conclusion, mitigating greenhouse gas emissions in livestock systems requires a
comprehensive and integrated approach. Optimizing feeding strategies, utilizing feed additives,
exploring alternative feed resources, improving manure management, and enhancing
productivity are key components of sustainable livestock production. Future research should
focus on improving the effectiveness and applicability of these strategies under different
production conditions.

Keywords: Ruminants, nutrition, methane emission, enteric fermentation
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Bu ¢alismada Diyarbakir’da goriilen solunum yolu enfeksiyonuna (SYE) sebep olan bakteriyel
ve viral etkenlerin dagilimlari, cinsiyet, yas gibi faktorler multipleks PCR yontemiyle
arastirildi. Calismada gelisen molekiiler yontemlerin etkinligi ortaya konularak klasik kalttr
yontemlerle farki karsilastirildi.

SYE diinyada énemli bir halk sagligi problemidir. Morbidite ve mortalite oran1 yiiksektir. T.C.
Saglik Bakanlig1 verilerine gore SYE hastaliklar1 6liim nedenleri arasinda tigiincii sirada (ylizde
9,67) yer almaktadir. Baz1 bakteriyel ve viral etkenlerin semptomlarinin benzerligi nedeniyle
antibiyotiklerin yanlis regete edilmesi antimikrobiyal direngle bizi karsi karsiya getirmektedir.

Hizli1 ve hassas tani yontemlerinin olmamas1 ve uygun tedaviyi geciktiren ve antibiyotik
direncini hizlandiran spesifik olmayan semptomlar nedeniyle bu hastalara genellikle ampirik
antibiyotikler recete edilir. Bu durum ise ¢cocuk ve kanser hastalar1 gibi bagisiklik sistemi zay1f
olan hastalarda tedavide zaman kaybina neden olabilmektedir. Enfeksiyon etkenlerinin kisa
stirede ve dogru tespiti hastalarin yatis siirelerini kisaltip maliyet ve mortalite agisindan 6nem
arz etmektedir.

Son 20 yilda, SYE etkenlerinin tanis1 i¢in hizli antijen testleri ve molekiiler testler
yayginlasmistir. Ulkemizde bulunan rutin hastane laboratuvarlarmimn birgogunda bakteriyel
etkenlerin saptanmasi olast iken viral etkenlerin saptanmasi maalesef miimkiin degildir.
Molekdiler testler genellikle ayni anda birden fazla etkene ait DNA veya RNA’lar1 saptayabilen
multipleks polimerize zincir reaksiyon (PCR) testleri seklindedir. Kiiltiirde iiremeyen ya da ge¢
tireyen etkenlerin multiplex PCR ile kisa siirede saptanabilmesi enfeksiyonlarin tedavi siirecine
katki saglamakta, gereksiz antibiyotik kullanimini da 6nlemektedir. Piyasada mevcut multiplex
PCR testlerinin her biri duyarlilik ve 6zgiilliik agisindan kendi test i¢i farkliliklarina sahip olup
cesitli viral ve bakteriyel patojenleri tanimlayabilmektedir. Bu nedenle, SYE’nin molekiiler
tanisinin yayginlagsmasi biiyiik klinik degere sahiptir.
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Hastanesi’ne basvuran, solunum yolu enfeksiyonu siiphesi tasiyan hastalardan alinan 6rnekler
tizerinde gergeklestirilmistir. Hastalarda DNA/RNA izolasyonu ve multiplex PCR analizi
yapilmistir. Izole edilmis drnekler MIC qPCR Cyler model PCR cihazinda multipleks PCR
yontemiyle ¢alisilmistir. Bu sayede tek numunede 19 viral ve 6 bakteriyel etken olmak Uzere
25 etken taranmistir. Her ¢alismada bir negatif kontrol ve bir de pozitif kontrol eklenerek
calismanin kontrolii saglanmistir.

PCR cihazlarindan ¢ikan sonuglarin Cq degerleri, etkenlerin RFU esik degerleri ve Cq limiti
kullanilarak belirlenmistir. Amplifikasyon egrilerinin sekli, Cq limitini agsmayan tiim reaksiyon
kuyulari i¢in incelenip sigmoidal egrilerin Cq degerleri belirlenmistir. Sigmoidal olmayan
egriler “’negatif’’ olarak degerlendirilip sigmoidal olup esik degerini asan ve touchdown
dongiisti disinda yiikselen egriler ise “’pozitif’’ olarak degerlendirilmistir.

SYE panelinde bulunan etkenler ise sunlardir: SARS-CoV-2, Influenza A, Influenza B, Insan
coronavirus 229E, Insan coronavirus OC43, Insan coronavirus NL63, Insan coronavirus HKU1,
Insan parainfluenza virus 1, Insan parainfluenza virus 2, insan parainfluenza virus 3, insan
parainfluenza virus 4, Insan metapneumovirus, Insan enterovirus, Insan adenovirus, Insan
bocavirus, Insan rhinovirus, Legionella pneumophila, Streptococcus pyogenes, Mycoplasma
pneumoniae, Haemophilus influenzae, Bordetella pertussis, Streptococcus pneumoniae,
Respiratory syncytial virus A/B, Influenza A H3 ve Influenza H1IN1-2009.

Caligmaya, belirlenen tarih aralifinda solunum yolu enfeksiyonu 6n tanisiyla multipleks PCR
testi ¢alisilan tiim yas gruplarindaki hastalara ait 6rnekler dahil edilmistir. Ayn1 hastaya ait bir
ay icerisinde birden fazla test calisilmis olmas1 durumunda, miikerrer test sonuglari ¢alisma dis1
birakilmistir. SYE PCR paneli sonuglar ile panelde yer alan bakteriyel etkenlere yonelik
mikrobiyoloji laboratuvarinda elde edilen kiiltiir sonuclarinin sonu¢ verme siireleri
karsilastirilmistir.  Mevsimsel dagilim degerlendirildiginde, viral etken pozitifliklerinin
ozellikle kis aylarinda daha yiiksek oldugu gozlenmistir. Yas gruplarina gore degerlendirmede
en yiiksek PCR pozitiflik orant 1-4 yas grubundaki hastalarda saptanmistir. Bu c¢aligmanin,
solunum yolu enfeksiyonlarinin tanisinda klasik mikrobiyolojik yontemler ile molekiiler tani
yontemleri arasindaki farkliliklar1 ortaya koyarak, molekiiler tani yaklasimlarinin klinik
mikrobiyoloji, molekiiler biyoloji ve halk sagligi acgisindan Onemine dikkat c¢ekecegi
diistiniilmektedir.

Anahtar Kelimeler: Diyarbakir; Multipleks PCR; Bakteri; Virus; Kultdr.

ABSTRACT

In this study, the distribution of bacterial and viral pathogens causing respiratory tract infections
(RTIs) in Diyarbakir, along with factors such as age and gender, were investigated using the
multiplex PCR method. The efficacy of emerging molecular methods was demonstrated, and
their performance was compared with conventional culture methods.

Respiratory tract infections (RTIs) represent a significant public health challenge worldwide,
characterized by high morbidity and mortality rates. According to the data from the Republic
of Tirkiye Ministry of Health, RTIs rank third among the leading causes of death in our country,
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accuunung for 9.67%. Due to the symptomatic overlap between various bacterial and viral
pathogens, the misprescription of antibiotics leads to the emergence of antimicrobial resistance.

Due to the lack of rapid and sensitive diagnostic methods, along with non-specific symptoms
that delay appropriate treatment and accelerate antibiotic resistance, empirical antibiotics are
frequently prescribed to these patients. This situation can lead to critical time loss in the
treatment of immunocompromised individuals, such as pediatric and oncology patients. Rapid
and accurate identification of infectious agents is of vital importance in terms of reducing
hospitalization duration, healthcare costs, and mortality rates.

Over the past two decades, rapid antigen tests and molecular assays for the diagnosis of RTI
agents have become increasingly widespread. While the detection of bacterial pathogens is
feasible in most routine hospital laboratories across our country, the detection of viral agents is,
unfortunately, often not possible. Molecular tests are generally conducted as multiplex
polymerase chain reaction (PCR) assays, which are capable of simultaneously detecting the
DNA or RNA of multiple pathogens. The rapid detection of pathogens that are difficult to
culture or slow-growing via multiplex PCR contributes significantly to the clinical management
of infections and prevents unnecessary antibiotic use. Each of the commercially available
multiplex PCR assays possesses its own intra-test variations in terms of sensitivity and
specificity and is capable of identifying a diverse range of viral and bacterial pathogens.
Therefore, the widespread adoption of molecular diagnosis for RTIs holds substantial clinical
value.

This study was conducted on samples obtained from patients with suspected respiratory tract
infection who presented to Diyarbakir Dicle University Hospital between 01 June 2024 and 31
May 2025. DNA/RNA isolation and multiplex PCR analysis were performed on the clinical
specimens. The isolated samples were analyzed using the multiplex PCR method on a MIC
gPCR Cycler. This platform enabled the simultaneous screening of 25 pathogens, consisting of
19 viral and 6 bacterial agents, within a single sample. In every run, a negative control and a
positive control were included to ensure the validity and quality of the assay.

The Cq values of the results obtained from the PCR instruments were determined based on the
RFU threshold values and the Cq limits of the respective pathogens. For all reaction wells that
did not exceed the Cq limit, the morphology of the amplification curves was examined, and the
Cq values for the sigmoidal curves were identified. Non-sigmoidal curves were evaluated as
'negative.' Conversely, curves that exhibited a sigmoidal shape, exceeded the threshold value,
and showed amplification outside of the touchdown cycles were evaluated as 'positive'.

The pathogens included in the RTI panel were as follows: SARS-CoV-2, Influenza A, Influenza
B, Human Coronavirus 229E, Human Coronavirus OC43, Human Coronavirus NL63, Human
Coronavirus HKU1, Human Parainfluenza 1, 2, 3, and 4, Human Metapneumovirus, Human
Enterovirus, Human Adenovirus, Human Bocavirus, Human Rhinovirus, Legionella
pneumophila, Streptococcus pyogenes, Mycoplasma pneumoniae, Haemophilus influenzae,
Bordetella pertussis, Streptococcus pneumoniae, Respiratory Syncytial Virus (RSV) A/B,
Influenza A H3, and Influenza A H1IN1-20009.

Samples from patients of all age groups who underwent multiplex PCR testing with a

preliminary diagnosis of respiratory tract infection within the specified date range were
included in the study. In cases where more than one test had been performed for the same patient
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wiunn une month, duplicate test results were excluded from the study. The turnaround times of
the RTI PCR panel results and the culture results obtained in the microbiology laboratory for
the bacterial agents included in the panel were compared. When the seasonal distribution was
evaluated, viral agent positivity was observed to be higher, particularly during the winter
months. In the evaluation according to age groups, the highest PCR positivity rate was detected
in patients in the 1-4-year age group. This study is expected to highlight the importance of
molecular diagnostic approaches in terms of clinical microbiology, molecular biology, and
public health by demonstrating the differences between conventional microbiological methods
and molecular diagnostic methods in the diagnosis of respiratory tract infections.

Keywords: Diyarbakir, Multiplex PCR; Bacteria; Viruses; Culture.
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Maden arama faaliyetleri olan Paleocografya yorumu, Jeolojik Haritalama, Kaya-toprak
orneklemeleri, Jeokimya Haritalar1 olusturulmasi, Jeoteknik caligmalar ve sondaj planlariin
yapilmasindan sonra, kesfedilen maden potansiyelin gelistirilip maden kaynagina ve daha sonra
maden rezervine doniistiiriilmesi siiregleri baglamaktadir. Bir iilkenin yasam standardi, ge¢im
kaynag1 ve gilivenligi bliyiik 6l¢lide minerallerin, siirekli akisina baglhidir. Maden arama, yil
gectikce artan madencilik faaliyetleri nedeniyle kaynaklarin hizla tiikkenmesini telafi etmek ve
bir ulusun mineral kaynak tabanini genisletmek i¢in yeni mineral kaynaklar1 kesfetmek
acisindan son derece Onemlidir. Ekonomik olarak biiylimek biiylik olgiide yeni mineral
yataklarinin kesfine ve rezervlerin siirekli yenilenmesine baglidir. Maden arama, potansiyel
olarak yiiksek riskli ve yiiksek getirili bir faaliyettir. Bu nedenle kesfedilen maden
potansiyellerinin Arama faaliyetleri devam ederken 3 boyutlu olarak degerlendirilmesi daha
cok onem kazanmaktadir. Maden aramanin amaci, minimum maliyetle ve minimum siirede
maksimum sayida ekonomik mineral yatagi bulmak ve elde etmektir. Basarili bir aramanin
onemli bilesenleri arasinda dogru jeolojik arazinin se¢imi, optimum arama finansmani seviyesi
ve yeni teknolojilere ayak uydurulmasi yer almaktadir. Giinlimiiz mineral aramasi, jeoloji,
jeofizik, jeokimya ve CBS'yi birlestiren isbirlik¢i, entegre bir ekip yaklasimi gerektirir. Son
zamanlarda, yliksek arama harcamalarina ragmen, yeni kesifler ¢ok azdir. Yeni kesiflerin cogu,
daha once islenmemis ancak yiiksek metal fiyatlar1 nedeniyle yeniden canlandirilan tarihi
kesiflerdir. Her maden sahasi i¢in 3 boyutlu modellerin sistematik kullanim1 ve gelistirilmesi,
birgok eski maden alaninda yeni kaynaklarin kesfedilmesine kesinlikle yol agacaktir.
Bilgisayarlarin artan islem giicii ve giiniimiizde jeolojik, jeofizik ve jeokimyasal arama
tekniklerinde mevcut olan sayisiz yorumlayici yazilim paketi, biiyiik miktarda verinin iglenmesi
ve analizinde devrim yaratmistir. Universitelerin, endiistrinin ve devlet kurumlarinin
jeobilimsel arama tekniklerinde birlesik Ar-Ge c¢abasi, gelecekteki arama c¢alismalarinda daha
yuksek basar1 oranina ulasilmasina yardimci olacaktir. Madencilik faaliyetlerinin
planlanmasinin ve takvime baglanmasinin énemi anlasildikca, ¢ikarilacak madenin tendr ve
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miktarini tahmin etmek i¢in 6rnekleme verilerinin kullaniminda bir artis olmustur. Jeolojik
giivenilirlik ve sahada yapilmis olan faaliyetlerin dogru yorumlanarak kullanilmasi, maden
potansiyelinin kaynaga ve rezerve doniismesinde en onemli rolii almistir. Giinlimiizde
genellikle sondaj verilerinin islenmesi ve yorumlanmasiyla tiiretilen maden kaynak bilgileri;
madencilik projelerinde rezerv tahmini, maden isletme tasarimi, teknolojik testlerin
planlanmas1 ve mali degerlendirme yapilirken temel alinir. Madencilik projelerinin basarisinda
bu temelin saglamligi son derecede onemlidir. Ko6tii kaynak tahminleri; yanlis yatirim kararlari,
proje maliyetinin dngoriilenin iizerine ¢ikmasi, projenin ge¢ tamamlanmasi, agirt maliyetler,
diisitk maden iiretimi gibi kotii sonuglara yol acabilmektedir. Jeolojik modelleme ise tiim bu
islemlerin temelini olusturmaktadir.

Dogru olmayan maden kaynak tahminleri i¢in dort temel neden vardir:
* Diisiik veri kalitesi (kotii 6rnekleme ve analiz kalitesi)

* Yatak hakkinda yetersiz jeolojik kavrayis/ yorum

* Tendr tizerindeki jeolojik kontroliin tam anlagilamamis olmasi

* Bilgisayar destekli tahmin tekniklerinin kotii uygulanmasi

Kaynak tahmini, uygun bir veri tabani olusturulmasiyla baslar. Veri tabani olusturuldugunda
ilk is veri dogrulama ve veri gecerlemedir. Kaynak tahmini siirecinin basarili ya da basarisiz
olmasinda bu adimlar ¢ok kritik bir islev gormektedir. Yanlis veriden dogru bilgi tiiretilemez.
Bu bakimdan kaynak tahmininde kullanilan verilerin dogru ve kaliteli olduklar1 yoniinde yeterli
giivenin saglanmas1 ya da verilerin dogrulanmasi biiyiik 6nem tasimaktadir. Veri tabani
jeolojik veriler (haritalama, sondaj ve diger), jeoteknik veriler, karot verimi, mineral 6zelikleri
(oksit, stilflir vb.), ornekleme ve analiz verileri, yogunluk verileri gibi birgok veri takimini
biitiinlestiren olusturulur. Giivenilir teknik ve Mali degerlendirme ve planlama yapilabilmesi
icin, madencilik sirasinda yerinden ¢ikarilacak cevher ve kaya malzemelerinin konumunun,
seklinin, boyutlarinin ve 6zelliklerinin (tendriiniin) dogru 6ngoriilmesi (tahmin edilmesi) sarttir.
Bu ihtiyag, giinlimiizde yaygin olarak maden yatagindaki malzemenin seklinin ve 6zelliklerinin
bilgisayar programlari yardimiyla {ic boyutlu jeolojik modellemesi ile karsilanir. Jeolojik
modelleme veya jeolojik olarak 6zellikleri farkli alanlara ayirma, nitelendirmenin bir 6n sarti
ve kaynak tahmini siirecinin en 6nemli adimlarindan biridir.

Caligsma sahasi, Gilineydogu Anadolu Ofiyolit Kusag: igerisinde yer alan Lice Bakirli Pirit—
Kalkopirit yataklarinin 6zelliklerini ortaya koymak amaciyla MTA Enstitiisii’nlin 1973 yili
programina dahil edilmistir. Inceleme alanina giren sahalar 2008 yilinda Dimin Madencilik
tarafindan ruhsatlandirilmistir. Toridler ile Iranidler arasindaki ofiyolit kusak icerisinde
bulunan Ergani bakirli pirit yataklarinin olusumuna paralel sekilde, ayn1 kusak {izerinde yer
alan Lice ve cevresindeki cevherlesme potansiyelinin ve kdkensel 6zelliklerinin belirlenmesi
bu calismanin temel amacini olusturmustur. Etiit ¢aligmalar1 2023 yilinda 1/25.000 6lcekli
jeolojik prospeksiyon ile baslamistir. 2024 yili igerisinde ise yaklasik 130 km?’lik alanin
1/10.000 olcekli detay jeolojik haritalamasi yapilmis, cevherlesmenin gozlendigi kesimlerde
1/2.000 ve 1/1.000 olgekli ayrintili haritalama gergeklestirilmistir. Ayrica dere ve kaya
numuneleri alinarak jeokimyasal analizler i¢in veri toplanmuis, jeofizik ¢aligmalar ve sondaj
faaliyetleri yiiriitiilmiistiir. Onemli goriilen alanlarda yarma ¢alismalar1 da yapilmistir. Yapilan
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caligmalar sonucunda, diyabaz, spilit ve yastik lavlardan olusan volkanik seri i¢erisinde gelisen
cevherlesmenin, fay ve ¢atlak sistemleri boyunca bazik kayaglarla iliskili oldugu belirlenmistir.
Tim bulgular, cevherlesmenin Kibris tipi masif siilfir (VMS) bakir yataklar1 ile uyumlu
oldugunu ve Cu (bakir) mineralizasyonu i¢erdigini gdstermektedir.

Diyarbakir 1li Lice ilgesi sinirlarinda yapmis oldugumuz Maden Arama Faaliyetleri sonrasinda
Maden Gelistirme ve jeolojik modelleme ¢alismalarimiz bulunmaktadir. Yapilan ¢aligmalarda
goriildiigi tizere jeolojik modellerle alterasyon ve mineralizasyon takibi yaparak sondajlara yon
verilmesi sondaj metrajlarinin tam olarak kestirilmesi ile hem sondaj maliyetlerinin diismesi
hem de olusturulan modelin siirekli yenilenmesi ile cevher modelinin kesinliginin artmasina
cokca yardimci olmustur.

Anahtar Kelimeler: Jeolojik Modelleme, Maden Arama ve Geligtirme, Diyarbakir Lice
(Tiirkiye), Sondaj, Numune, Analiz.

ABSTRACT

After paleogeographic interpretation, geological mapping, rock—soil sampling, creation of
geochemical maps, geotechnical studies, and the preparation of drilling plans within mineral
exploration activities, the processes of developing the discovered mineral potential and
converting it first into a mineral resource and then into a mineral reserve begin. A nation's
standard of living, livelihood, and security largely depend on a continuous flow of minerals,
metals, and fuels. Mineral exploration is extremely important for discovering new mineral
resources to compensate for the rapid depletion of existing resources due to increasing mining
activities each year and to expand a nation’s mineral resource base. Economic growth largely
depends on the discovery of new mineral deposits and the continuous renewal of reserves.
Mineral exploration is a potentially high-risk, high-reward activity. Therefore, evaluating
discovered mineral potentials in three dimensions during ongoing exploration activities has
gained increasing importance. The aim of mineral exploration is to find and obtain the
maximum number of economic mineral deposits in the shortest time and at the lowest cost. Key
components of successful exploration include selecting the correct geological terrain,
maintaining an optimal level of exploration financing, and keeping up with new technologies.
Modern mineral exploration requires a collaborative, integrated team approach that combines
geology, geophysics, geochemistry, and GIS. Recently, despite high exploration expenditures,
there have been very few new discoveries. Most new discoveries are historical ones that had
not been previously exploited but have been revived due to high metal prices. The systematic
use and development of three-dimensional models for each mining site will certainly lead to
the discovery of new resources in many old mining areas. The increasing processing power of
computers and the numerous interpretive software packages available today in geological,
geophysical, and geochemical exploration techniques have revolutionized the processing and
analysis of large amounts of data. Joint R&D efforts by universities, industry, and government
institutions in geoscientific exploration techniques will help achieve higher success rates in
future exploration studies. As the importance of planning and scheduling mining activities has
become better understood, the use of sampling data to estimate the grade and quantity of
extractable minerals has increased. The correct interpretation and use of geological reliability
and field activities play the most important role in converting mineral potential into resources
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and reserves. Today, mineral resource information, generally derived from the processing and
interpretation of drilling data, forms the basis for reserve estimation, mine design, planning of
technological tests, and financial evaluation in mining projects. The robustness of this
foundation is critically important for the success of mining projects. Poor resource estimates
can lead to negative outcomes such as incorrect investment decisions, project costs exceeding
forecasts, delays in project completion, excessive costs, and low mineral production. Geological
modeling forms the basis of all these processes.

Keywords: Geological Modeling, Mineral Exploration and Development, Diyarbakir Lice
(Tiirkiye), Drilling, Sampling, Analysis.
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Caligilan saha, Giineydogu Anadolu Ofiyolit Kusagi'nda bulunan Lice Bakirli Pirit-Kalkopirit
Yataklari'nin durumunu aydinlatmak i¢cin MTA Enstitlisi'niin 1973 programina alinmustir.
Caligsma alan1 i¢ine giren alan 2008 yilinda Dimin Madencilik tarafindan alinmistir. Toridler ile
Iranidler arasindaki ofiyolit kusakta yer alan Ergani Bakirli Pirit Yataklar’'nin olusumuna
paralel olarak ayni kusakta bulunan Lice ve ¢evresinde zuhur eden cevher potansiyelini ve
jenezini meydana ¢ikarmak caligsmalarimizin konusu olmustur.

Etiitler 2023 yilinda 1/25.000 6lgekli jeolojik prospeksiyon seklinde baglamistir. 2024 yilinda
130 km2'lik sahanin 1/10.000 6l¢ekli detay jeoloji haritasi, zuhurlarin bulundugu alanlarin
1/2.000 1/1.000 o6lgekli ayrintili jeoloji haritasi, jeokimya i¢in dere ve kaya numunesi toplama,
jeofizik ve sondajlama yapilmistir. Onemli gériilen yerlerde yarmalar agilmistir. Calismalar
sonunda diyabaz, spilit ve yastik lavlardan olusan volkanik seri icerisinde bulunan
cevherlesmenin faylar ve ¢atlaklar boyunca bazik kayaclarla ilgili oldugu goriilmiistiir. Burada
goriilen cevherlesmeler bu giine kadar yapilan ¢alismalar neticesinde Kibris tipi Masif Siilfit
Bakir (VMS) yatagi oldugu goriilmiis olup cevherlesme Cu cevherlesmesidir.

Lice ilgesi Diyarbakir ilinin yaklagik 90 km kuzey batisinda yer alir. Lice il¢esine bagli sahalar
bakir siilfit mineralizasyonu ve genis alterasyon zonlar1 bulunur. Siilfit mineralizasyonu
Karadere formasyonu igerisindeki volkanik kayalar, yastik lavlari ve volkanik ¢amurtaslari
icerisinde yer almaktadir. Karadere Formasyonu Giineydogu Anadolu da tektonik bir kusak
seklinde genis bir sunan Maden Gurubunun eslenigi olan bir birimdir. Maden Grubu Eosen
sirasinda bir gelismemis ada yay1 veya tansiyonal haldeki igerisinde olugsmustur ve bu kusak
icinde Kibris tiirli masiv siilfit yatagi olan ekonomik yonden biiyiik boyutta olan Ergani-Maden
ve Siirt Madenkdy yataklar1 meydana gelmistir. Bu her iki cevherlesme volkanik kokenlidir ve
sinjenetik olarak denizalt1 volkanik ortamda olusmustur.

Bu raporun konusu olan Karadere ve Mizak siilfit yataklar1 Maden Grubunun olustugu tektonik
kusak igerisinde yer alir fakat raporun ilerleyen boliimlerinde agiklanacag: tipik volkanojenik
stlfit yataklarindan farkliliklar sunar. Karadere ve Mizak siilfit yataklar1 MTA jeologlar
tarafindan incelenmis, cevherli zonlar ve igerisinde bulunduklari alterasyon zonlar1 1/10000 ve
1/2000 Slgeklerinde haritalanmaistir.
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Maden bolgesinin yeri Lice'nin giineyinde az ¢ok diiz ve algak Diyarbakir Havzasi, kuzeyinde
yiiksek ve engebeli Toroslar bulunmaktadir. Bu iki bolgeyi ayiran sariyaj hattt ayn1 zamanda
iki jeolojik bolgeyi de ayirir. Morfolojik olarak sahanin en yiiksek tepeleri meta-diyabazlarin
bulundugu yerlerdir.

Lice; Diyarbakir, Hani ve Kulp'a asfalt yollarla baghdir. Lice'den; Karadere, Geng ve Bingol'e
giden yollar ise virajli stabilize yollardir. Lice'den Mizak'a ve diger kdylere stabilize yollar ile
ulasilabilir.

Maden yataklari, jeolojik siire¢ sonucunda olusmus, olaganiistii element igeren kayaglardir.
Metalik Madenler, Endiistriyel Hammaddeler ve Enerji Hammaddeleri seklinde
gruplandirilabilirler.

Maden aramanin planlanmasinda yan kayacin 6zellikleri dikkate alinmalidir. Magmatizma,
ylizeysel alterasyon veya bozusma, tortullagma, metamorfizma cevherlesmeye sebep olabilir.
Olusumun yan kayagla eszamanli olup olmamasi, olusan yatagin tipi ve sekli, ilgili elementler
ve alterasyonlar, olusum yas1 gibi parametreler aranacak madene gdre arama programini
dolayis1 ile maliyetleri etkiler. Herhangi bir madenin aranmasi, o bolgede gerceklesmis jeolojik
olaylarin, etkili olduklar1 alanlarin, kayag¢ tiirlerinin ve geometrisinin ¢6ziimlenmesini
gerektirmektedir. Arama siireci, 6nceden iiretilmis verilerin yorumlanmasiyla baslar, madenin
iretilmesi sirasinda devam eder ve madenin tiiketilmesine ragmen bir siire daha devam eder.
Aranan madenin olusum o&zelligine gore, Metalik Maden Arama Faaliyetleri ve Kullanilan
Yontemlerle Tlgili Asagidaki Yol ve Yéntemler Izlenir

1. Oncelikle; Paleocografya, jeoloji, uzaktan algilama, jeokimya, jeofizik, metallojeni haritalart
ve maden/zuhur bilgileri gibi temel bolgesel veriler biiro ¢alismasi ile degerlendirilir.

2. Onemli bulunan bélgelerde (provens) on aramalar (prospeksiyon) seklinde arazi
calismalarina baslanir. Jeoloji, jeokimya ve jeofizik haritalar (kiigiik 6l¢ekli) tamamlanir ve
gerektiginde stratigrafi sondaj1 yapilir.

3. On arama sahalarindan derlenen verilerin degerlendirilmesi sonucunda, belirlenen hedef
sahalarda detay aramalar (explorasyon) asamasina gegilir.

4. Maden jeolojisi, jeokimya anomali, jeofizik haritalar1 tamamlanir.

Kaynak ve rezerv sondajlar1 yapilir. Gerektiginde yarma/galeri gibi yontemlere bagvurulur ve
teknolojik test 6rnegi alinir. Rezerv, tendr, parajenez, mineralojik 6zellikler ve teknolojik test
olumlu ise madenin iiretimi i¢in gerekli diger parametreleri de degerlendiren fizibilite raporu
yazilir. Maden isletmeye hazir hale getirilir. Lice bolgesinde ki Maden arama caligmalari
Paleocografya arastirmalar1 yapilarak baslanmistir. Toridler ile Bitlis sutur zonu arasindaki
ofiyolit kusakta yer alan Ergani Bakirli Pirit Yataklari'nin olusumuna paralel olarak ayni
kusakta bulunan Lice ve cevresinde zuhur eden cevher potansiyelini ve jenezini meydana
¢ikarmak calismalarimizin konusu olmustur. 1/25.000 6l¢ekli jeolojik prospeksiyon seklinde
baslamistir. 1/10.000 6lcekli detay jeoloji haritasi, zuhurlarin bulundugu alanlarin 1/2.000
1/1.000 dlgekli ayrintili jeoloji haritasi, jeokimya i¢in dere ve kaya numunesi toplama, jeofizik
ve sondajlama yapilmistir. Onemli goriilen yerlerde yarmalar agilmistir. Calismalar sonunda
diyabaz, spilit ve yastik lavlardan olusan volkanik seri i¢cerisinde bulunan cevherlesmenin faylar
ve catlaklar boyunca bazik kayaglarla ilgili oldugu goriilmiistiir. Caligmalara sahadan kaya
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numuneleri ve Toprak Numuneleri alarak baslanmistir. Jeofizik ve Jeoloji Haritalar
yorumlanarak Jeolojik Kesitler Olusturulmus Sondaj planlar1 yapilmistir. Bolgede baslatilan
sondaj calismalar1 ile ekonomik yataklarin ayni paleocografya i¢inde kesiflerine devam
edilebilecegi kanaatine varilmistir. Calismalara Oneri olarak Sondaj calismalarinin
genisletilerek Ulusal ve Uluslararasi raporlama diizeyinde Kaynak ¢alismalarinin yiiriitiilmesi
gerekmektedir.

Anahtar Kelimeler: Maden Arama, Sondaj, Diyarbakir Lice (Tiitkiye), Ornekleme, Haritalama

ABSTRACT

Mineral deposits are rocks formed as a result of geological processes that contain extraordinary
elements. They can be grouped as Metallic Minerals, Industrial Raw Materials, and Energy
Raw Materials.

In planning mineral exploration, the properties of the host rock must be taken into account.
Magmatism, surface alteration or weathering, sedimentation, and metamorphism can cause
mineralization. Parameters such as whether the formation is contemporaneous with the host
rock, the type and shape of the deposit, the related elements and alterations, and the age of
formation affect the exploration program and therefore the costs depending on the mineral being
sought. The exploration of any mineral requires the analysis of geological events that occurred
in that region, the areas they affected, rock types, and their geometry. The exploration process
begins with the interpretation of previously produced data, continues during the production of
the mineral, and even persists for some time after the mineral is depleted.

If reserve, grade, paragenesis, mineralogical properties, and technological tests are positive, a
feasibility report evaluating other parameters required for the production of the mineral is
prepared. The mine is made ready for operation.

Mineral exploration studies in the Lice region began with paleogeographic research.

Our study has focused on revealing the ore potential and genesis occurring in and around Lice,
located within the same belt, in parallel with the formation of the Ergani Copper Pyrite Deposits
situated in the ophiolitic belt between the Taurides and the Bitlis suture zone.

It started as geological prospecting at a scale of 1/25,000. Detailed geological mapping at a
scale of 1/10,000, and more detailed geological mapping of areas with occurrences at scales of
1/2,000 and 1/1,000 were carried out. Stream and rock samples were collected for
geochemistry, and geophysical surveys and drilling were performed. Trenches were opened in
locations considered significant. As a result of the studies, it was observed that the
mineralization within the volcanic series consisting of diabase, spilite, and pillow lavas is
related to basic rocks along faults and fractures.

The studies began with the collection of rock and soil samples from the field. Geological cross-
sections were constructed by interpreting geophysical and geological maps, and drilling plans
were prepared.
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With the drilling activities initiated in the region, it was concluded that the discovery of
economic deposits could continue within the same paleogeography.

As a recommendation, drilling activities should be expanded and resource studies should be
carried out at national and international reporting standards.

Keywords: Mineral Exploration, Drilling, Diyarbakir Lice (Turkey), Sampling, Mapping
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Existence of solutions for a class of Kirchhoff
problem involving p(x) -
Laplacian operator

[lknur Giirbiiz Zehra Yiicedag
Dicle University Dicle University
Institute of Natural and Applied Sciences, Department of Mathematics
Diyarbakir, Turkey Diyarbakir, Turkey
glsgrbz@gmail.com zyucedag@dicle.edu.tr
ABSTRACT

The historical development of weak solutions for nonlinear partial differential equations (PDES)
involving the p-Laplacian, the variable exponent p(x)-Laplacian, and Kirchhoff-type operators
represents one of the most significant shifts in the landscape of modern functional analysis.
This evolution reflects a transition from the classical linear theory of the 19th century toward
increasingly complex frameworks that account for nonlinearity, anisotropy, and nonlocality. A
central theme in this trajectory is the quest for nontrivial weak solutionssolutions that are not
identically zero which provide meaningful physical interpretations in contexts such as fluid
dynamics, structural mechanics, and image processing.

The systematic investigation of the p-Laplacian operator serves as the foundational pillar of this
field. Established in the mid-20th century, the study of the p-Laplacian was motivated by
applications where classical smoothness was non-existent (by non-Newtonian fluid mechanics
and nonlinear elastic). This led to the formulation of weak solutions within the Sobolev space.
A critical turning point in proving the existence of these solutions was the application of
Ekeland’s Variational Principle.Unlike the classical Weierstrass method, which requires strong
compactness to find a global minimum, Ekeland’s principle allows for the construction of
minimizing sequences specifically Palais-Smale (PS) sequences for functionals that are simply
lower semicontinuous and bounded from below. This principle is particularly effective when
the energy functional is coercive but lacks the necessary compactness for the direct method of
the calculus of variations. By ensuring that an "almost" critical point exists within an arbitrary
proximity of a minimizing sequence, Ekeland’s principle provides the technical bridge needed
to extract nontrivial weak solutions through limit processes. This approach, often used in
conjunction with the Mountain Pass Theorem (Ambrosetti and Rabinowitz), ensures that even
in complex energy landscapes where a global minimum is not immediately apparent, a saddle-
point structure can be exploited to prove the existence of at least one nontrivial solution.

As material science progressed, the need to model highly heterogeneous media such as
electrorheological fluids (smart fluids that change viscosity in an electric field) led to the
generalization of the constant exponent p- to a spatial variable p(x). The resulting p(x)-
Laplacian operator, introduced a new level of analytical complexity. The transition to variable
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exponent Sobolev spaces required a fundamental reevaluation of classical functional tools. Key
properties such as the validity of Sobolev embeddings, the Poincaré inequality, and even the
density of smooth functions became dependent on the regularity of the exponent function p(x),
typically requiring Log-Hélder continuity. In this setting, proving the existence of nontrivial
solutions is significantly more delicate due to the non-homogeneous nature of the operator.
Unlike the p-Laplacian, the p(x)-Laplacian is not (p-1)-homogeneous, which complicates the
use of standard scaling arguments and necessitates the use of the Luxemburg norm and modular
analysis. Ekeland’s Variational Principle remains a primary strategy here, as it does not rely on
homogeneity, allowing researchers to handle the nonstandard growth conditions inherent in
these anisotropic models.

In parallel, the introduction of nonlocality through Kirchhoff-type operators marked another
transformative phase. Originating from Kirchhoff’s 1876 extension of the wave equation for
vibrating strings, these models account for global interactions where the tension depends on the
average deformation. In elliptic boundary value problems, this is expressed as:

-M (fﬂ IVulpdx) Apyu = f(x,u) (1)

The defining characteristic of Kirchhoff equations is their inherent nonlocality; the operator at
any single point depends on the integral of the gradient over the entire domain. This feature
introduces substantial analytical challenges, as the lack of locality complicates the verification
of standard compactness conditions. The competition between the growth of the Kirchhoff term
M and the reaction term f(x, u) determines whether the functional possesses a mountain-pass
geometry or a bounded-from-below structure. To find nontrivial weak solutions, researchers
often apply Ekeland’s principle to functional sub-manifolds, such as the Nehari Manifold, to
ensure that the obtained critical points are bounded away from the trivial zero state.

The most recent frontier involves the synthesis of these frameworks: the study of Kirchhoff-
type problems subject to variable exponent p(x)-growth conditions. These hybrid models
represent the pinnacle of current nonlinear analysis, as they simultaneously incorporate spatial
heterogeneity (via the variable exponent) and global interactions (via the nonlocal term). The
presence of the nonlocal term M alongside the p(x)-Laplacian creates a mathematical
environment where the standard Ambrosetti-Rabinowitz condition is often too restrictive. This
has prompted the development of new, superlinear growth conditions and the refinement of
concentration-compactness principles.

In conclusion, the history of weak solutions for these operators illustrates a progressive
movement toward more generalized and realistic mathematical models. The shift from simply
finding "any" solution to rigorously proving the existence of nontrivial solutions has driven the
refinement of critical point theory. From the foundational p-Laplacian and the robust
application of Ekeland’s Variational Principle to the modern complexities of nonlocal variable
exponent problems, this evolution continues to expand. It ensures that nonlinear elliptic PDEs
remain at the heart of contemporary research, providing the necessary mathematical rigor for
next-generation applications in image processing, population dynamics, and composite material
modeling.

Keywords: Variable exponent Lebesgue-Sobolev spaces; Weak solution; p(x)-Laplacian
operator
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0Z

Egitim yapilari, kullanicilarin giin i¢erisinde uzun siire vakit gecirdigi ve mekansal konforun
dogrudan 6grenme verimliligini, dikkat siiresini ve genel kullanici deneyimini etkiledigi 6nemli
yapt tiirleri arasinda yer almaktadir. Bu yapilar yalnizca dersliklerden olusan kapali alanlar
degil, ayn1 zamanda sosyal etkilesimi destekleyen, dolasimi diizenleyen ve kullanicilarin giin
icindeki farkl: ihtiyaglarina cevap veren ¢ok katmanli mekansal organizasyonlardir. Ozellikle
lise Olcegindeki egitim yapilari, dgrencilerin akademik gelisimlerinin yanmi sira sosyal ve
psikolojik gelisimlerine de dogrudan etki eden yasam alanlar1 niteligi tasimaktadir. Bu nedenle
egitim yapilarinda mekénsal kalite, erisilebilirlik, konfor kosullar1 ve alanlar arasi iligki diizeyi,
kullanict deneyimini belirleyen temel unsurlar olarak 6ne ¢ikmaktadir.

Bu baglamda g¢alismanin amaci Diyarbakir Ozel Riizgar Fen Lisesi’nde kullanicilarm
mekanlarla kurdugu iliski ve yapmin sundugu fiziksel kosullar {izerinden mekéansal
performansin incelenmesidir. Yapinin farkli kullanim alanlarinda sundugu imkanlar, mekansal
organizasyonun gii¢lii ve zayif yonlerini ortaya koymakta ve egitim yapilarinda kullanic1 odakli
tasarim yaklagiminin 6nemini goriiniir kilmaktadir.

Calisma kapsaminda yontem olarak gorsel analiz ve saha goOzlemleri birlikte
degerlendirilmistir. Gorsel analiz yontemi ile yapinin mekansal organizasyonu, plan kurgusu
ve tasarim Ozellikleri incelenmis; saha gozlemleri ile mekanlarin kullanim bigimleri, dolasgim
hareketleri ve yogunluk olusan alanlar yerinde tespit edilmistir. Bu dogrultuda yapi, farklh
mekan tirleri arasindaki iligkiler, kullanim stirekliligi ve mekansal konfor kosullar1 iizerinden
degerlendirilmistir.

Yapi genel olarak incelendiginde, islevsel gereksinimleri biiylik 6l¢iide karsilayan bir mekansal
diizene sahip oldugu goriilmektedir. Ancak mekansal kalite alanlar arasinda dengeli
dagilmamakta ve kullanict deneyimi mekéan tiirlerine gore farklilik gostermektedir. Bu durum,
yapinin bazi alanlarinda daha nitelikli bir mekansal organizasyon sunarken bazi alanlarda ise
yetersizlikler barindirdigini ortaya koymaktadir.

Yapimnin dis cephe algist genel olarak olumlu bir etki olusturmaktadir. Cephe tasariminda
kullanilan renk ve malzeme kararlar1 gorsel a¢idan kabul edilebilir bir biitiinliik saglamaktadir.
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Bununla birlikte yapinin bulundugu g¢evre ile kurdugu mekansal iliski siirli kalmaktadir.
Yapinin gevresiyle biitlinlesme agisindan giiclii bir gecis veya siireklilik sunmamasi, ¢evresel
algisin1 kismen zayiflatirken, ¢evre ve agik alan diizenlemelerinin kullanici ihtiyaglarini
karsilamada yetersiz kalmasi ve ozellikle agik alan biiyiikliikklerinin kullanim yogunlugunu
karsilamakta zorlanmasi, alanin islevsel kullanimini sinirlamaktadir.

Yapinin giriginin bulundugu alan, yapinin ilk karsilagsma noktas1 olmasina ragmen yeterince
giiclii bir yonlendirme ve karsilama etkisi olusturmamaktadir. Bu alanlarin mekansal olarak
daha taniml1 ve kullaniciy1 yonlendiren bir yapiya doniistiiriilmesi gerekmektedir.

Koridorlar ve dikey sirkiilasyon alanlar1 yapinin en yogun kullanilan dolagim bolgeleridir. Bu
alanlar temel islevini karsilamakla birlikte mekansal konfor acisindan bazi smirhiliklar
barmdirmaktadir. Ozellikle dogal aydinlatma ve havalandirma kosullarmin zayif olmasi, bu
alanlarda daha kapali ve yogun bir algi olusmasina neden olmaktadir. Yogun kullanim
saatlerinde dolasim akismnin  zorlastigi  ve mekansal sikigiklik  hissinin  arttig1
g6zlemlenmektedir.

Sinif mekanlari, yapi igerisinde en iyi performans gosteren alanlar arasinda yer almaktadir. Bu
alanlarda mekansal diizenin anlasilir oldugu, aydinlatma kosullarinin yeterli diizeyde saglandigi
ve kullanim acisindan belirgin bir sorunla karsilasiimadigi gdzlemlenmektedir. Ogrenme
ortamini destekleyen bu mekanlarin, diger alanlara kiyasla daha dengeli bir fiziksel kurguya
sahip oldugu anlagilmaktadir.

Idari birimler de benzer sekilde islevsel acidan yeterli bir mekansal yap1 sunmaktadir. Mekansal
organizasyonun agik ve diizenli olmasi, bu alanlarda erisimi ve kullanimi kolaylastirmaktadir.
Giinliik isleyisi aksatacak belirgin bir mekéansal sorun tespit edilmemistir.

Islak hacimler ve yemekhane alanlar1 incelendiginde, bu mekanlarda kullanim yogunluguna
bagl olarak zaman zaman mekansal yetersizlikler olustugu gézlemlenmektedir. Ozellikle
yogun saatlerde kapasitenin kullanim talebini karsilamakta zorlandigi, bu durumun mekansal
konforu olumsuz etkiledigi goriilmektedir.

Kantin alani, yap1 igerisinde sosyal etkilesimin en yogun gerceklestigi mekanlardan biri olarak
one cikmaktadir. Bu alan diger ortak kullanim alanlarina gore daha olumlu bir kullanici
deneyimi sunmakta, ancak kapasite ve yogunluk acisindan gelistirilmesi gereken yonler
barmndirmaktadir. Bu dogrultuda alanin kapasitesinin artirilmasi ve oturma diizeninin yeniden
dizenlenmesi 6nerilmektedir.

Sonug olarak Diyarbakir Ozel Riizgar Fen Lisesi, islevsel mekanlar acisindan genel olarak
yeterli bir performans sergilerken, sosyal ve acik alanlarin gelistirilmesi gereken temel zayif
noktalar oldugu belirlenmistir. Kullanicilarin ders dis1 zamanlarda vakit gegirebilecegi alanlarin
sinirlt olmasi, mekansal cesitliligi azaltmakta ve yapr i¢i deneyimi daha tekdiize bir hale
getirmektedir. Bu kapsamda giris alani, agik alanlar ve sirkiilasyon bolgelerinde mekansal
kaliteyi artirmaya yonelik diizenlemeler Onerilmektedir. A¢ik alanlarin yeniden organize
edilmesi, golgelendirme ve oturma elemanlarinin artirilmasi, koridorlarda dogal aydinlatma ve
havalandirma kosullarinin 1iyilestirilmesi ve giris alaninda daha giiclii bir ydnlendirme
kurgusunun olusturulmasi mekansal deneyimi giiclendirecek miidahaleler olarak
degerlendirilmektedir. Ayrica yemekhane ve 1slak hacimlerde kapasite ve kullanim konforunun
artirtlmasi, kantin alaninda ise sosyal kullanim potansiyelini destekleyecek diizenlemelerin
yapilmas1 6nerilmektedir.
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Bu calisma, yalmzca Diyarbakir Ozel Riizgar Fen Lisesi’nin mevcut mekansal durumunun
degerlendirilmesine katki saglamakla kalmayip, benzer egitim yapilarinin tasarim siireglerine
yonelik gelistirme onerileri sunmay1 da amaglamaktadir. Elde edilen bulgular dogrultusunda,
mekansal kalite dagiliminin biitiinciil bir yaklasimla ele alinmasi gerektigi anlasilmaktadir.
Calisma kapsaminda yapi; erisilebilirlik, mekansal diizenleme, konfor kosullar1 ve gézlemsel
degerlendirme agisindan ele alinmig olup, elde edilen veriler gelecekte gergeklestirilecek
tasarim ve iyilestirme siirecleri icin 6nemli bir referans niteligi tasimaktadir.

Anahtar Kelimeler: Lise Yapilari;, Mekdnsal Deneyim; Mekdnsal Degerlendirme; Egitim
Yapilar1; Gozlemsel Analiz.

ABSTRACT

Educational buildings are among the important building types in which users spend long periods
of time during the day, and where spatial comfort directly affects learning efficiency, attention
span, and overall user experience. These structures are not merely enclosed spaces consisting
of classrooms, but also multilayered spatial organizations that support social interaction,
regulate circulation, and respond to the different needs of users throughout the day. Especially
educational buildings at the high school scale function as living spaces that directly influence
not only the academic development of students but also their social and psychological
development. For this reason, spatial quality, accessibility, comfort conditions, and the level of
relationship between spaces stand out as the main factors determining user experience in
educational buildings.

In this context, the aim of the study is to examine the spatial performance of Diyarbakir Private
Rizgar Science High School through the relationship established by users with the spaces and
the physical conditions offered by the building. The opportunities provided in different usage
areas of the building reveal the strengths and weaknesses of the spatial organization and make
visible the importance of a user-oriented design approach in educational buildings.

Within the scope of the study, visual analysis and field observations were evaluated together as
the research method. Through the visual analysis method, the spatial organization, plan scheme,
and design characteristics of the building were examined; through field observations, the usage
patterns of the spaces, circulation movements, and areas of high density were identified on-site.
In this direction, the building was evaluated through the relationships between different space
types, continuity of use, and spatial comfort conditions.

When the building is examined in general, it is seen that it has a spatial arrangement that largely
meets functional requirements. However, spatial quality is not distributed evenly among the
spaces, and user experience differs according to space types. This situation reveals that while
the building offers a more qualified spatial organization in some areas, it also contains
inadequacies in others.

The perception of the exterior fagade of the building generally creates a positive effect. The
color and material decisions used in the fagade design provide an acceptable visual integrity.
However, the spatial relationship established by the building with its environment remains
limited. The fact that the building does not offer a strong transition or continuity in terms of
integration with its surroundings partially weakens its environmental perception, while the
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insufficiency of environmental and open-space arrangements in meeting user needs, and
especially the difficulty of open-space sizes in accommodating usage intensity, limits the
functional use of the area.

Although the entrance area of the building is the first point of encounter with the structure, it
does not create a sufficiently strong sense of orientation and welcoming. These areas need to
be transformed into a more spatially defined structure that guides the user.

Corridors and vertical circulation areas are the most intensely used circulation zones within the
building. Although these areas fulfill their basic functions, they contain certain limitations in
terms of spatial comfort. In particular, the weakness of natural lighting and ventilation
conditions causes a more enclosed and dense perception in these areas. During peak usage
hours, it is observed that circulation flow becomes difficult and the feeling of spatial congestion
increases.

Classroom spaces are among the areas showing the best performance within the building. In
these areas, it is observed that the spatial arrangement is understandable, lighting conditions are
provided at a sufficient level, and no significant problem is encountered in terms of use. It is
understood that these spaces, which support the learning environment, have a more balanced
physical configuration compared to other areas.

Administrative units similarly provide a spatial structure that is functionally sufficient. The
clear and orderly spatial organization facilitates accessibility and use in these areas. No
significant spatial problem that would disrupt daily functioning has been identified.

When wet areas and cafeteria spaces are examined, it is observed that spatial inadequacies occur
from time to time in these spaces depending on usage intensity. Especially during peak hours,
it is seen that the capacity struggles to meet user demand, and this situation negatively affects
spatial comfort.

The canteen area stands out as one of the spaces where social interaction occurs most intensely
within the building. Compared to other common-use areas, this space provides a more positive
user experience; however, it contains aspects that need improvement in terms of capacity and
density. In this direction, it is recommended to increase the capacity of the area and reorganize
the seating arrangement.

As a result, while Diyarbakir Private Riizgar Science High School generally demonstrates
sufficient performance in terms of functional spaces, it has been determined that social and open
spaces are the main weak points that require improvement. The limited number of areas where
users can spend time outside class hours reduces spatial diversity and makes the in-building
experience more monotonous. In this context, arrangements aimed at improving spatial quality
in entrance areas, open spaces, and circulation zones are recommended. Reorganizing open
spaces, increasing shading and seating elements, improving natural lighting and ventilation
conditions in corridors, and creating a stronger orientation scheme in the entrance area are
considered interventions that would strengthen the spatial experience. In addition, increasing
capacity and usage comfort in the cafeteria and wet areas, and making arrangements in the
canteen area that support social use potential are recommended.
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This study aims not only to contribute to the evaluation of the existing spatial condition of
Diyarbakir Private Riizgar Science High School, but also to provide development suggestions
for the design processes of similar educational buildings. In line with the findings obtained, it
is understood that the distribution of spatial quality should be addressed with a holistic
approach. Within the scope of the study, the building was examined in terms of accessibility,
spatial organization, comfort conditions, and observational evaluation, and the data obtained
constitute an important reference for future design and improvement processes.

Keywords: High School Buildings; Spatial Experience; Spatial Evaluation; Educational
Buildings; Observational Analysis.
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OZET

Bu calismada, iyilestirilmis zeminlerde iyilestirme sonrasi tagima giicliniin belirlenmesinde
kullanilan ampirik bir bagintinin giivenilirligi, i¢ boyutlu sonlu elemanlar analizleri ile
incelenmistir. Bu kapsamda, 6dnce Misir Damietta Liman1 sahasina ait yiikkleme deneyi verileri
(Eid ve ark., 2018) PLAXIS 3D bilgisayar programinda modellenerek sayisal yaklagimin saha
verileri ile uyumlu oldugu dogrulanmistir. Ardindan ayn1 modelleme disiplini fore kaziklarla
iyilestirilmis farkli bir zemin problemine uygulanmstir.

Analizlerde, zemin davranisi Hardening Soil ve Mohr-Coulomb blnye modelleri ile
tanimlanmuis, iyilestirme Oncesi ve sonrasi yiik-oturma egrileri karsilastirilmistir. Elde edilen
sonuclara gore, sayisal analiz ile iyilestirme Oncesi zemin tagima giicii yaklasik olarak 30 t/m?2
olarak rapor verileri uyumlu bulunmustur. Iyilestirme sonras1 durumda ise ampirik formulle 40
t/m? olarak hesaplanan deger, sayisal analizde yaklasik 50 t/m? olarak elde edilmistir. Elde
edilen sonuglar degerlendirildiginde, ampirik bagint1 ile elde edilen iyilestirme sonrasi tagima
giicli degerinin, ii¢ boyutlu sayisal analizler ile elde edilen degere gore yaklasik 20% diisiik
oldugu belirlenmistir.

Sonug olarak ampirik baginti ile glivenli tarafta kalindig1 ama sayisal analizler ile daha dogru
ve maliyet agisindan daha avantajli degerlerin elde edildigi belirlenmistir. Olusan %20 diisiik
dayanim tespitine bagli olarak, s6z konusu ampirik bagmtinin kullanimi bazi durumlarda
gereginden fazla kazik boyu, daha sik kazik aralig1 ve dolayisiyla maliyet agisindan dezavantajli
uygulamalara sebebiyet verebilmektedir. Sonug olarak, ampirik bagintilarin 6n degerlendirme
icin kullanilabilecegi, ancak daha ekonomik tasarimlar i¢in 3 boyutlu modellemelerin daha
avantajl oldugu degerlendirilmistir.

Anahtar Kelimeler: Zemin iyilestirmesi; Tasima giicii; PLAXIS 3D; Fore kazik; Sayisal analiz.
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ABSTRACT

In this study, the reliability of an empirical correlation used to determine the post-improvement
bearing capacity of improved soils was investigated through three-dimensional finite element
analyses. Within this scope, the loading test data from the Damietta Port site in Egypt (Eid et
al., 2018) were first modeled using the PLAXIS 3D software, and the numerical approach was
verified to be compatible with the field data. Subsequently, the same modeling procedure was
applied to a different ground improvement problem involving bored piles.

In the analyses, soil behavior was defined using the Hardening Soil and Mohr—Coulomb
constitutive models, and the load-settlement curves before and after improvement were
compared. According to the results obtained, the pre-improvement bearing capacity of the soil
was determined by numerical analysis to be approximately 30 t/m2, which was found to be
consistent with the report data. In the post-improvement condition, however, the bearing
capacity calculated as 40 t/m? using the empirical correlation was obtained as approximately 50
t/m2 in the numerical analysis. Evaluation of the results indicated that the post-improvement
bearing capacity value obtained from the empirical correlation was approximately 20% lower
than the value obtained from the three-dimensional numerical analyses.

As a result, it was determined that the empirical correlation remains on the safe side, whereas
numerical analyses provide more accurate and more cost-effective values. Due to this
approximately 20% underestimation of strength, the use of the empirical correlation may, in
some cases, lead to unnecessarily long pile lengths, closer pile spacing, and consequently
economically disadvantageous applications. Consequently, it was concluded that empirical
correlations may be used for preliminary assessment; however, three-dimensional modeling is
more advantageous for more economical designs.

Keywords: Ground improvement; Bearing capacity; PLAXIS 3D; Bored pile; Numerical
analysis.
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OZET

Bu ¢alismada, insaat moloz atiklarindan elde edilen geri kazanilmis agrega kullanilarak imal
edilen tas kolonlarin davraniginin incelenmesi amaglanmis ve gerceklestirilen sayisal analiz
sonuglarina yer verilmistir. Oncelikle geri kazamlmis agregalarla ile ilgili literatiirde mevcut
deneysel calismalardan veriler elde edilmis ve zemin iyilestirme yontemlerinden tas kolon
uygulamalarinda kullanilmasi iizerine degerlendirmeler yapilmistir. Dogal agrega ve geri
kazanilmis agrega parametreleri kullanilarak tas kolonlar modellenmis ve sayisal analizler
PLAXIS-2D programu ile yapilmistir. Analiz sonuglarina gore, geri kazanilmig agregalarla imal
edilen tas kolonlarin oturma degerlerinin, dogal agregali tag kolonlara kiyasla yaklasik %7-16
oraninda daha yliksek oldugu, ancak genel davranis agisindan benzer performans sergiledigi
belirlenmistir. Geri kazanilmig agregalarin  geoteknik uygulamalarda kullaniminin
yayginlastirilmasi, ¢evre dostu miihendislik ¢éziimlerinin gelistirilmesine katki saglayacak
olup, siirdiiriilebilirlik ve sifir atik hedefleri ile uyumlu bir yaklagim olarak 6nerilmektedir. Geri
kazanilmis agreganin kullanilmas: dogal agrega kullanimini azaltarak ekonomik avantaj
saglayacag ongoriilmektedir.

Anahtar Kelimeler: Sifir atik, Siirdiiriilebilirlik, Geri kazamilmis agrega, Zemin Iyilestirme,
Tas kolon

168


mailto:sselmandeniz@gmail.com

Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

ABSTRACT

This study aims to investigate the behavior of stone columns manufactured using recycled
aggregate obtained from construction debris waste, and presents the results of the numerical
analysis performed. First, data from existing experimental studies in the literature on recycled
aggregates were obtained, and evaluations were made regarding their use in stone column
applications as a soil improvement method. Stone columns were modeled using natural
aggregate and recycled aggregate parameters, and numerical analyses were performed using
the PLAXIS-2D program. According to the analysis results, it was determined that the
settlement values of stone columns manufactured with recycled aggregates were approximately
7-16% higher compared to stone columns with natural aggregates, but they exhibited similar
performance in terms of overall behavior. Widespread use of recycled aggregates in
geotechnical applications will contribute to the development of environmentally friendly
engineering solutions and is proposed as an approach compatible with sustainability and zero
waste goals. It is predicted that the use of recycled aggregate will provide economic advantages
by reducing the use of natural aggregate.

Keywords: Zero waste, Sustainability, Recycled aggregate, Soil Improvement, Stone column.
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Miizik ile mimarlik arasindaki iliski ¢cogu arastirmada oran, tekrar, ritim ve diizen gibi ortak
tasarim ilkeleri tizerinden tartisiimaktadir. Mekan deneyiminin gorsel verilerle sinirli olmadigi;
isitsel cevre, beden ve hafiza ile birlikte kuruldugu literatiirde siklikla vurgulanmaktadir (Asar,
2013; Oner, 2020). Miizik algisina iliskin ¢alismalar da ritim, tin1, tempo, vurgu ve beklenti
orgiistinlin dinleyicide duygusal ve biligsel karsiliklar iirettigini, bu karsiliklarin mekansal
imgelere doniisebildigini gostermektedir (Yazici, 2017). Arastirma, séz konusu literatiir
cizgisinden hareketle Antonio Vivaldi'nin Dort Mevsim baglikli kongertolarini temel tasarim
ilkeleri dogrultusunda incelemeyi amaglamaktadir. Odak, miizigi mimari forma dogrudan
ceviren bir esleme modeli kurmak degildir. Asil amag, isitsel diizenin mimari diisiinceyle
kesistigi ritim, denge, siireklilik, tekrar, kontrast ve hareket gibi ilkeleri goriiniir kilmaktir.

Mevcut caligmalar, miizik-mekan iligkisini ¢ogu kez metafor, analoji ya da bi¢cimsel benzerlik
ekseninde ele almaktadir. Ortak tasarim ilkelerinin belirli bir miizikal eser tizerinden sistemli
bigimde okunmasi daha sinirli goriinmektedir. Isitsel bir yapmin hangi kosullarda agiklik,
yogunluk, yon, denge ya da esik hissi iirettigi sorusu, mimarlik alaninda ¢ogu zaman akustik
performans tartismalarmin gerisinde kalmaktadir (Asar, 2013; Oner, 2020). Vivaldi'nin Dért
Mevsim'i, mevsimsel degisimleri belirgin anlati diiglimleriyle kurdugu icin bu boslugu
tartismaya elverigli bir 6rnek sunar. Programli yapi, dinleyicinin ses ile ¢evresel imge arasinda
dogrudan iliski kurmasina izin verir. Mevsimlerin her biri farkli hiz, yogunluk, dinamik ve
duygusal atmosfer i¢erdiginden, ayni eser iginde ¢oklu mekansal okuma katmanlari tiretmek
miimkiin hale gelmektedir (Nar Sanat, t.y.; Skoove, 2024).
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Inceleme iki katmanda kurgulanmstir. {lk katmanda miizik, alg1 ve mekan iliskisine odaklanan
kaynaklar taranmis; ardindan eserin programli yapisi, mevsimsel anlatis1 ve boliim kurgusu
temel tasarim ilkeleriyle birlikte okunmustur. Dért Mevsim'in program miizik niteligi, doga
olaylarin1 ve mevsim gegislerini ses yoluyla belirginlestiren anlati yapist nedeniyle arastirma
icin elverisli bir 6rnek sunmaktadir (Nar Sanat, t.y.; Skoove, 2024). Ikinci katmanda nicel
asamaya temel olusturacak dinleti ve anket tasarimi hazirlanmistir. Anket kurgusunda agiklik-
kapalilik, hareketlilik-duraganlik, yogunluk, 151k etkisi, yon duygusu ve atmosfer gibi mekansal
algi parametrelerine yer verilmistir. Katilime1 grubunun mimarlik ve miizik alanlarindan
secilmesi, isitsel uyaran ile mekansal ¢agrisim arasindaki ortaklik ve ayrigmalari karsilastirmali
bicimde okumaya imkan vermektedir.

Yontem boliimiinde esas alinan yaklagim, miizikal veriyi dogrudan bigimsel c¢iktiya
dontiistiirmek yerine kavramsal eslestirme yapmaktir. Boliimler ve alt boliimler ritim, tekrar,
vurgu, yogunlagsma, gevseme ve gecis diizeyleri bakimindan incelenmistir. Elde edilen
coziimlemeler daha sonra temel tasarim ilkeleri ile iliskilendirilmistir. Ritim i¢in vurus 6rgiisii
ve tekrar dizileri; denge i¢in gerilim-¢oziilme iligkisi; stireklilik i¢in tematik akis; kontrast i¢in
ani dinamik degisimler; hareket i¢cin yon duygusu ve ivme; mekansal algi i¢in ise agik-kapali
alan, Olgek, 1s1k, yiikseklik ve ylizey hissi gibi parametreler esas alinmistir. Boyle bir
siniflandirma, miiziksel olay ile mimari cagristm arasindaki iliskinin izlenebilir Slgiitlerle
tartisilmasini saglamaktadir.

Metinsel ve isitsel c¢oOziimleme, her mevsimin farkli bir mekansal kurgu Onerdigini
gostermektedir. Ilkbahar boliimii agilma, hafifleme ve akis hissi iiretmektedir. Kus seslerini
andiran kisa tekrarlar ile akici ritmik yapi, dis mekén ve gecirgen ¢evre imgesini giiclendirir.
Yaz bolimii baski, bekleyis ve ani kirilma {izerine kurulur. Durgun baslayan akisin firtina
etkisine acilmasi, kontrast ve hareket ilkesini belirginlestirir; agik alan1 ferah bir ¢gevre olmaktan
cikarip korunmasiz bir yiizeye doniistiiriir. Sonbahar boliimiinde ritim ile tekrar toplu hareket
duygusu tretir. Hasat, kutlama, gevseme ve av sahnesi gibi ardigik anlatilar, kamusal alan,
meydan ve yon degistiren agik arazi ¢agrisimlarint 6ne ¢ikarir. Kig boliimii ise kirilgan denge,
ice ¢ekilme ve kontrollii hareket {izerinden okunmaktadir. Hizl1 yinelemeler, keskin aksanlar
ve soguk ylizey hissi, kaygan zemin, esik ve korunakli i¢ hacim imgelerini desteklemektedir
(Nar Sanat, t.y.; Skoove, 2024).

Calismanin bir diger katkisi, temel tasarim egitiminde kullanilan soyut kavramlar arasinda
kavramsal ayrim yapabilmesidir. Ritim ile tekrarin ayn1 sey olmadigi, kontrastin salt karsitlik
degil gecis yonetimiyle ilgili oldugu, denge hissinin simetriden ¢ok gerilim dagilimina bagh
kurulabildigi, boliim ¢oziimlemeleri lizerinden daha agik bigimde izlenmektedir. Mevsimlere
gore yapilan okuma da bu ayrimi desteklemektedir. ilkbaharda ritim ile siireklilik, yazda
kontrast ile hareket, sonbaharda tekrar ile toplu yonelme, kista denge ile esik duygusu daha
baskin goriinmektedir. Arastirmanin nicel agsamasinda iiretilecek verilerin, bu analitik ¢erceveyi
katilimer algilariyla stnamasi amaglanmaktadir.

Elde edilen ¢erceve, miizikal oriintiilerin mimari tasarim egitiminde soyut ilkeleri somutlastiran
bir ara¢ olarak kullanilabilecegine isaret etmektedir. Ritim, denge ya da kontrast gogu zaman
iki boyutlu kompozisyon egzersizleriyle 6gretilmektedir. Dinleme temelli bir okuma ise ayni
ilkeleri zaman, beden ve duygu tlizerinden kavramaya olanak tanir. Nicel asamada ytirtitiilecek
dinleti ve anket uygulamasinin, dinleyicilerin hangi miizikal kesitleri a¢ik ya da kapali, duragan
ya da hareketli, hafif ya da yogun mekansal imgelerle eslestirdigini goriiniir kilmasi
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beklenmektedir. Arastirmanin mimarlik literatliriine 6nerdigi katki, isitsel deneyimi akustik
performans diizeyine indirmeden, algisal ve tasarimsal bir veri olarak ele almasidir. Miizik ile
mimarlik arasindaki iligki, bu ¢cercevede, benzetme diizeyinden ¢ikarak kavramsal ve yontemsel
bir tartigma alanina tasinmaktadir.

Anahtar Kelimeler: Music and Architecture; Rhythm; Basic Design Principles; Spatial
Perception; Vivaldi’s Four Seasons

ABSTRACT

The relationship between music and architecture is discussed in many studies through shared
design principles such as proportion, repetition, rhythm, and order. The literature frequently
emphasizes that spatial experience is not limited to visual data; rather, it is constructed through
the interaction of the auditory environment, the body, and memory (Asar, 2013; Oner, 2020).
Studies on musical perception also show that rhythm, timbre, tempo, accent, and patterns of
expectation generate emotional and cognitive responses in listeners, and that these responses
may transform into spatial images (Yazici, 2017). Based on this line of inquiry, the present
study aims to examine Antonio Vivaldi’s The Four Seasons in relation to basic design
principles. The focus is not on establishing a one-to-one model that translates music directly
into architectural form. The main objective is to make visible the points at which auditory order
intersects with architectural thinking through principles such as rhythm, balance, continuity,
repetition, contrast, and movement.

Existing studies tend to address the music-space relationship through metaphor, analogy, or
formal similarity. More systematic readings of shared design principles through a specific
musical work remain relatively limited. The question of under what conditions an auditory
structure produces a sense of openness, density, direction, balance, or threshold has often
remained secondary to discussions of acoustic performance in architecture (Asar, 2013; Oner,
2020). Vivaldi’s The Four Seasons provides a suitable example for addressing this gap because
it constructs seasonal change through clearly defined narrative nodes. Its programmatic
structure allows the listener to establish a direct relationship between sound and environmental
imagery. Since each season contains different speeds, densities, dynamics, and emotional
atmospheres, the work offers multiple layers of spatial interpretation within a single
composition (Nar Sanat, n.d.; Skoove, 2024).

The study is structured on two levels. The first level reviews sources focusing on music,
perception, and space, and then reads the work’s programmatic structure, seasonal narrative,
and sectional organization together with basic design principles. The program music character
of The Four Seasons makes it a suitable case for the study because its narrative structure renders
natural events and seasonal transitions perceptible through sound (Nar Sanat, n.d.; Skoove,
2024). The second level involves the preparation of a listening session and questionnaire design
that will form the basis of the quantitative phase. The questionnaire framework includes spatial
perception parameters such as openness-closure, movement-stillness, density, light effect, sense
of direction, and atmosphere. Selecting participants from the fields of architecture and music is
expected to make it possible to compare similarities and differences between auditory stimuli
and spatial associations.
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The methodological approach adopted in the study does not convert musical data directly into
formal output; instead, it relies on conceptual matching. Sections and subsections are examined
in terms of rhythm, repetition, accent, intensification, relaxation, and transition. These analyses
are then related to basic design principles. Beat patterns and repetitive sequences are used to
examine rhythm; tension-resolution relations to examine balance; thematic flow to examine
continuity; sudden dynamic shifts to examine contrast; sense of direction and acceleration to
examine movement; and parameters such as open-closed space, scale, light, height, and surface
sensation to examine spatial perception. Such a classification makes it possible to discuss the
relationship between musical events and architectural associations through traceable criteria.

The textual and auditory analysis shows that each season proposes a different spatial
configuration. Spring produces a sense of opening, lightness, and flow. Short repetitions
resembling birdsong and a fluid rhythmic structure strengthen the image of outdoor space and
a permeable environment. Summer is built on pressure, anticipation, and sudden rupture. The
shift from a static opening to a storm effect makes the principles of contrast and movement
more legible, transforming open space from a pleasant environment into an exposed surface. In
Autumn, rhythm and repetition generate a sense of collective movement. Sequential narratives
such as harvest, celebration, relaxation, and hunting foreground associations with public space,
squares, and open terrain marked by shifting directions. Winter, by contrast, is read through
fragile balance, withdrawal, and controlled movement. Rapid reiterations, sharp accents, and
the sensation of cold surfaces support images of slippery ground, thresholds, and protected
interior volumes (Nar Sanat, n.d.; Skoove, 2024).

Another contribution of the study lies in its ability to distinguish among abstract concepts used
in basic design education. Sectional analyses show more clearly that rhythm and repetition are
not identical, that contrast is not merely opposition but also concerns the management of
transitions, and that the feeling of balance may depend less on symmetry than on the distribution
of tension. The seasonal reading supports these distinctions. Rhythm and continuity appear
more dominant in Spring, contrast and movement in Summer, repetition and collective
orientation in Autumn, and balance and threshold in Winter. The quantitative phase of the
research is intended to test this analytical framework through participant perceptions.

The resulting framework suggests that musical patterns can serve as a tool for concretizing
abstract principles in architectural design education. Concepts such as rhythm, balance, and
contrast are often taught through two-dimensional composition exercises. A listening-based
reading, by contrast, allows these same principles to be understood through time, the body, and
emotion. The listening sessions and questionnaire planned for the quantitative phase are
expected to reveal which musical excerpts listeners associate with spatial images such as open
or closed, static or dynamic, light or dense. The contribution proposed to the architectural
literature lies in treating auditory experience not merely at the level of acoustic performance,
but as perceptual and design-related data. Within this framework, the relationship between
music and architecture is moved beyond the level of analogy and into a conceptual and
methodological field of discussion.

Keywords: Music and Architecture; Rhythm; Basic Design Principles; Spatial Perception,
Vivaldi’s Four Seasons
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Koruma kavrami, tarihsel siire¢ igerisinde toplumsal, kiiltiirel, ekonomik ve bilimsel
gelismelerin etkisiyle siirekli yeniden sekillenen dinamik bir alan olarak karsimiza ¢ikmaktadir.
Ik dénemlerde agirlikli olarak anitsal yapilarin fiziksel biitiinliigiiniin korunmasina odaklanan
bu yaklagim, zamanla 6nemli bir doniisiim gecirerek yalnizca tekil yap1 Olgegiyle sinirlt
kalmamuis; kentsel ¢evreyi, kiiltiirel peyzaji ve toplumsal baglami i¢ine alan ¢ok katmanli ve
biitiinciil bir yapiya evrilmistir. Bu degisim, korumanin yalnizca teknik miidahalelerden ibaret
olmadigini; aynt zamanda kuramsal, etik, yonetsel ve sosyo-kiiltiirel boyutlar1 kapsayan
disiplinlerarasi bir alan haline geldigini agik¢a ortaya koymaktadir (Erder, 1999; Ahunbay,
1996).

Bu c¢alismada nitel arastirma yontemi benimsenmis ve kapsamli bir literatiir incelemesi
gerceklestirilmistir. Koruma kuramina yon veren temel akademik ¢alismalar ile uluslararasi
Olcekte kabul gormiis tiiziik ve sozlesmeler kronolojik bir bakis agisiyla degerlendirilmistir.
Arastirmanin temel veri kaynaklarini uluslararas1 koruma belgeleri, UNESCO soézlesmeleri,
ICOMOS tiiziik ve bildirgeleri, Avrupa Konseyi belgeleri ve koruma kurami alanindaki
akademik yayinlar olusturmaktadir. Belge analizi kapsaminda her metin; ortaya ¢ikis baglami,
temel kavramlari, koruma kuramina getirdigi yenilikler, uygulama alan1 ve ¢agdas koruma
anlayis1 icindeki yeri bakimindan incelenmistir.

Calismanin amaci Koruma anlayisinin 6zellikle 1990 sonras1 donemde gegirdigi doniisiimii
incelemek ve 21. yiizyilda ortaya ¢ikan yeni koruma yaklasgimlarint UNESCO, ICOMOS ve
Avrupa Konseyi belgeleri iizerinden degerlendirmektir. Calisma, uluslararasi metinleri
kronolojik bir siralama iginde aktarmanin Otesinde; bu belgelerin ortaya ¢iktigi tarihsel ve
kuramsal baglami, yanit verdigi sorun alanlarini, koruma kuramina dahil ettigi yeni kavramlari
ve ¢agdas koruma pratigi lizerindeki doniistiiriicli etkilerini degerlendirmektedir

19.yiizy1l ve 20. yiizyilin biiyiik bir boliimiinde koruma yaklasimi, daha ¢ok estetik ve tarihsel
degeri yiiksek yapilarin restorasyonuna odaklanmistir. Bu donemde gergeklestirilen
miidahaleler ¢ogunlukla yeniden yapim ve fiziksel iyilestirme ekseninde sekillenmis, “anitsal
koruma” anlayis1 6n planda tutulmustur. Ancak zaman igerisinde bu yaklagimin sinirliliklar
sorgulanmaya baslanmis; restorasyonun sinirlari, miidahalenin derecesi ve Ozgiinligiin
korunmasi gibi konular kuramsal tartismalarin merkezine yerlesmistir. Ozellikle Viollet-le-Duc
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ile John Ruskin ve William Morris arasinda ortaya g¢ikan goriis ayriliklari, modern koruma
kuraminin sekillenmesinde belirleyici olmustur (Jokilehto, 1999).

1964 tarihli Venedik Tiiziigii, koruma diisiincesinin uluslararasi 6l¢ekte kuramsallagsmasinda
onemli bir doniim noktasi olusturmustur. Tiiziikle birlikte koruma anlayisi, yalnizca anitsal
yapilarin fiziksel biitlinliigiiniin slirdiirilmesine yonelik sinirli bir yaklagim olmaktan ¢ikarak;
sivil mimarlik 6rneklerini, tarihi kent dokularini ve kentsel ¢evreleri de kapsayan daha biitiinciil
bir ¢cergeveye yonelmistir. Bu siirecte tarihi ¢evre, yalnizca tekil yapilarin toplami olarak degil;
fiziksel, sosyal, kiiltiirel ve tarihsel degerlerin birlikte okunmasi gereken ¢ok katmanl bir biitiin
olarak degerlendirilmeye baslanmistir ICOMOS, 1964; Oztekin, 1992).

1970’11 yillardan itibaren koruma anlayis1 daha genis bir perspektife taginmis ve “biitiinlesik
koruma” yaklasimi 6n plana ¢ikmistir. 1975 tarihli Amsterdam Bildirgesi, korumanin yalnizca
tekil yapilarin korunmasiyla sinirh kalamayacagini; kentsel dokunun, ¢evresel 6zelliklerin ve
toplumsal yasam bicimlerinin de bu siirecin bir pargasi oldugunu ortaya koymustur.Bu
yaklagim, koruma ile sehir planlama disiplinleri arasinda gii¢lii bir bag kurulmasini saglamis ve
koruma stireclerinin ¢ok disiplinli bir yapiya doniismesine katkida bulunmustur. Boylece
koruma, yalnizca ge¢mise ait degerleri muhafaza eden bir faaliyet olmaktan ¢ikarak, kentsel
gelisim siirecleriyle biitiinlesen stratejik bir ara¢ haline gelmistir (Council of Europe, 1975).

1990’11 yillar, koruma anlayisinda énemli bir doniisiimiin yasandig1 bir donem olarak 6ne
cikmaktadir. Bu siiregte koruma, yalnizca fiziksel miidahalelere odaklanan bir yaklasim
olmaktan ¢ikarak sosyal, ekonomik ve yoOnetsel boyutlari iceren biitiinciil bir gercevede
degerlendirilmeye baglanmistir. Kiiresellesme, hizli kentlesme ve teknolojik gelismeler,
kiltiirel miras {izerinde yeni tehditler olustururken; ayni zamanda koruma anlayisini
zenginlestiren yeni yaklasimlarin ortaya ¢ikmasina da zemin hazirlamistir. Bu baglamda
stirdiirtilebilirlik, katihmcilik ve kiiltiirel ¢esitlilik gibi kavramlar koruma kuraminin temel
bilesenleri haline gelmistir (Graham, Ashworth & Tunbridge, 2000).

1994 tarihli Nara Ozgiinliik Belgesi, 6zgiinliik kavrammin evrensel, sabit ve tek tip bir dlgiit
olarak degerlendirilemeyecegini ortaya koymustur. Belge, 6zgiinliiglin kiiltiirel baglam,
gelenekler, kullanim bigimleri, yerel degerler ve toplumlarin mirasa yiikledigi anlamlar
dogrultusunda degiskenlik gosterebilecegini vurgulamaktadir. Bu yoniiyle Nara Belgesi,
koruma anlayisinda malzeme ve bicim odakli degerlendirmelerin Otesine gegilmesini
saglayarak 6nemli bir paradigma degisimine isaret etmektedir. Benzer bi¢imde Burra Tiiziigii
de “yer” kavramini merkeze almus; kiiltiirel mirasin yalnizca fiziksel 6zellikleriyle degil, sosyal,
sembolik, tarihsel ve kullanim degerleriyle birlikte ele alinmasi gerektigini belirtmistir
(ICOMOS, 1994; Australia ICOMOS, 2013).

21.ylizyilda koruma anlayis1 daha da kapsamli bir yapiya ulagmistir. Bu donemde somut ve
somut olmayan kiiltlirel miras birlikte ele alinmakta; gelenekler, ritiieller ve yasam bigimleri de
koruma kapsamina dahil edilmektedir. Ayrica ¢evresel siirdiiriilebilirlik, iklim degisikligi, afet
risk yonetimi ve direnclilik gibi konular koruma siireclerinin ayrilmaz bir parcasi haline
gelmistir. Bu baglamda koruma, yalnizca ge¢mise yonelik bir faaliyet degil; ayn1 zamanda
gelecege yonelik stratejik bir planlama ve yonetim silireci olarak degerlendirilmektedir
(UNESCO, 2011; ICCROM, 2015).

Giliniimlizde koruma siireclerinde yonetisim anlayist da 6nemli Olgiide degismistir.
Merkeziyetc¢i ve devlet odakli modellerin yerini, cok aktorlii ve katilimer yaklagimlar almistir.
Yerel yonetimler, sivil toplum kuruluslari, akademik cevreler ve yerel halk, koruma
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stireclerinde aktif rol iistlenmekte; bu durum koruma uygulamalarinin daha kapsayict ve
stirdiiriilebilir olmasina katki saglamaktadir. Boylece koruma, yalnizca teknik bir miidahale
alan1 degil, ayn1 zamanda sosyal ve demokratik bir siire¢ olarak degerlendirilmektedir (Graham
et al., 2000).

Sonug olarak koruma kavrami, tarihsel siire¢ i¢erisinde onemli bir doniisiim gecirerek fiziksel
odaklt bir yaklasimdan biitlinciil, katilimc1 ve siirdiirilebilir bir disipline evrilmistir.
Uluslararast tiiziikler ve sozlesmeler, bu doniisiim siirecinde hem kuramsal hem de uygulamaya
yonelik temel referans noktalar1 olusturmustur. Giintimiizde koruma, yalnizca gegmisin izlerini
muhafaza etmekle smirli kalmayan; kiiltiirel siirekliligi saglayan, kimligi koruyan ve
stirdiiriilebilir bir gelecegin insasina katki sunan stratejik bir ara¢ olarak degerlendirilmektedir.

Anahtar Kelimeler: Koruma Kavrami; Mimari Koruma,; Uluslararasi Tiiziikler ve Sozlesmeler,
21. yiizyilda koruma anlaysi.

ABSTRACT

The concept of conservation emerges as a dynamic field that has been continuously reshaped
throughout history under the influence of social, cultural, economic, and scientific
developments. In its early stages, this approach primarily focused on preserving the physical
integrity of monumental buildings. Over time, however, it underwent a significant
transformation and was no longer limited to the scale of individual structures; it evolved into a
multi-layered and holistic framework encompassing the urban environment, cultural landscape,
and social context. This transformation clearly demonstrates that conservation is not merely a
matter of technical interventions, but has become an interdisciplinary field involving
theoretical, ethical, administrative, and socio-cultural dimensions (Erder, 1999; Ahunbay,
1996).

In this study, a qualitative research method was adopted, and a comprehensive literature review
was conducted. The fundamental academic studies shaping conservation theory, as well as
internationally recognized charters and conventions, were evaluated from a chronological
perspective. The main data sources of the research consist of international conservation
documents, UNESCO conventions, ICOMOS charters and declarations, Council of Europe
documents, and academic publications in the field of conservation theory. Within the scope of
document analysis, each text was examined in terms of its context of emergence, fundamental
concepts, contributions to conservation theory, field of application, and position within
contemporary conservation understanding.

The aim of the study is to examine the transformation of the conservation approach, particularly
in the post-1990 period, and to evaluate the new conservation approaches that emerged in the
21st century through UNESCO, ICOMOS, and Council of Europe documents. Rather than
merely presenting international texts in chronological order, the study assesses the historical
and theoretical context in which these documents emerged, the problem areas they addressed,
the new concepts they introduced into conservation theory, and their transformative effects on
contemporary conservation practice.

Throughout the 19th century and much of the 20th century, the conservation approach mainly
focused on the restoration of buildings with high aesthetic and historical value. Interventions
carried out during this period were mostly shaped around reconstruction and physical
improvement, while the concept of “monumental conservation” remained prominent. However,
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over time, the limitations of this approach began to be questioned; issues such as the limits of
restoration, the degree of intervention, and the preservation of authenticity became central to
theoretical debates. In particular, the differing views of Viollet-le-Duc, John Ruskin, and
William Morris played a decisive role in shaping modern conservation theory (Jokilehto, 1999).

The Venice Charter of 1964 constituted an important turning point in the theoretical
development of conservation at the international level. With this charter, the understanding of
conservation moved beyond a limited approach aimed solely at maintaining the physical
integrity of monumental buildings and shifted toward a more holistic framework that also
included examples of civil architecture, historic urban fabrics, and urban environments. In this
process, the historic environment began to be evaluated not merely as a collection of individual
buildings, but as a multi-layered whole in which physical, social, cultural, and historical values
should be read together (ICOMOS, 1964; Oztekin, 1992).

From the 1970s onward, the understanding of conservation expanded into a broader perspective,
and the concept of “integrated conservation” came to the forefront. The Amsterdam Declaration
of 1975 emphasized that conservation could not be limited to the protection of individual
buildings; rather, urban fabric, environmental characteristics, and social patterns of life should
also be considered as part of this process. This approach established a strong connection
between conservation and urban planning disciplines and contributed to the transformation of
conservation processes into a multidisciplinary structure. Thus, conservation ceased to be
merely an activity aimed at preserving values from the past and became a strategic tool
integrated with urban development processes (Council of Europe, 1975).

The 1990s stand out as a period of significant transformation in the understanding of
conservation. During this period, conservation began to be evaluated within a holistic
framework that included social, economic, and administrative dimensions, moving beyond an
approach focused solely on physical interventions. While globalization, rapid urbanization, and
technological developments created new threats to cultural heritage, they also paved the way
for the emergence of new approaches that enriched conservation thinking. In this context,
concepts such as sustainability, participation, and cultural diversity became fundamental
components of conservation theory (Graham, Ashworth, & Tunbridge, 2000).

The Nara Document on Authenticity of 1994 revealed that the concept of authenticity cannot
be evaluated as a universal, fixed, and uniform criterion. The document emphasizes that
authenticity may vary depending on cultural context, traditions, forms of use, local values, and
the meanings that societies attribute to heritage. In this respect, the Nara Document marks an
important paradigm shift by enabling conservation understanding to move beyond evaluations
based solely on material and form. Similarly, the Burra Charter placed the concept of “place”
at the center and stated that cultural heritage should be considered not only through its physical
characteristics, but also together with its social, symbolic, historical, and use values (ICOMOS,
1994; Australia ICOMOS, 2013).

In the 21st century, the understanding of conservation has reached a more comprehensive
structure. During this period, tangible and intangible cultural heritage are considered together;
traditions, rituals, and ways of life have also been included within the scope of conservation. In
addition, environmental sustainability, climate change, disaster risk management, and resilience
have become integral parts of conservation processes. In this context, conservation is no longer
regarded solely as an activity directed toward the past, but also as a strategic planning and
management process oriented toward the future (UNESCO, 2011; ICCROM, 2015).
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Today, the concept of governance in conservation processes has also changed significantly.
Centralized and state-oriented models have been replaced by multi-actor and participatory
approaches. Local governments, non-governmental organizations, academic circles, and local
communities now play active roles in conservation processes, contributing to more inclusive
and sustainable conservation practices. Thus, conservation is no longer evaluated solely as a
field of technical intervention, but also as a social and democratic process (Graham et al., 2000).

In conclusion, the concept of conservation has undergone a significant transformation
throughout history, evolving from a physically oriented approach into a holistic, participatory,
and sustainable discipline. International charters and conventions have served as fundamental
reference points in this transformation process, both theoretically and practically. Today,
conservation is regarded as a strategic tool that is not limited to preserving the traces of the past,
but also ensures cultural continuity, safeguards identity, and contributes to the construction of
a sustainable future.

Keywords: Conservation Concept; Architectural Conservation; International Charters and
Conventions; Conservation Approach in the 21st Century.
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ABSTRACT

Rapid urban growth has become a defining characteristic of many medium- and large-sized
cities in developing countries, creating significant challenges for transportation planning and
infrastructure provision. As urban areas expand toward peripheral zones, new residential
developments frequently emerge at a pace that exceeds the capacity of transportation systems
to adapt. In many cases, land development decisions are implemented before transportation
requirements are adequately assessed, resulting in accessibility problems, inefficient travel
patterns, and increasing dependence on private vehicles. While transportation planning
literature often emphasizes the need to integrate land-use and mobility planning during the early
stages of urban development, practical implementation frequently falls short of these principles.
This issue is particularly evident in rapidly growing cities where population growth, housing
demand, and urban expansion occur simultaneously under strong development pressures.

Diyarbakir, one of the largest metropolitan areas in southeastern Tiirkiye, has experienced
substantial urban expansion over the last decade. Population growth, changing residential
preferences, and the development of new housing projects have accelerated the transformation
of peripheral areas into urbanized districts. In particular, newly developed zoning areas located
on the urban fringe have become important destinations for residential growth. However, the
transportation implications of this expansion have not been evaluated comprehensively. Most
previous studies have focused on how transportation systems should be planned in newly
developing areas, whereas relatively limited attention has been given to assessing the
shortcomings and operational consequences of existing planning practices. Therefore, this
study aims to examine transportation-related deficiencies in newly developed urban areas of
Diyarbakir and to evaluate how current planning approaches influence accessibility,
connectivity, and overall mobility performance.

The study adopts an assessment-oriented perspective rather than proposing a new planning
framework. Its primary objective is to identify transportation infrastructure gaps, evaluate the
degree of integration between emerging development areas and the existing urban transport
network, and discuss the potential long-term implications of these deficiencies. The research
focuses on several newly urbanized districts that have experienced significant residential
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growth in recent years. Particular attention is given to the relationship between land-use
development patterns and transportation service provision, with emphasis on public transport
accessibility, pedestrian connectivity, network continuity, and multimodal integration. A
simplified analytical methodology was employed based on field observations, spatial
assessments, review of existing planning documents, and examination of fundamental
transportation indicators. The evaluation considered road network structure, accessibility to
major urban destinations, public transport availability, pedestrian infrastructure quality, and the
level of connectivity between newly developed areas and the broader urban transportation
system. Rather than relying on complex modeling techniques, the study emphasizes practical
observations and planning-based assessments that can provide direct insights for local decision-
makers and practitioners.

The findings indicate that several newly developed residential areas exhibit significant
transportation-related shortcomings. One of the most prominent issues is the limited integration
of these areas with the existing urban transportation network. In many locations, road
connections remain insufficient, resulting in longer travel distances and increased dependence
on a limited number of arterial corridors. This situation contributes to traffic concentration on
key routes and reduces the overall efficiency of urban mobility. Furthermore, public
transportation services often lag behind residential development, creating accessibility
challenges for residents who do not have access to private vehicles. As a result, private
automobile dependency becomes a dominant mobility pattern, generating additional traffic
demand and increasing pressure on existing infrastructure. The assessment also reveals
deficiencies in pedestrian accessibility and local connectivity. Sidewalk continuity, safe
crossing opportunities, and pedestrian-oriented design elements are frequently absent or
incomplete within newly urbanized areas. These shortcomings reduce opportunities for active
transportation and limit access to nearby services, public transport stops, and community
facilities. The lack of multimodal integration further weakens the overall functionality of the
transportation system and restricts sustainable mobility options for residents. Another important
finding concerns the limited coordination between land-use planning and transportation
planning processes. Evidence suggests that transportation considerations are often addressed
after major development decisions have already been made. Consequently, transportation
infrastructure tends to follow urban growth rather than guide it. This reactive approach creates
structural inefficiencies that become increasingly difficult and costly to address once
development is completed. The study demonstrates that early integration of transportation
planning principles—including network continuity, accessibility-oriented design, multimodal
connectivity, and balanced infrastructure provision—is essential for supporting sustainable
urban growth.

Overall, the research provides a critical evaluation of transportation-related planning gaps
within newly developing urban areas of Diyarbakir. The findings highlight the consequences of
insufficient coordination between urban expansion and transportation provision and illustrate
how these shortcomings influence travel behavior, accessibility, and network performance. By
documenting existing conditions and identifying key deficiencies, the study contributes to a
broader understanding of the relationship between urban growth dynamics and transportation
systems. The results offer practical insights for planners, local governments, and policymakers
seeking to improve the integration of transportation and land-use planning in rapidly growing
cities. Moreover, the lessons derived from Diyarbakir can serve as a useful reference for other
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metropolitan areas experiencing similar patterns of peripheral urban development and
infrastructure challenges.

Keywords: Urban Expansion; Planning Gaps; Accessibility, Connectivity, Land Use—
Transport Interaction
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Bu calisma, mekanin edilgen ve sabit bir kategori olmadigini, tam aksine toplumsal iligkilerle
birlikte diistiniilmesi gereken, toplumsal iliskiler tarafindan iiretilen ve bu iliskileri sekillendiren
dinamik bir olgu oldugu kabuliiyle hareket etmektedir. Mekan yalnizca toplumsal iliskilerin
icerisinde gerceklestigi bir zemin degil; ayn1 zamanda bu iliskilerin yoniinii, yogunlugunu ve
sinirlarini belirleyen etkin bir bilesendir. Bu baglamda ¢alismada mekanin toplumsal tiretiminin
en gorlinlir hale geldigi kentler, siyasal, ekonomik ve kiiltiirel siireglerin kesisiminde yer alan
0zgiil mekansal diizlemler olarak ele alinmaktadir.

Modern diistincenin soyut, dlgiilebilir ve edilgen bir kategori olarak ele aldig1 mekan anlayisinin
tam aksine, bu ¢alisma Henry Lefebvre’nin mekan kuramina dayanmaktadir. Lefebvre’ye gore
mekan hem toplumsal iligkilerin iiriinii hem de bu iligkilerin yeniden tiretimini miimkiin kilan
tiretim aracidir. Bu durum mekani sadece bir sonug olarak degil; ayn1 zamanda bir siire¢ olarak
gormeye olanak tanir. David Harvey ise kentleri bir yandan miisterek yasamin iretildigi alanlar,
diger yandan sermayenin birikim ve dolagim siire¢lerinin {iriinii olarak rant amacli metalar
olarak tanimlar. Boylece kentsel mekanin tiretiminde farkli gli¢ odaklariin karsi karsiya geldigi
gorunur olmaktadir.

Bu kuramsal arka plan dogrultusunda c¢alismanin amaci; Diyarbakir Suri¢i’nde 2015-2016
yillarinda yasanan ¢atisma siireci sonrasinda ortaya ¢ikan yeniden insa pratiklerini mekanin
misterek niteligi lizerinden incelemektir. Surigi, tarihsel baglamda farkli toplumsal gruplarin
bir arada yasadigi, kiiltiirel gesitliligin fazla oldugu ¢ok katmanli bir yerlesim alanidir. Surigi
sur duvarlari ile ¢evrili bir yerlesim yeri olmasi sebebiyle uzun bir donem modern kent planlama
siireclerinin disinda kalmistir. Bununla birlikte burada bulunan mahallelerde yasanan
sosyoekonomik kirilganliklar mekanin miisterek iiretimini zorunlu kilmistir.

Aragtirmanin yontemi, ge¢miste Surici’nde yasamis kisiler ile gerceklestirilen anlati temelli
goriigmelere dayanmaktadir. Elde edilen veriler mekanin miisterek tiretimini anlamak amaciyla
miisterek mekan kuramina dayali olarak ortaya ¢ikarilmis, giindelik pratikler, kolektif 6znelik,
yerel inisiyatifler, dayanisma ve giindelik yeniden {iiretim eksenlerinde analiz edilmistir.
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Bulgular mekéanin iretiminde fiziksel kosullar kadar deneyimin, giindelik iligkilerin ve
tanigiklik aglarinin belirleyici oldugunu ortaya koymaktadir.

Anlatilar baglaminda Surigi’nde “ev”, sadece 6zel bir miilkiyet alani olarak degil, glindelik
yasamin kolektif bir bigimde iiretildigi ¢ekirdek mekan olarak ortaya ¢ikmaktadir. Gilindelik
pratikler (yemek yapma, ¢ocuk bakimi, misafirlik) ¢ogu zaman evin sinirlarini asarak avluya,
dama ve sokaga tasmaktadir. Bu durum ev ile evle baglantili diger mekanlar arasinda gegirgen
bir iligski kurulmasina olanak tanimaktadir.

“Sokak™ ise Suri¢i’nde sosyal iliskilerin en yogun yasandigi mekansal diizlemlerdem biridir.
Suri¢ci’nde sokak sadece gecis alan1 degil; karsilagsmalarin, tanisikliklarin ve gozetimin
kuruldugu sosyal bir ortamdir. Sokakta ortaya c¢ikan deneyim, kimlerin buraya ait kabul
edilecegi ya da kimlerin yabanci oldugu bilgisini ortaya ¢ikarmaktadir. Bu durum sokagin
giivenlik saglamak i¢in bir kontrol mekanizmasi olarak isletildigini gdstermektedir.

Mahalle 6lgeginde ise sosyal iliskiler daha orgiitlii ve belirgin bir hale gelmektedir. Surigi’nde
“mahalle” sokakta kurulan iligkilerin biiyiik 6l¢ekteki bir formu olarak goriinmektedir. Burada
giiclii bir aidiyet duygusu ortaya c¢ikmakta; bu durum zaman zaman dislayict sinirlar
uretmektedir. Mahalleler arasi ayrisma, ve bunun sonucunda olusan “tekinsiz mahalle” algisi
miisterek tiretilmis bu mekanin ¢eliskili yapisini goriiniir kilmaktadir.

Suri¢i’ndeki hamamlar, ¢arsilar, pazarlar ve sokak arasi bosluklar gibi diger sosyallesme
alanlar1 sabit islevlere sahip mekanlar olmaktan ziyade, giindelik yasamin pratiklerine gore
yeniden islevlenen alanlar olarak ortaya ¢ikmaktadir. Bu mekéanlar karsilagsma, paylasim ve
dayanigsma pratikleri baglaminda toplumsal anlamlar kazanmaktadirlar.

Sonug olarak, bu calismada, Diyarbakir Suri¢i’nde mekanin uzun yillar boyunca miisterek
pratikler baglaminda {iretildigi ancak catisma sonrasi yeniden insa siirecinde bu iliskisel
durumun g6z ardr edildigi ortaya konulmaktadir. Uzun yillar boyunca Suri¢i’nde giindelik
yasam dayanisma, paylasim ve kolektif yeniden liretim pratikleri baglaminda sekillenmistir. Bu
yasam pratiginde ev, sokak ve mahalle gibi birimler arasinda keskin sinirlar yoktur. Giindelik
yasamin pratikleri bu sinirlari asarak gecirgen ve iligkisel bir yap1 olugsmasini saglamistir. Fakat
2015-2016 yillarinda yasanan catigsmalarin ardindan ortaya ¢ikan yeniden insa siirecinde alinan
planlama kararlar1, bu miisterek mekan tiretim bigimlerini dikkate almamis; Surigi’nde kentsel
mekan gilivenlik ve turizm odakli iiretilmistir. Yeniden insa siirecinde mekan “yasanan” bir yer
olmaktan cikarilarak “kontrol edilebilir” ve “tiiketilebilir” bir alan haline getirilmistir.

Anahtar Kelimeler: Mekan; Mekdnin iiretimi; Miisterek; Miisterek mekan; Diyarbakir Surigi

ABSTRACT

This study is based on the assumption that space is not a passive and fixed category; rather, it
is a dynamic phenomenon produced through social relations and simultaneously shaping these
relations. In this context, cities are considered as specific spatial planes where the social
production of space becomes most visible, situated at the intersection of political, economic,
and cultural processes. The study adopts a theoretical framework grounded in the works of
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Henry Lefebvre and David Harvey, challenging the modern understanding of space as abstract
and measurable.

The main aim of the research is to examine the post-conflict reconstruction process in
Diyarbakir Surici following the events of 2015-2016, within the framework of the common
production of space. As a historically layered settlement where diverse social groups have
coexisted, Suri¢i has developed strong commoning practices shaped by socio-economic
vulnerabilities.

Methodologically, the study is based on narrative-based interviews conducted with individuals
who previously lived in Surici. The data obtained from these interviews were analyzed through
the lenses of everyday practices, collective subjectivity, local initiatives, and solidarity. The
findings reveal that not only physical conditions but also lived experiences, social relations, and
networks of familiarity play a decisive role in the production of space.

In Surigi, the “home” emerges not merely as a private property but as a central space of
collective life, while the “street” functions as a social environment where encounters,
surveillance, and a sense of belonging are constructed. At the neighborhood scale, strong senses
of belonging coexist with exclusionary boundaries. Other spaces such as baths, bazaars,
marketplaces, and in-between urban voids appear as flexible common spaces shaped by
everyday practices.

In conclusion, the study demonstrates that space in Surici was historically produced through
commoning practices; however, these relational dynamics have been largely ignored in the
post-conflict reconstruction process. As a result, urban space has been transformed from a
“lived” environment into a “controlled” and “consumable” entity driven by security and
tourism-oriented planning.

Keywords: Space, Production of Space, Common, Common Space, Diyarbakir Surigi
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Bu calismada oncelikle James Clerk Maxwell tarafindan 19. yiizyilin ikinci yarisinda
gelistirilen ve klasik elektromanyetik teorinin temelini olusturan Maxwell denklemleri genel
bir cercevede ele alinacaktir. Maxwell denklemleri, elektrik ve manyetik alanlarin hem
uzayda hem de zaman igerisindeki davranisini agiklayan temel denklemler olup elektrik ve
manyetizma olaylarini tek bir teori altinda birlestirmistir. Bu nedenle Maxwell denklemleri
yalnizca elektromanyetik teori acisindan degil, ayni zamanda modern fizigin gelisimi
acisindan da biiyiik bir 6neme sahiptir.

Calismanin birinci boliimiinde Maxwell denklemlerinin matematiksel yapisi, fiziksel
yorumlar1 ve bu denklemlerden elektromanyetik dalga denkleminin elde edilmesi {lizerinde
durulacaktir. Ozellikle boslukta elektrik ve manyetik alanlarin birbirini olusturmasi sonucu
ortaya c¢ikan elektromanyetik dalga ¢oziimleri incelenecektir.

Calismanin ikinci boliimiinde Maxwell denklemlerinin sinir kosullar1 altinda ¢éziimleri ele
alinacaktir. Bu kapsamda miikemmel iletken ylizeylerle ¢evrili kapali hacimler icerisinde
elektromanyetik alanlarin davranisi incelenecektir. Kapali, i¢i bos(kovuk) bir iletken hacim
icerisinde elektromanyetik dalgalar iletken yiizeylerden yansiyarak belirli frekans
degerlerinde duran dalga olustururlar. Bu sistemlerde elektromanyetik alanlar yalnizca belirli
frekanslarda var olabilir ve bu frekanslar rezonans frekanslari olarak adlandirilir. Bu tiir
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sistemler literatiirde kovuk rezonatorleri olarak bilinmektedir. Kovuk rezonatorleri
elektromanyetik enerjinin belirli frekanslarda depolanmasini saglayan sistemler olup
mikrodalga teknolojisi, radar sistemleri, lazerler, parcacik hizlandiricilar1 ve frekans segici
devreler gibi bir¢ok teknolojik alanda kullanilmaktadir.

Bu calismada 0Ozellikle miikemmel iletken bir kiiresel kovuk igerisinde meydana gelen
elektromanyetik titresimler incelenecek ve kiiresel koordinat sisteminde Maxwell
denklemlerinin elektrik alan ve manyetik alan bilesenleri icin saglanip saglanmadigi
arastirilacaktir. Calismanin {ig¢iinci boliimiinde ise kovuk rezonatorlerinin modern fizik
alanindaki 6nemli uygulamalarindan biri olan kiitle ¢cekim dalgalarinin tespitinde kullanilan
interferometre sistemlerinden bahsedilecektir. Albert Einstein tarafindan 1915 yilinda genel
gorelilik teorisi cergevesinde dngoriilen kiitle ¢cekim dalgalari, biiytik kiitleli cisimlerin ivmeli
hareketi sonucu uzay-zaman yapisinda meydana gelen dalgalanmalar olarak
tanimlanmaktadir. Bu dalgalar Diinya’ya ulastiginda uzay-zamanda son derece kii¢iik uzunluk
degisimlerine neden olur. Bu degisimlerin Olgiilebilmesi i¢in olduk¢a hassas oOl¢iim
sistemlerine ihtiya¢ duyulmaktadir.

Kiitle ¢ekim dalgalarinin tespitinde kullanilan interferometre sistemleri lazer 151g1nin girisim
prensibine dayanmaktadir. Bu sistemlerde lazer 1s1n1 ikiye ayrilir, aynalardan yansitilarak geri
gonderilir ve tekrar birlestirilir. Eger interferometre kollarinin uzunluklarinda ¢ok kiigiik bir
degisim meydana gelirse girisim deseni degisir ve bu degisim oOl¢iilerek kiitle ¢ekim
dalgalarmin varlig1 tespit edilebilir. Bu interferometre sistemlerinde ol¢iim hassasiyetini
artirmak amaciyla Fabry—Peirot optik kovuk rezonatdrleri kullanilmaktadir. Bu optik kovuk
rezonatOrleri sayesinde lazer 151n1 interferometre kollar igerisinde bir¢ok kez gidip gelmekte
ve boylece optik yol uzunlugu artirilarak 6l¢tim hassasiyeti 6nemli ol¢iide artirilmaktadir.
Sonug¢ olarak bu g¢alismada Maxwell denklemlerinden baslayarak kovuk rezonatorlerinin
teorik yapisi incelenmekte ve bu sistemlerin modern fizikte dnemli bir uygulama alani olan
kiitle cekim dalgalariin tespitinde kullanilan interferometrelerdeki rolii agiklanmaktadir.

Anahtar Kelimeler: Maxwell Denklemleri, Kovuk Rezonatérleri, Kiitle Cekim Dalgalar

Interferometresi

ABSTRACT

In this study, the Maxwell equations developed by James Clerk Maxwell in the second half of
the nineteenth century, which form the foundation of classical electromagnetic theory, are
examined within a general framework. Maxwell’s equations are the fundamental equations
that describe the behavior of electric and magnetic fields both in space and over time, and
they unified the phenomena of electricity and magnetism under a single theory. For this
reason, Maxwell’s equations are of great importance not only for electromagnetic theory but
also for the development of modern physics.

In the first part of the study, the mathematical structure of Maxwell’s equations, their physical
interpretations, and the derivation of the electromagnetic wave equation from these equations
are discussed. In particular, electromagnetic wave solutions arising from the mutual
generation of electric and magnetic fields in free space are examined.

187



Dicle Universitesi - 4. Uluslararasi Fen Bilimleri Lisansiistii Arastirmalar Sempozyumu,
12-14 Mayis 2026, Diyarbakir

In the second part of the study, solutions of Maxwell’s equations under boundary conditions
are considered. In this context, the behavior of electromagnetic fields within closed volumes
surrounded by perfectly conducting surfaces is investigated. Inside a closed conducting
cavity, electromagnetic waves are reflected from the conducting surfaces and form standing
waves at specific frequencies. In such systems, electromagnetic fields can exist only at certain
frequencies, which are called resonance frequencies. These systems are known in the
literature as cavity resonators. Cavity resonators store electromagnetic energy at specific
frequencies and are used in many technological applications such as microwave technology,
radar systems, lasers, particle accelerators, and frequency-selective circuits.

In this study, electromagnetic oscillations occurring inside a perfectly conducting spherical
shell are examined, and it is investigated whether the electric and magnetic field components
satisfy Maxwell’s equations in spherical coordinates. In the third part of the study,
interferometer systems used for the detection of gravitational waves, which are one of the
important applications of cavity resonators in modern physics, are discussed. Gravitational
waves, predicted by Albert Einstein in 1915 within the framework of general relativity, are
defined as ripples in spacetime caused by the accelerated motion of massive objects. When
these waves reach the Earth, they cause extremely small changes in length in spacetime, and
measuring these changes requires highly sensitive measurement systems.

Interferometer systems used for detecting gravitational waves are based on the principle of
laser interference. In these systems, a laser beam is split into two beams, reflected by mirrors,
and recombined. If there is a very small change in the lengths of the interferometer arms, the
interference pattern changes, and by measuring this change, the presence of gravitational
waves can be detected. Fabry—Peirot optical cavity resonators are used in these interferometer
systems to increase measurement sensitivity. With these optical cavity resonators, the laser
beam travels back and forth many times within the interferometer arms, thereby increasing the
optical path length and significantly improving measurement sensitivity.

In conclusion, this study examines the theoretical structure of cavity resonators starting from
Maxwell’s equations and explains their role in interferometers used for the detection of

gravitational waves, which is an important application area in modern physics.

Keywords: Maxwell’s Equations, Cavity Resonators, Gravitational Wave Interferometer
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(0)/

Izolatérler, elektrik iletim ve dagitim sistemlerinde iletken hatlar1 direklere baglayarak elektrik
akiminin direk veya toprak gibi istenmeyen yerlere gitmesini nleyen kritik bilesenlerdir. Cam,
seramik veya polimer malzemelerden iiretilen bu elemanlar; yliksek gerilim hatlarinda mekanik
tastyic1 gorev iistlenmekte ve ayni zamanda giiclii elektriksel yalitim saglamaktadir. Gii¢
iletiminin kesintisiz surdirdlebilmesi, izolatorlerin saglikli ¢aligmasina dogrudan baglidir.

Izolatoérlerde meydana gelebilecek arizalar; kirilma, catlak, kirlilik birikimi, tuzlanma ve
yaslanmaya bagli malzeme bozulmas: gibi c¢esitli fiziksel ve kimyasal etkenlerden
kaynaklanmaktadir. Bu tiir arizalarin erken tespit edilememesi; elektrik arki, kisa devre ve hat
kopmast gibi ciddi olaylar1 beraberinde getirerek biiyiik capli enerji kesintilerine, malzeme
hasarina ve hatta insan hayatin1 tehdit eden kazalara yol agabilmektedir. Dolayisiyla
izolatrlerin diizenli ve glivenilir bigimde denetlenmesi, gii¢ sebekelerinin biitiinliigi agisindan
kritik Gneme sahiptir.

Izolatorlerin geleneksel denetim ydntemleri, yiiksek gerilim hatlarmin ulasmas: gii¢ bolgelerine
insanli erisim gerektirmekte; bu durum hem yiiksek maliyet hem de is giivenligi riski
olusturmaktadir. Son yillarda insansiz hava araglar1 (IHA) ile gerceklestirilen goriintii tabanli
denetimler, bu siireci daha giivenli ve verimli kilmaya baslamis; ancak toplanan goriinti
verisinin elle incelenmesi hala biiyiik is glicu gerektirmektedir. Bu noktada bilgisayarla gérme
ve derin Ogrenme teknolojileri devreye girerek izolatorlerin otomatik arizali/normal
siniflandirilmasi miimkiin kilinmaktadir.

Derin 6grenme, insan beyninden ilham alinan yapay sinir aglari araciligiyla biiyUk veri
kiimelerinden otomatik olarak 6zellik 6grenebilen bir makine 6grenmesi yaklagimidir. GOrlntl
tanima alaninda evrisimsel sinir aglari, ham piksel verilerinden soyut temsiller ¢ikartarak
smiflandirma gérevlerinde insan diizeyine yaklasan basar1 oranlarma ulasmaktadir. Ozellikle
transfer 6grenimi yaklasimi ise daha 6nce blyuik veri setleri (Orn. ImageNet) iizerinde egitilmis
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bir modelin 6grendigi bilgilerin, farkli ama iliskili yeni bir gbreve aktarilmasi temeline
dayanmaktadir. Boylece siirli sayida etiketli goriintiiyle bile yiiksek dogruluk oranlarina
ulagsmak miimkiin olmaktadir.

Yapmis oldugumuz deneysel ¢alismada, 6nceden egitilmis transfer 6grenimi tabanli ResNet50
modeli kullanilarak izolatér goriintiilerinin arizali ve normal durumlarmin otomatik
siiflandirilmasi ele alinmigtir. ResNet50, 2015 yilinda gelistirilen ve 50 katmandan olusan
derin bir evrisimsel sinir ag1 mimarisidir. Temel yeniligi, derin aglarda gradyanin yok olmasi
sorununu ortadan kaldiran atlama baglantilaridir (skip connections). Bu yap1 sayesinde bilgi
katmanlar arasinda daha saglikli aktarilmakta ve model az veriyle bile etkili 6grenme
gergeklestirebilmektedir. Bu ¢alisma kapsaminda Kaggle platformunda kamuya agik bigimde
Guilherme Veiga tarafindan paylasilan Elektrik Izolatdrleri gorsel veriseti kullanilmistir. Bu
veriseti, izolatorlerin arizali ve normal durumlarini belirten 2 adet siniftan olusmaktadir. Bu iki
adet siniftan toplamda 239 izolator goriintiisii kullanilmistir. Veri kimemizdeki goruntiler %80
egitim, %20 test oraninda ayrilmig ve 224 x 224 x 3 piksel boyutuna getirilmistir. Boylece 192
goriintli egitim, 47 gorintl test asamasinda kullanilmistir.

ResNet50 modelinin egitiminde kullanmis oldugumuz hiperparametreler derin 6grenme
modellerinin performansi {izerinde belirleyici bir rol oynamaktadir. Optimizasyon algoritmasi
olarak Adam tercih edilmistir. Adam, birinci ve ikinci moment tahminlerini adaptif bicimde
giincelleyerek seyrek gradyanlar igin bile hizl1 ve kararli bir yakinsama saglar. Ogrenme hizi
(learning rate) 0.0001 olarak belirlenmis olup bu deger, modelin agirliklarini kii¢iik adimlarla
glincelleyerek yerel minimum tuzaklarindan kaginmasina ve daha kararli bir yakinsamaya
ulagsmasina imkan tanimaktadir. Batch size 64 olarak ayarlanmistir. Bu deger, her giincelleme
adiminda yeterli gradyan giivenilirligi saglarken bellek kullanimini da dengeli tutmustur. Model
toplam 100 epoch boyunca egitilmistir. Her epoch sonunda dogrulama kiimesi {izerinde
performans izlenerek en iyi model checkpoint mekanizmasi ile kaydedilmistir. Egitim boyunca
dogruluk ve kayip egrilerinin diizenli yakinsamasi, segilen hiperparametre kombinasyonunun
veriseti i¢in uygun oldugunu dogrulamaktadir.

ResNet50 modelimiz ile test verisetimiz Gzerinde %95.74 genel dogruluk (Accuracy), %95.73
kesinlik (Precision), %95.73 duyarlilik (Recall) ve %95.73 F1-Skor oranlarin1 elde ettik.
ResNet50 modeli ile yapmis oldugumuz galismay literatiirden DenseNet121, VGG16, VGG19,
Xception, InceptionVV3, MobileNet, DenseNet201, EfficientNetB0, EfficientNetB1 modelleri
ile karsilastirdik. ResNet50 modelimize en yakin sonuglart VGG19 (%93.62 dogruluk, %94.64
kesinlik, %93.18 duyarlilik, %93.51 F1-Skor) ve DenseNet201 (%93.62 dogruluk, %93.77
kesinlik, %93.45 duyarlilik, %93.57 F1-Skor) modellerinde elde ettik. Kullanmis oldugumuz
ResNet50 modelimiz ile dogrulukta %2.12, kesinlikte %1.09, duyarlilikta %2.28, F1-Skor’da
ise %2.16 oranlarinda artis sagladik.

Egitim siirecinde dogruluk ve kayip egrilerinin tutarli yakinsamasi, modelin asir1 6grenme
olmaksizin etkili bicimde 6grendigini dogrulamaktadir. Bu bulgular, transfer 6grenimi tabanlt
derin 6grenme modellerinin izolator goriintiilerinde ariza ve normal siniflandirma tespiti igin
giivenilir bir ara¢ sundugunu ve endiistriyel elektrik altyapilarinin denetiminde otomasyon icin
guclu bir potansiyel tasidigin1 gostermektedir.

Anahtar Kelimeler: Izolatér; Derin Ogrenme; ResNet50; Siniflandirma
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ABSTRACT

Insulators are critical components in electrical transmission and distribution systems that
connect conductive lines to poles, preventing electrical current from flowing to undesired
locations such as poles or the ground. These elements, made of glass, ceramic, or polymer
materials, serve as mechanical supports in high-voltage lines while also providing strong
electrical insulation. The uninterrupted continuation of power transmission is directly
dependent on the proper functioning of insulators.

Failures that may occur in insulators arise from various physical and chemical factors such as
breakage, cracks, contamination buildup, salt accumulation, and material degradation due to
aging. Failure to detect such faults at an early stage can lead to serious incidents such as
electrical arcing, short circuits, and line breakage, resulting in large-scale power outages,
material damage, and even life-threatening accidents. Therefore, regular and reliable inspection
of insulators is of critical importance for maintaining the integrity of power grids.

Traditional inspection methods for insulators require human access to hard-to-reach areas of
high-voltage transmission lines, which leads to both high costs and occupational safety risks.
In recent years, image-based inspections carried out using unmanned aerial vehicles (UAVS)
have made this process safer and more efficient; however, manual analysis of the collected
image data still requires significant labor. At this point, computer vision and deep learning
technologies come into play, enabling the automatic classification of insulators as faulty or
normal.

Deep learning is a machine learning approach that can automatically learn features from large
datasets through artificial neural networks inspired by the human brain. In the field of image
recognition, convolutional neural networks achieve near-human performance in classification
tasks by extracting abstract representations from raw pixel data. In particular, the transfer
learning approach is based on transferring the knowledge learned by a model previously trained
on large datasets (e.g., ImageNet) to a different but related new task. Thus, it becomes possible
to achieve high accuracy even with a limited number of labeled images.

In our experimental study, automatic classification of faulty and normal conditions of insulator
images was performed using the pre-trained transfer learning-based ResNet50 model. ResNet50
is a deep convolutional neural network architecture developed in 2015, consisting of 50 layers.
Its main innovation is the use of skip connections, which eliminate the vanishing gradient
problem in deep networks. Thanks to this structure, information is transferred more effectively
between layers, allowing the model to learn efficiently even with limited data.

Within the scope of this study, a publicly available Electrical Insulators image dataset shared
by Guilherme Veiga on the Kaggle platform was used. This dataset consists of two classes
indicating faulty and normal conditions of insulators. A total of 239 insulator images from these
two classes were used. The images in our dataset were split into 80% training and 20% testing
sets and resized to 224 x 224 x 3 pixels. Accordingly, 192 images were used for training and
47 images for testing.
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The hyperparameters used in training the ResNet50 model play a decisive role in the
performance of deep learning models. The Adam optimization algorithm was preferred. Adam
provides fast and stable convergence even for sparse gradients by adaptively updating first and
second moment estimates. The learning rate was set to 0.0001, allowing the model to update its
weights in small steps, avoid local minima traps, and achieve more stable convergence. The
batch size was set to 64, balancing gradient reliability and memory usage. The model was
trained for a total of 100 epochs. At the end of each epoch, performance on the validation set
was monitored, and the best model was saved using a checkpoint mechanism. The consistent
convergence of accuracy and loss curves during training confirms that the selected
hyperparameter combination is suitable for the dataset.

With our ResNet50 model, we achieved 95.74% overall accuracy, 95.73% precision, 95.73%
recall, and a 95.73% F1-score on the test dataset. We compared our ResNet50-based study with
models from the literature, including DenseNet121, VGG16, VGG19, Xception, InceptionV3,
MobileNet, DenseNet201, EfficientNetBO, and EfficientNetB1. The closest results to our
ResNet50 model were obtained with VGG19 (93.62% accuracy, 94.64% precision, 93.18%
recall, 93.51% F1-score) and DenseNet201 (93.62% accuracy, 93.77% precision, 93.45%
recall, 93.57% F1-score). Using our ResNet50 model, we achieved improvements of 2.12% in
accuracy, 1.09% in precision, 2.28% in recall, and 2.16% in F1-score.

The consistent convergence of accuracy and loss curves during the training process confirms
that the model learns effectively without overfitting. These findings demonstrate that transfer
learning-based deep learning models provide a reliable tool for fault and normal classification
in insulator images and have strong potential for automation in the inspection of industrial
electrical infrastructures.

Keywords: Insulator; Deep Learning; ResNet50; Classification

192



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

Sigir Nakliyesinde Fire ve Verimlilik: Karkas

Verimi Acisindan Bir Inceleme

Transportation Losses and Efficiency in Cattle: An Evaluation in Terms
of Carcass Yield

Ceylan Yildiz Ali Murat Tatar
Dicle Universitesi Fen Bilimleri Enstituisi Dicle Universitesi Ziraat Fakiltesi
Zootekni Anabilim Dali Zootekni Bolimu
Diyarbakir, Tirkiye Diyarbakir, Tiirkiye
jilyanceylan@gmail.com tatar@dicle.edu.tr
0Z

Sigir yetistiriciliginde karkas verimi, iiretim sisteminin ekonomik stirdiiriilebilirligini belirleyen
temel parametrelerden biri olup, bu verimin yalnizca genetik ve besleme faktorlerine degil, ayni
zamanda iiretim zincirinin son asamasini olusturan nakliye siirecine de onemli 6l¢iide baglh
oldugu bilinmektedir. Bu calisma, sigir nakliyesi sirasinda meydana gelen canli agirlik
kayiplarinin karkas verimi tlizerindeki etkilerini ortaya koymak, bu kayiplarin fizyolojik ve
cevresel nedenlerini degerlendirmek ve mevcut literatiir 15181nda ¢oziim onerileri gelistirmek
amaciyla gergeklestirilmistir. Giiniimiizde artan hayvansal protein talebi, niifus artis1 ve
genisleyen pazarlama aglar1 nedeniyle hayvanlarin uzun mesafelerde tasinmasi kaginilmaz hale
gelmis, bu durum ise nakliye firesini daha kritik ve ihmal edilemez bir Uretim parametresi haline
getirmistir. Ozellikle entegre iiretim sistemlerinde nakliye siirecinin etkin ydnetimi, toplam
tretim verimliligi agisindan stratejik bir Oneme sahiptir ve lretim zincirinin biitiinciil
performansini dogrudan etkilemektedir.

Nakliye firesi, hayvanlarin taginmasi sirasinda ortaya ¢ikan canli agirlik kaybi olarak
tanimlanmakta olup; su kaybi, sindirim sistemi iceriginin azalmasi, stres kaynakli metabolik
degisimler ve enerji rezervlerinin kullanim1 gibi faktorlerin birlesik etkisiyle sekillenmektedir.
Calismalarda si8irlarda nakliye firesinin genellikle %3 ile %10 arasinda degistigi, ancak nakil
stiresi, ¢cevre sicakligi, tasima yogunlugu, yol kosullar1 ve hayvan refah1 uygulamalarina bagl
olarak bu oranin daha da artabilecegi bildirilmektedir. Bu kayiplarin 6zellikle uzun siireli
tagimalar ve uygun olmayan ¢evresel kosullar altinda daha belirgin hale geldigi, hayvanlarin
fizyolojik dayanikliligr ile dogrudan iligkili oldugu vurgulanmaktadir. Benzer sekilde kiiciik
ruminantlarda yapilan ¢aligmalarda 5-24 saatlik tagimalar sonucunda %3.4 ile %6.5 arasinda
canli agirlik kayiplar tespit edilmis olup, siire uzadikca kaybin arttig1 agikca ortaya konmustur.
Bu bulgular, sigirlarda da benzer fizyolojik mekanizmalarin gegerli oldugunu ve nakliye
stirecinin dikkatle planlanmasi1 gerektigini gostermektedir.

Calismada yontem olarak, giincel bilimsel yayinlar, meta-analizler ve saha verileri kapsamli
sekilde incelenmis; nakliye siiresi, sicaklik, nem, yem ve su kisitlamasi, tasima yogunlugu,
hayvan yas1 ve genotipi gibi degiskenlerin karkas verimi iizerindeki etkileri biitlinciil bir
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yaklagimla degerlendirilmistir. Karkas verimi genellikle “Karkas Randimani (%) = (Sicak
Karkas Agirhigi / Kesim Oncesi Canli Agirlik) x 100” formiilt ile ifade edilmekte olup, nakliye
sirasinda meydana gelen canli agirlik kayb1 bu oran1 dogrudan etkilemektedir. Nakliye firesi
sonucu kesim Oncesi canli agirlik azalirken, bu kaybin biiyiik boliimii sindirim sistemi igerigi
ve su kaybindan kaynaklandigi i¢in karkas agirligindaki azalma daha siirli olmakta, bu durum
bazi kosullarda karkas randimaninin goreceli olarak artmasina yol agabilmektedir. Ancak bu
art1s cogunlukla yaniltici olup, toplam karkas agirliginda diistis, et kalitesinde bozulma ve pazar
degerinde azalma ile birlikte ekonomik kayiplara neden olmaktadir. Bu nedenle karkas
randimaninin tek basina degerlendirilmesi yerine mutlak karkas agirlig1 ve kalite kriterleri ile
birlikte ele alinmas1 gerekmektedir.

Elde edilen bulgular, nakliye siresinin en kritik faktorlerden biri oldugunu agikc¢a
gostermektedir. Uzun siireli nakliyelerde hayvanlarin yem ve suya erigiminin kisitlanmasi,
dehidrasyon ve glikojen rezervlerinin tilkkenmesine yol agmakta, bu durum kas pH’1nin diismesi
ve et kalitesinde bozulma ile sonuglanmaktadir. Ayrica yiiksek sicaklik ve nem kosullari,
hayvanlarda 1s1 stresini artirarak metabolik yiikii yiikseltmekte ve canli agirlik kaybini
hizlandirmaktadir. Nakliye aracinin tasarimi, havalandirma durumu, yol titresimi, siiriis kalitesi
ve hayvan basina diisen alan da fire oranini etkileyen 6nemli faktorler arasinda yer almaktadir.
Bununla birlikte, Tiirkiye’de yapilan genis kapsamli calismalar sigir karkas randimaninin
ortalama %55-60 araliginda oldugunu ve bu degerin iiretim kosullarina bagh olarak 6nemli
degiskenlik gosterdigini ortaya koymaktadir. Nakliye firesi gibi iiretim dis1 kayiplar, bu
oranlarin igletme diizeyinde daha da diismesine neden olmakta ve isletmeler arast verim
farkliliklarint artirmaktadir.

Ekonomik agidan degerlendirildiginde, nakliye firesinin yalnizca agirlik kaybi ile sinirh
olmadig1, ayn1 zamanda et kalitesi, karkas siniflandirmasi, raf 6émrii ve pazar degeri iizerinde
de onemli etkiler olusturdugu goriilmektedir. Arastirmalarda hayvan basina ortalama 30-35 kg
canlt agirlik kaybinin s6z konusu olabilecegi ve bunun ciddi ekonomik kayiplara yol actigi
bildirilmektedir. Bu kayiplar, 6zellikle biiyiik 6l¢ekli isletmelerde toplam iiretim maliyetlerini
artirmakta ve rekabet giiciinii olumsuz yonde etkilemektedir. Ayn1 zamanda hayvan refahinin
bozulmasi, tiiketici algis1 ve siirdiirtilebilir tiretim kriterleri agisindan da 6nemli bir sorun olarak
karsimiza ¢ikmaktadir.

Sonug olarak, nakliye firesi sigir liretiminde géz ardi edilemeyecek diizeyde énemli bir verim
kayb1 unsuru olup, karkas verimi ve et kalitesi {lizerinde dogrudan ve dolayli etkiler
yaratmaktadir. Bu kayiplarin minimize edilmesi i¢in nakliye siiresinin miimkiin oldugunca kisa
tutulmasi, hayvanlarin tasimadan 6nce uygun sekilde beslenmesi ve sulanmasi, uzun siireli
tagimalar i¢in ara dinlendirme, besleme ve su temini uygulamalarinin yapilmasi gerekmektedir.
Ayrica tagima araclarinin hayvan refahina uygun sekilde tasarlanmasi, siirii yonetiminin iyi
planlanmas1 ve c¢evresel kosullarin etkin sekilde kontrol altina alinmasi biiyliik Onem
tasimaktadir. Bunun yani sira, sensor tabanli izleme sistemleri, GPS destekli lojistik planlama
ve veri temelli karar destek mekanizmalarmin kullanilmasi, nakliye siirecinin optimize
edilmesine katki saglayacaktir. Bu kapsamda, {iretim zincirinin bu kritik agamasina yonelik
bilimsel temelli ve teknoloji destekli uygulamalarin yayginlastirilmasi, hem ekonomik
kayiplarin azaltilmasi hem de siirdiiriilebilir hayvansal {iretimin saglanmasi agisindan biiyiik
Onem tasimaktadir.

Anahtar Kelimeler: Nakliye; Nakliye firesi; Karkas verimi; Tasima stresi; Hayvan refahi
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ABSTRACT

In cattle farming, carcass yield is a key parameter determining the economic sustainability of
production systems, and it is widely accepted that this yield depends not only on genetic and
nutritional factors but also significantly on the transport process, which represents the final
stage of the production chain. This study aimed to evaluate the effects of live weight losses
occurring during cattle transport on carcass Yyield, to assess their physiological and
environmental causes, and to propose solution strategies based on current literature. Increasing
demand for animal protein, population growth, and expanding market networks have made
long-distance transport inevitable, thereby making transport losses a critical production
parameter. In integrated production systems, effective transport management plays a strategic
role in overall efficiency and directly affects the performance of the production chain.

Transport loss is defined as the live weight loss occurring during animal transport and results
from a combination of factors such as dehydration, reduction in gastrointestinal content, stress-
induced metabolic changes, and the use of energy reserves. Studies indicate that transport loss
in cattle generally ranges between 3% and 10%, although this rate may increase depending on
transport duration, ambient temperature, stocking density, road conditions, and animal welfare
practices. These losses are more pronounced during prolonged transport and under unfavorable
environmental conditions, and they are closely associated with the animals’ physiological
resilience. Similar studies in small ruminants have reported live weight losses of 3.4%-6.5%
following transport durations of 5-24 hours, clearly demonstrating that losses increase as
transport duration extends. These findings suggest that similar physiological mechanisms apply
to cattle and emphasize the need for careful planning and management of transport conditions.

In this study, current scientific publications, meta-analyses, and field data were reviewed, and
the effects of variables such as transport duration, temperature, feed and water restriction,
stocking density, and animal characteristics on carcass yield were evaluated. Carcass yield is
generally expressed as “Carcass Yield (%) = (Hot Carcass Weight / Pre-slaughter Live Weight)
x 1007, and transport-related weight loss directly affects this ratio. While pre-slaughter live
weight decreases due to transport losses, the reduction in carcass weight is relatively limited
because most of the loss originates from water and digestive system content. Under certain
conditions, this may lead to a relative increase in carcass yield. However, this increase is often
misleading, as it is accompanied by a decrease in total carcass weight, deterioration in meat
quality, and a reduction in market value, ultimately resulting in economic losses. Therefore,
carcass Yyield should be evaluated together with absolute carcass weight and quality parameters
rather than in isolation.

The findings indicate that transport duration is one of the most critical factors affecting transport
loss. Prolonged transport restricts access to feed and water, leading to dehydration and depletion
of glycogen reserves, which in turn reduces muscle pH and negatively affects meat quality,
potentially resulting in DFD or PSE conditions. High temperature and humidity further increase
heat stress, elevate metabolic load, and accelerate weight loss. In addition, factors such as
vehicle design, ventilation, driving conditions, and space allowance per animal significantly
influence the level of transport loss. Studies conducted in Turkey report that the average carcass
yield in cattle ranges between 55% and 60%, although this value varies depending on
production conditions. Transport-related losses can further reduce these values at the farm level
and contribute to increased variability among farms.
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From an economic perspective, transport loss affects not only live weight but also meat quality,
carcass classification, shelf life, and market value. Research indicates that live weight losses of
approximately 30-35 kg per animal may occur, leading to substantial economic losses. These
losses are particularly significant in large-scale operations, where they increase total production
costs and reduce competitiveness. Moreover, the negative impact on animal welfare raises
concerns regarding consumer perception and sustainability standards, highlighting the need for
improved management practices throughout the transport process.

In conclusion, transport loss is a significant factor affecting productivity in cattle production
systems, with direct and indirect effects on carcass yield and meat quality. To minimize these
losses, transport duration should be reduced, animals should be fed and watered before
transport, and rest, feeding, and watering should be provided during long-distance journeys. In
addition, transport vehicles should meet animal welfare standards, herd management should be
planned, and environmental conditions should be controlled. The use of sensor-based
monitoring, GPS-supported logistics, and data-driven tools can enhance transport efficiency.
The adoption of science-based practices at this stage is essential for reducing economic losses
and ensuring sustainable livestock production.

Keywords: Transformation, Transformation shrink, Carcass yield, Transport stress, Animal
welfare
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Bu calismada, kuantum mekaniginin iki temel olgusu olan kismi yansima ve kuantum
tiinelleme, kavramsal ve matematiksel diizeyde ayrintili olarak incelenmistir. Klasik fizik, bir
pargacigin bir engel ile karsilastiginda ya tamamen gececegini ya da tamamen yansiyacagini
kesin bir sekilde ongoriir. Ancak atom alt1 pargaciklar olarak adlandirilan elektron, proton gibi
pargaciklar bu deterministik kurala kesinlikle uymazlar. Bu parcaciklar, klasik fizige gore
yeterli enerjiye sahip olduklart halde bir engelle karsilastiklarinda kismen geri donebilirler. Bu
durum kismi yansima olarak adlandirilmaktadir. Diger taraftan, bu parcaciklar klasik fizige
gore bir engeli agsmak i¢in yeterli enerjiye sahip olmadiklar1 halde, bazen engeli gegebilirler. Bu
durum ise kuantum tiinelleme olarak bilinmektedir. Bu arastirmanin temel amaci, s6z konusu
iki olgunun nasil miimkiin oldugunu, hangi matematiksel yasalarla aciklandigini ve bu olgularin
Schrédinger denkleminin dogal ve kacginilmaz sonuclart oldugunu gostermektir. Ayrica bu
olgularin modern teknoloji, tibbi goriintiileme ve evrenin isleyisindeki somut uygulamalarini
detayli bir sekilde sergilemek de hedeflenmistir.

Aragtirma, nitel derleme ve teorik analiz modeline dayanmaktadir. Bu calisma deneysel bir
arastirma olmayip, mevcut teorik bilgiyi sistematik bir bigimde agiklamay1 hedeflemektedir.
Veri toplama yontemi olarak kapsamli bir literatiir taramasi gerceklestirilmistir. Kaynaklar,
kuantum mekaniginin temel metinlerinden ve tiinelleme iizerine Ozel kaynaklardan
olusmaktadir. Ayrica bu alanda Nobel 6diilii kazanmis 6zglin makaleler de kullanilmstir.
Calismada, zamandan bagimsiz Schrodinger denkleminin tek boyutlu potansiyel basamak ve
tek boyutlu potansiyel bariyer i¢in ¢éziimleri adim adim tiiretilmistir. Bu tiiretmeler sonucunda
yansima ve iletim katsayilar1 elde edilmistir. Veri ¢éziimleme yaklasimi olarak kavramsal
analiz ve teorik tiiretme kullanilmistir. Siire¢ bes adimdan olugmaktadir: kavramsallastirma,
matematiksel tiiretme, yorumlama, somutlagtirma ve uygulama gosterme.

Bulgular, kuantum mekanigi ile klasik fizik arasinda temel bir ayrismay1 ortaya koymaktadir.
Birinci durumda, parcacigin enerjisi engelin yiiksekligini asmaya yeterli oldugu durum
incelenmistir. Bu durumda yansima katsayisi, (k bir eksi k iki bolii k bir art1 k 1ki) kare olarak
bulunmustur. Bu ifade, engelin yiiksekligi sifirdan farkli oldugu siirece her zaman sifirdan
bliyiik bir deger vermektedir. Sayisal bir 6rnek vermek gerekirse, k bir esittir iki ve k iki esittir
bir alindiginda yansima olasilig1 yaklasik yiizde on bir, iletim olasilig1 ise yaklasik ylizde seksen
dokuz olarak hesaplanmaktadir. Bu sonug, parcacigin enerjisi engeli asmaya yeterli olsa bile,
her zaman kismi bir yansima oldugunu gostermektedir. Klasik fizik ise bu durumda yansima
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olmayacagini, yani yansima katsayisiin sifir olacagmi ongormektedir. ikinci durumda ise,
pargacigin enerjisi engelin yiliksekligini asmaya yeterli olmadigi durum incelenmistir. Bu
durumda iletim katsayisi, yaklasik olarak e iizeri eksi iki kappa L olarak hesaplanmistir. Bu
ifade, engelin genisligi ve bozunma sabiti ne olursa olsun her zaman sifirdan biiyiik bir deger
vermektedir. Bozunma sabiti kappa, pargacigin kiitlesi ile dogru orantilidir. Bu nedenle
elektronlar kolayca tiinellerken, protonlar ¢ok daha zor tiineller. Makroskobik nesneler igin
tiinelleme olasilig1 astronomik olarak kiigiiktiir ve gozlemlenemez. Her iki olgu da herhangi bir
ek varsayim olmaksizin dogrudan Schrédinger denkleminin ¢éziimlerinden tiiretilmistir. Ayrica
bu c¢aligmada kuantum rezonans ve rezonant tiinelleme olgulari1 da tartigilmistir. Rezonant
tiinelleme, ¢ift bariyerli bir sistemde pargacigin enerjisi iki bariyer arasindaki kuyunun enerji
seviyesine esitlendiginde tlinelleme olasiliginin aniden artmasidir. Bu olgu, kuantum
bilgisayarlar ve kuantum kademeli lazerler gibi ileri teknolojilerin temelini olusturmaktadir.
Calismada ayrica kuantum tiinelleme tabanli tibbi goriintiileme teknolojileri de ele alinmistir.
Kendi 15181n1 iireten biyosensorler, QuantuMRI, kuantum sensorlii mikroskopi, hayalet
goriintiileme ve kuantum biyolojik elektron tiinelleme goriintiileme gibi teknolojiler, kuantum
mekaniginin tip alanindaki somut uygulamalari olarak sunulmustur.

Sonug olarak, kuantum mekanigi kesinlik yerine olasilik temelinde ¢alisan bir teoridir. Kismi
yansima ve kuantum tiinelleme olgulari, klasik fizigin deterministik ongdriilerinin atom alti
Olcekte kesinlikle gecersiz oldugunu kanitlamaktadir. Bu olgular, taramali tiinel mikroskobu,
flash bellekler, tiinel diyotlar ve Giines'teki niikleer flizyon gibi devrim niteligindeki
teknolojilerin ve dogal siireclerin temelini olusturmaktadir. Heisenberg belirsizlik ilkesi,
tiinelleme olgusunun anlagilmasinda kilit rol oynamaktadir. Kisa bir zaman araliginda enerjinin
belirsizlesmesi, pargacigin enerji korunumunu gegici olarak esnetmesine izin vermektedir.
Makroskobik nesnelerde bu olgular gézlemlenemeyecek kadar diisiik olasilikta oldugundan,
klasik fizik makro o6lcekte gegerliligini korumaktadir. Bu ¢alisma, lisans diizeyinde modern
fizik ve kuantum mekanigine giris dersleri i¢in yardimci kaynak niteligi tagimaktadir.
Calismanin sonunda, ileri arastirmalar, egitim ve 6gretim ile teknoloji ve uygulama alanlar1 i¢in
c¢esitli Oneriler sunulmustur.

Anahtar Kelimeler: Kismi Yansima, Kuantum Tiinelleme, Schrodinger Denklemi, Olasilik
Yorumu, Heisenberg Belirsizlik Ilkesi

ABSTRACT

This study examines two fundamental phenomena of quantum mechanics, partial reflection and
quantum tunneling, at both conceptual and mathematical levels. Classical physics predicts with
certainty that a particle encountering a barrier will either be completely transmitted or
completely reflected. However, subatomic particles such as electrons and protons do not obey
this deterministic rule. These particles may be partially reflected even when they have sufficient
energy according to classical physics, which is called partial reflection. On the other hand, they
may tunnel through a barrier even when they lack sufficient energy according to classical
physics, which is called quantum tunneling. The aim of this research is to demonstrate how
these phenomena are possible, explain them through mathematical laws, and show that they
naturally and inevitably arise from the Schrodinger equation. Additionally, concrete
applications of these phenomena in modern technology, medical imaging, and the functioning
of the universe are presented in detail.

198



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

The research is based on a qualitative review and theoretical analysis model. This study is not
experimental but aims to systematically explain existing theoretical knowledge. Data were
obtained through a comprehensive literature review. Sources include fundamental quantum
mechanics texts, specialized sources on tunneling, and original Nobel Prize-winning articles.
Time-independent Schrédinger equation solutions for one-dimensional potential steps and one-
dimensional potential barriers were derived step by step, and reflection and transmission
coefficients were calculated. The data analysis approach consists of five steps:
conceptualization, mathematical derivation, interpretation, concretization, and application
demonstration.

The findings reveal a fundamental departure from classical physics. In the first case, where the
particle's energy exceeds the barrier height, the reflection coefficient is found to be (k one minus
k two divided by k one plus k two) squared. This expression is always greater than zero as long
as the barrier height is nonzero. For example, when k one equals two and k two equals one, the
reflection probability is approximately eleven percent and the transmission probability is
approximately eighty-nine percent. This shows that even when the particle has sufficient energy
to overcome the barrier, partial reflection always occurs. Classical physics predicts no reflection
in this case. In the second case, where the particle's energy is less than the barrier height, the
transmission coefficient is approximately e to the power of minus two kappa L. This expression
is always greater than zero regardless of barrier width and decay constant. The decay constant
kappa is proportional to the particle's mass, so electrons tunnel easily while protons tunnel with
much difficulty. For macroscopic objects, the tunneling probability is astronomically small and
unobservable. Both phenomena are derived directly from the Schrédinger equation without any
additional assumptions. This study also discusses quantum resonance and resonant tunneling,
where the tunneling probability suddenly increases when the particle's energy matches the
energy level of a quantum well between two barriers. This phenomenon underlies advanced
technologies such as quantum computers and quantum cascade lasers. Quantum tunneling-
based medical imaging technologies are also presented, including self-luminous biosensors,
QuantuMRI, quantum sensor microscopy, ghost imaging, and quantum biological electron
tunneling imaging.

In conclusion, quantum mechanics is a theory based on probability rather than certainty. Partial
reflection and quantum tunneling prove that classical deterministic predictions are definitely
invalid at the subatomic scale. These phenomena underlie revolutionary technologies such as
scanning tunneling microscopes, flash memories, tunnel diodes, and natural processes such as
nuclear fusion in the Sun. The Heisenberg uncertainty principle plays a key role in
understanding tunneling, as energy uncertainty over a short time interval allows the particle to
temporarily violate energy conservation. Since these phenomena have negligibly low
probabilities for macroscopic objects, classical physics remains valid on the macroscopic scale.
This study serves as a supplementary resource for undergraduate modern physics and
introductory quantum mechanics courses. Various recommendations for future research,
education, and technological applications are presented at the end of the study.

Keywords: Partial Reflection, Quantum Tunneling, Schrodinger Equation, Probability
Interpretation, Heisenberg Uncertainty Principle
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Bu caligmada, standart bir test sistemi olan IEEE 9 barali gii¢ sisteminin MATLAB/Simulink
ortaminda modellenmesi ve sisteme entegre edilen STATCOM (Static Synchronous
Compensator) cihazinin gerilim profili ile reaktif giic dengesi tizerindeki -etkilerinin
incelenmesi amaclanmistir. IEEE 9 barali sistemin tercih edilmesi, elde edilen sonuglarin
literatiir ile karsilastirilabilirligini ve genellenebilirligini saglamaktadir. Ayrica, gii¢ elektronigi
tabanli bir kompanzasyon eleman: olan STATCOM’un klasik kompanzasyon yontemlerine
gore sagladig1 avantajlar kapsamli bir sekilde degerlendirilmistir. Bununla birlikte, STATCOM
gibi cihazlarin da dahil oldugu FACTS (Flexible AC Transmission Systems) teknolojileri,
modern gii¢ sistemlerinde esneklik, kontrol edilebilirlik ve kararlilik a¢isindan 6nemli katkilar
sunmaktadir. Gii¢ sistemlerinde artan yiik talepleri ve sistem karmasikligi, gerilim kararlilig
problemlerini daha kritik hale getirmekte olup, bu tiir modern ¢dzlimlerin Snemini
artirmaktadir.

IEEE 9 barali gii¢ sistemi; ii¢ generatdr, ii¢ yiik barasi, iletim hatlar1 ve transformatorlerden
olugmakta olup, yiik akis1 ve gerilim kararlilig1 analizlerinde yaygin olarak kullanilan referans
bir modeldir. Bumodel, ayn1 zamanda FACTS cihazlarinin performans analizlerinde de siklikla
tercih edilmektedir. Calismanin ilk asamasinda sistem MATLAB/Simulink ortaminda detayl
bir sekilde modellenmis ve temel isletme kosullar altinda yiik akisi analizi gerceklestirilmistir.
Bu analiz siirecinde Newton-Raphson tabanli ¢6ziim yontemi kullanilmistir. Elde edilen ilk
analiz sonuglari, bazi1 yiik baralarinda gerilim seviyelerinin nominal degerlerin altinda kaldigini
ve bu durumun temel nedeninin reaktif gii¢ yetersizligi oldugunu agikca ortaya koymustur. Bu
durum, 6zellikle iletim sistemlerinde gerilim diisiimii ve kararlilik problemlerine yol agabilecek
kritik bir sorundur.

Belirlenen bu problem dogrultusunda, gerilim diisiimiiniin en belirgin oldugu bara noktasina
STATCOM cihaz1 entegre edilmistir. Bu cihaz, bara gerilimini referans degerde tutmak
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amaciyla hizli ve dinamik bir sekilde reaktif gii¢ aligverisi gergeklestiren bir gii¢c elektronigi
tabanli kompanzasyon elemanidir ve FACTS ailesinin 6nemli bir iiyesidir. Bu caligmada
gelistirilen kontrol yapisi, bara gerilimini siirekli izleyerek gerekli durumlarda reaktif gii¢
tiretimi veya tiiketimi saglayacak sekilde tasarlanmistir. Bu kontrol mekanizmasi sayesinde
sistemin anlik yik degisimlerine hizli bir sekilde tepki verebilmesi saglanmistir. FACTS
teknolojilerinin genel amacit da bu tiir dinamik kontrol kabiliyetleri ile gii¢ sisteminin
performansini artirmaktir.

Caligmada sistem, STATCOM cihazinin devrede oldugu ve devrede olmadig: iki farkli senaryo
altinda incelenmistir. Bu karsilagtirmali yaklasim sayesinde cihazin sistem performansi
lizerindeki etkileri agik bir sekilde ortaya konulmustur. Ozellikle yiike bagl olan 5. baradaki
gerilim degeri, STATCOM’un devrede olmadigi durumda 0.93 pu olarak Sl¢tilmiistiir. Bu
deger, giic sistemlerinde genel kabul géren 1 pu nominal gerilim referansina gore diisiik olup,
genellikle kabul edilebilir isletme araligi olan 0.95-1.05 pu smurlarinin altinda kaldigim
gostermektedir.

Gergeklestirilen analizlerde bara gerilim biiyiikliikleri, reaktif giic dagilimi ve hat gii¢ akislar
detayli bicimde degerlendirilmistir. STATCOM devreye alinmadan Once yapilan analizler,
ozellikle ylik baralarinda gerilim seviyelerinin istenilen referans degerden saptigini ortaya
koymaktadir. Buna karsilik, cihazin sisteme entegre edilmesinin ardindan elde edilen sonuglar,
gerilim degerlerinin nominal referans olan 1 pu seviyesine yaklastigin1 ve kabul edilebilir
isletme sinirlar1 igerisine girdigini gostermektedir. Bu durum, sistem gerilim profilinde belirgin
bir iyilesme saglandigimi agik¢a ortaya koymaktadir. Nitekim, 5. baradaki gerilim degeri
yaklasik olarak %7.5 oraninda artis gdstererek 6nemli bir toparlanma sergilemistir.

Ayrica, reaktif glic ihtiyacinin yerel olarak karsilanmasi sayesinde iletim hatlar1 tizerindeki
reaktif gili¢ akis1 azalmis ve bu durum sistem kayiplarinin diisiiriilmesine katki saglamistir. Bu
sonug, enerji iletim verimliligi acisindan 6nemli bir kazanim olarak degerlendirilmektedir.
Benzer sekilde, diger FACTS cihazlar1 (6rnegin SVC, TCSC ve UPFC) da farkli kontrol
stratejileri ile gii¢ akisini ve gerilim seviyelerini diizenleyebilmekte, ancak STATCOM un hizli
tepki kabiliyeti ve diislik harmonik tiretimi 6nemli avantajlar sunmaktadir.

STATCOM cihazinin hizli tepki verme yetenegi sayesinde ani yiik degisimlerine kars1 sistemin
daha kararli bir davranis sergiledigi de gozlemlenmistir. Bu 6zellik, 6zellikle modern gii¢
sistemlerinde dinamik kararliligin saglanmasi acisindan kritik bir avantaj sunmaktadir. Klasik
sont kompanzasyon yontemleri ile karsilagtirildiginda, bu cihazin daha esnek, hizli ve etkin bir
kontrol imkanmi sundugu belirlenmistir. Sonu¢ olarak, MATLAB/Simulink ortaminda
gerceklestirilen calisma, STATCOM un gerilim regiilasyonu ve reaktif gii¢c kontrolii agisindan
oldukca etkin bir ¢6ziim oldugunu ortaya koymaktadir.

Elde edilen bulgular, yalnizca kiigilik 6lgekli test sistemleri i¢in degil, ayn1 zamanda daha biiyiik
ve karmagik gii¢ sistemleri i¢in de uygulanabilir niteliktedir. Bu baglamda, FACTS tabanl
kompanzasyon yontemlerinin, gii¢ sistemlerinde isletme giivenligi ve kararliligin artirilmasinda
onemli bir rol oynadig1 agikga goriilmektedir. Gelecek caligmalarda, farkli yilik senaryolar1 ve
ariza durumlari altinda STATCOM ve diger FACTS cihazlarinin performansinin incelenmesi,
sistem davraniginin daha kapsamli bir sekilde anlagilmasina katki saglayacaktir.
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ABSTRACT

This study models the IEEE 9-bus power system—a standard test system—in the
MATLAB/Simulink environment and examines the effects of an integrated STATCOM device
on voltage profile and reactive power balance. The selection of the IEEE 9-bus system enhances
the comparability of the results with existing literature and contributes to the generalizability of
the study. As increasing load demands and system complexity make voltage stability issues
more critical in power systems, the importance of modern solutions such as FACTS
technologies continues to grow.

In the study, the IEEE 9-bus system—comprising three generators, three load buses,
transmission lines, and transformers—was modeled in detail, and a Newton-Raphson-based
load flow analysis was performed. The initial results indicated that voltage levels, especially at
the load buses, remained below nominal values, with the primary cause identified as insufficient
reactive power. This condition was determined to pose a significant problem in terms of system
stability and energy transmission efficiency.

To address the identified voltage drop issue, a STATCOM device was integrated at the most
critical bus. STATCOM is a FACTS device capable of rapidly and dynamically exchanging
reactive power to maintain bus voltage at a reference value. With the developed control system,
the device continuously monitored the bus voltage and generated or absorbed reactive power as
needed. This enabled the system to respond quickly to sudden load changes.

To evaluate the effect of the STATCOM, the system was analyzed under two scenarios: with
and without the device in operation. In particular, the voltage at Bus 5 was measured as 0.93 pu
when the STATCOM was not in service, which is below acceptable limits. However, after the
device was activated, voltage levels approached 1 pu and entered the acceptable range.

In conclusion, the STATCOM was found to be highly effective in voltage regulation and
reactive power control. Additionally, a reduction in reactive power flow in the transmission
lines led to decreased system losses and improved overall system performance. These findings
demonstrate that FACTS-based solutions provide significant contributions to reliability and
stability in modern power systems.

Keywords: Power system analysis, MATLAB, Simulink, STATCOM, Load flow, Reactive power
control
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ABSTRACT

The rapid depletion of shallow mineral reserves is inevitably driving mining operations to
progressively deeper levels worldwide. As extraction depth increases, underground workings
are subjected to significantly elevated primary stress conditions, elevated rock temperatures,
and increasingly complex geomechanical environments that are fundamentally different from
those encountered in shallow mines. Among the most hazardous and challenging problems
created by these demanding conditions is the rockburst phenomenon. A rockburst is defined as
the sudden and violent release of elastic strain energy that has accumulated in a highly stressed
rock mass, manifesting as an explosive ejection of rock fragments into the excavation. This
dynamic failure mode, which leads to support system collapses, severe equipment destruction,
tunnel closures, and most critically, worker fatalities, represents one of the most direct and
severe threats to operational safety in deep underground mining environments globally.
Rockbursts are fundamentally distinct from simple static failure problems and cannot be
adequately addressed through conventional geomechanical frameworks alone. They represent
a complex dynamic instability process in which excavation-induced tangential stress
concentrations, the inherent brittle fracture tendency of competent rock, the local geological
structural setting, and mine production planning interact in a nonlinear and often unpredictable
manner. The evolution of a rockburst event is the combined result of multiple internal factors
such as intact rock strength, stiffness, and energy storage capacity and external factors,
including excavation geometry, blasting practices, and the rate of stress change induced by
adjacent mining activities. Based on the prevailing failure mechanism and energy source,
rockbursts are generally classified into three main groups: strainburst, pillar burst, and fault-
slip burst (Ortlepp and Stacey, 1994). Each type presents distinct precursory signatures, spatial
characteristics, and magnitudes of consequence, necessitating differentiated assessment and
management strategies.

The primary objective of this study is to comprehensively examine the formation mechanisms
of rockbursts in deep underground mining through established and emerging theoretical models,
and to systematically evaluate the preventive and reactive mitigation techniques currently
employed or proposed in the literature. A critical examination of the theoretical models
documented across the research literature reveals that the foundational frameworks established
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by pioneering researchers notably Cook et al. (1966) on energy release rates and Kaiser and Cai
(2012) on rock mass brittleness and support design — retain their fundamental validity and
continue to provide the conceptual backbone for contemporary research, even as they have been
substantially refined and extended in recent years (Cai, 2024).

Theoretical approaches for quantitative risk analysis and burst prediction are fundamentally
addressed along two principal axes. The first relies on stress-based analytical methods, which
compare the induced principal stresses at the excavation boundary with the physical strength
limits of the rock mass, typically expressed through empirical failure criteria such as the Hoek-
Brown or Mohr-Coulomb envelopes. These approaches allow engineers to identify zones of
critical stress concentration and to assess the proximity of the rock mass to its failure threshold
under varying excavation scenarios. The second axis involves energy-based models, which
conceptually treat the explosive ejection tendency of rock as a thermodynamic process
governed by stored elastic strain energy. In this framework, the elastic energy accumulated up
to the rock's peak strength point determines the kinetic severity of the burst and the resultant
ejection velocity of fragmented rock. In this context, the predictive accuracy and practical
applicability of parameters such as the Local Energy Release Rate (LERR) and the Burst
Potential Index (BPI) will be comparatively analyzed across a range of documented mine
geometries and geological settings, with particular attention to their sensitivity to input
parameter uncertainty and their integration within numerical modeling environments.

Another critical focus of this study is the operational evaluation of risk mitigation methods
across the pre-conditioning, support design, and monitoring domains. Among source-control
strategies, the advantages and limitations of pre-conditioning practices aimed at reducing the
stored elastic energy in the rock mass prior to mining — most notably destress blasting and
hydraulic fracturing will be discussed with reference to documented field applications and
controlled experimental studies. These techniques seek to either fracture the rock in a controlled
manner before the natural burst occurs or to reduce the post-peak brittleness of the rock mass
by modifying its internal structure and permeability. Furthermore, the mechanical performance
of yielding rock support systems specifically those capable of absorbing high kinetic energy
against dynamic shock waves generated during a burst will be systematically evaluated. Key
systems such as cone bolts, yielding mesh configurations, and hybrid support assemblies will
be assessed in terms of their energy absorption capacity, displacement tolerance, and
compatibility with different excavation conditions.

The literature review underpinning this study will be conducted systematically and
transparently using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) protocol, ensuring reproducibility, methodological rigor, and comprehensive
coverage of the available evidence base. This structured approach will transform the currently
scattered and heterogeneous body of theoretical and experimental data into an integrated,
coherent decision-support framework accessible to practicing mining engineers and
researchers. The findings of this synthesis are intended to provide a direct and substantive
theoretical contribution to the improvement of safety standards in deep mine design, bridging
the gap between fundamental geomechanical research and the practical operational demands of
the global deep mining industry. Ultimately, this work aims to support engineers in making
more informed, evidence-based decisions regarding excavation sequencing, support selection,
and hazard monitoring in high-stress underground environments.

Keywords: Deep underground mining, Rockburst, Theoretical modelling, Mitigation
techniques, Systematic review

204



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

Elektrik Dagitim SCADA Sistemlerinde Siber
Guivenlik Riskler1 ve Protokol-Bagimsiz
Anomali Tespiti

Cybersecurity Risks and Protocol-Independent Anomaly Detection in
Electric Distribution SCADA Systems

Barig Poyraz Mehmet Emin Asker
Dicle Elektrik Dagitim A.S. Dicle Universitesi: Teknik Bilimler Meslek Yiiksek Okulu
Diyarbakair, Tiirkiye Elektrik ve Enerji Béliimii
baris.poyraz@dedas.com.tr Diyarbakar, Tiirkiye

measker@dicle.edu.tr

[lhami Poyraz
Dicle Universitesi: Teknik Bilimler Meslek Yiiksek Okulu
Elektrik ve Enerji Béliimii
Diyarbakir, Tiirkiye
ilhami.poyraz@dicle.edu.tr

07/

Elektrik dagitim SCADA sistemleri, kontrol merkezi ile sahadaki RTU, PLC ve IED tabanh
ekipmanlar arasinda gozetim, alarm, 6l¢iim ve kumanda akisini saglayan kritik operasyonel
teknoloji bilesenleridir. Dagitim sebekelerinde uzaktan erisim olanaklarinin artmasi, is aglar
ile OT aglar1 arasindaki baglantilarin ¢ogalmasi, bakim amach {ciincii taraf erisimlerinin
yayginlagmasi, legacy cihazlarin yeni nesil bilesenlerle birlikte calismasi ve giivenlik
yetenekleri sinirli endiistriyel protokollerin kullanimi bu yapilarin saldir1 yiizeyini belirgin
bicimde genisletmektedir. Bu ¢alisma, elektrik dagitim SCADA ortamlarinda 6ne ¢ikan siber
giivenlik risklerini sistematik bigimde tartismak ve protokol-spesifik bilgiye bagimlilig1 azaltan
protokol-bagimsiz bir anomali tespit yaklasimi i¢in kavramsal bir ¢cerceve dnermek amaciyla
hazirlanmistir. Aragtirma deneysel bir saldir1 tespit uygulamasi sunmamakta; bunun yerine
literatiir taramasi, standart incelemesi ve kurumsal rehber analizi iizerinden nitel, betimleyici
ve analitik bir degerlendirme yapmaktadir. Bu kapsamda NIST SP 800-82 Rev. 3, GAO
raporlar, DOE/NARUC dagitim sistemleri siber giivenlik baselines belgeleri, IEC 62443 ve
IEC 62351 ailesi, MITRE ATT&CK for ICS ile gilincel akademik calismalar birlikte ele
alinmistir. Kaynak sec¢imi, elektrik dagitim sistemleri veya SCADA/OT baglamina dogrudan
atif yapmasi, siber risk ya da tespit yaklagimina ag¢ik bicimde temas etmesi ve resmi kurum ya
da hakemli yayn niteligi tasimasi Ol¢litlerine gore yapilmistir. Boylece calisma, dagimik bilgi
kiimelerini tek bir ¢cercevede birlestirerek dagitim SCADA baglamina 6zgii bir sentez liretmeyi
hedeflemistir.
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n kaynaklar, dagitim SCADA giivenliginde risklerin tekil zafiyetlerden ¢ok risk aileleri

ortaya ciktigin1 gostermektedir. ilk risk ailesi, yiiksek erisilebilirlik gereksinimi
nedeniyle yama yoOnetimi, sertlestirme ve bilesen giincellemelerinin sinirlt kaldigi legacy
sistemlerdir. ikinci risk ailesi, zay1f kimlik dogrulama, yetkilendirme eksikligi, internete agik
OT varliklar, giivensiz uzaktan erisim kanallar1 ve yetersiz ag segmentasyonudur. Ugiincii risk
ailesi, IEC 60870-5-104 ve DNP3 gibi protokollerde gilivenligin tarihsel olarak sonradan
eklenmesi nedeniyle ortaya ¢ikan veri biitiinliigli, kimlik dogrulama ve erisilebilirlik
sorunlaridir. Bu noktada IEC 62351-5 ve ilgili glivenlik teknik sartnameleri 6nemli ilerlemeler
sunmakla birlikte, heterojen cihaz parki ve kademeli modernizasyon nedeniyle bu dnlemlerin
tiim sahaya ayni1 hiz ve derinlikte yayginlastirilamadigi goriilmektedir. Dordiincii risk ailesi ise
goriiniirliik eksikligidir; bircok dagitim ortaminda i¢ OT trafiginin yeterince izlenememesi,
anomali ile normal isletme davranisinin ayristirilmasint giiglestirmektedir. Bulgular ayrica
yalnizca imza veya protokol-6zel tespit yaklasimlarima dayali savunmanin, heterojen saha
yapisi, ¢ok protokollii haberlesme, kisith saldir1 6rnegi ve sifreli iletisim egilimi nedeniyle
yeterli olmadigini ortaya koymaktadir. Ozellikle veri manipiilasyonu, hizmet reddi, operatdr
gorlinlirliigiiniin bozulmas1 ve yanlis saha komutlarinin dolayli olarak DMS veya ADMS
tabanli karar siireclerini etkileyebilmesi, dagitim SCADA olaylarimi salt bilisim giivenligi
problemi olmaktan ¢ikarip siber-fiziksel dayaniklilik meselesine doniistiirmektedir.

Bu degerlendirme temelinde calismada alti katmanli bir protokol-bagimsiz anomali tespit
cercevesi onerilmektedir. {1k katman, ag trafigi, firewall/VPN kayitlari, jump server giinliikleri,
kontrol merkezi sunuculari, HMI ve historian verileri gibi kaynaklardan iiretim trafigine satir
i¢ci miidahale olmadan pasif veri toplamay1 dngdrmektedir. ikinci katman, varliklarin rol, bolge
ve iletisim beklentilerine gore baglamlandirilmasidir; bdylece sistem yalnizca istatistiksel
olarak degil, mimari ve isletmesel olarak da tanimlanmis bir normallik profiline kavusur.
Ugiincii katmanda protokol semantigi ¢oziilmeden paket say1s1, baglanti siiresi, es degisimi, yon
asimetrisi, periyodiklik, zamanlama oriintiileri ve pencere tabanli akis 6zetleri gibi protokol-
bagimsiz 6zellikler ¢ikarilir. Dordiincii katman, normal davranisi giivenilir donemlerden
ogrenen tek-sinifli, denetimsiz veya hibrit modellerle sapma skorlar1 iiretir. Besinci katman,
anomali skorlarin1 komut, alarm, operator oturumu, bakim penceresi ve topolojik beklentiler
gibi baglamsal 6gelerle iligkilendirir. Altinct katman ise sonuglar1 erisim anomalisi, zamanlama
anomalisi, baglam uyumsuzlugu veya veri biitiinligli stiphesi gibi agiklanabilir alarm
siiflarinda sunar. Boylece yaklasim, protokoliin i¢ semantigini tamamen ¢ézmeden de OT
trafiginin deterministik ve tekrarli dogasindan yararlanarak isletmeye anlamli erken uyarilar
iiretebilmeyi amaclamaktadir. Ayrica onerilen gergeve, pasif kurulabilir olmasi sayesinde OT
stirekliligi ve emniyet kisitlariyla daha uyumlu bir izleme mimarisi sunmaktadir.

Sonug olarak ¢alisma, dagitim SCADA giivenliginde protokol sertlestirmesinin gerekli fakat
tek basma yeterli olmadigini; pasif, ¢ok kaynakli, rol-baglam duyarli ve agiklanabilir bir
protokol-bagimsiz anomali tespit hattinin daha uygulanabilir bir ikinci savunma katmani
sundugunu gostermektedir. Uygulama acisindan varlik envanterinin giincel tutulmasi, OT ve
kurumsal ag arasinda katmanli ayristirma yapilmasi, internete agik erisimlerin kaldirilmasi,
zorunlu uzaktan erisimlerin giiglii kimlik dogrulama ve kayit altina alma ilkeleriyle
sinirlandirilmasi ve mevcut protokol giivenlik uzantilarinin sahaya uygun gecis planlariyla
degerlendirilmesi oncelikli oneriler olarak one ¢ikmaktadir. Boyle bir yaklasim yalnizca ag
giivenligini degil, ayn1 zamanda dagitim isletmesinde durum farkindaligini, hizmet siirekliligini
ve DMS/ADMS tabanli kararlarin dogrulugunu desteklemektedir. Caligmanin en Onemli
sinirliligl deneysel dogrulama icermemesidir. Bu nedenle gelecekte, temsil giicii yiliksek
dagitim SCADA veri setleri veya giivenilir test ortamlar lizerinde akis dzeti ve zaman serisi
temelli Ozelliklerin karsilagtirilmasi, yanlis alarm ve tespit gecikmesi dengesinin Olgiilmesi,
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_karisimlarinda yaklagimin transfer edilebilirliginin incelenmesi 6nerilmektedir.
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ABSTRACT

Electric distribution SCADA systems are critical operational technology infrastructures that
enable monitoring, alarm handling, measurement acquisition, and remote control between the
control center and geographically dispersed field devices such as RTUs, PLCs, and IEDs. Their
attack surface has expanded due to increasing remote connectivity, stronger interdependence
between corporate IT and OT networks, widespread third-party maintenance access,
coexistence of legacy and modern devices, and the continued use of industrial communication
protocols with uneven security capabilities. This study aims to identify the main cybersecurity
risk families in electric distribution SCADA environments and to propose a conceptual
framework for protocol-independent anomaly detection that reduces dependence on protocol-
specific knowledge. Rather than presenting an experimental intrusion detection
implementation, the study follows a qualitative, descriptive, and analytical design based on
literature review, standards analysis, and institutional guidance. The assessment synthesizes
findings from NIST, GAO, DOE/NARUC baselines, IEC 62443 and IEC 62351 standards,
MITRE ATT&CK for ICS, and recent academic studies.

The review indicates that major risks cluster around four areas: legacy systems with limited
patchability and hardening options, weak authentication and authorization combined with
insecure remote access and insufficient segmentation, protocol-related integrity and availability
weaknesses, and lack of internal OT visibility. The findings also show that signature-based and
protocol-specific detection methods are not sufficient for heterogeneous, multi-vendor, multi-
protocol distribution environments where attack samples are scarce and encrypted traffic is
increasing.

Based on these findings, the paper proposes a six-layer conceptual detection pipeline consisting
of passive data collection, asset-role-zone contextualization, protocol-independent feature
extraction, normality modeling, contextual correlation, and explainable alarm generation. The
proposed approach treats protocol hardening as necessary but not sufficient and argues that a
passive, multi-source, context-aware, and explainable anomaly detection capability can provide
a more practical second line of defense for distribution SCADA security and operational
resilience. Future work should validate the framework on representative datasets or realistic test
environments and assess false alarm rate, detection delay, and transferability across different
protocol mixes.

Keywords: Distribution SCADA; OT Security, Protocol-Independent Anomaly Detection,
Industrial Cybersecurity;, Cyber-Physical Resilience
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Aktinobakteriler, 6zellikle Streptomycetales takimi tiyeleri, kompleks yasam dongiileri ve genis
ikincil metabolit tiretim kapasiteleri ile biyoteknolojik agidan biiyiik onem tagimaktadir. Ancak
klasik habitatlar olan tarim ve orman topraklarindan yapilan izolasyonlarda siirekli benzer
taksonlarin elde edilmesi sorununu ortaya ¢ikarmis ve yeni tiir kesiflerini sinirlandirmistir. Bu
nedenle son yillarda, farkli seleksiyon baskilarina sahip sira dis1 ve oligotrofik ekosistemler,
ozellikle de magaralar, yeni ve nadir aktinobakteri taksonlarinin kesfi acisindan Onemli
arastirma alanlar1 haline gelmistir. Magara ekosistemleri; diisiik besin girdisi, 151k yoklugu ve
yiiksek mineral igerigi gibi ¢evresel faktorler nedeniyle yiizey ortamlarindan belirgin sekilde
farklilasmakta ve bu kosullar mikroorganizmalarin adaptasyon siireclerini sekillendirmektedir.
Ozellikle kalsiyum karbonatga zengin speleotem yapilar (6rnegin aysiitii), zgiin mikrobiyal
topluluklar1 barindirabilmektedir.

Bu ¢alismanin amaci, Diyarbakir ili Dicle ilgesinde yer alan ve mikrobiyolojik agidan heniiz
arastirilmamis olan Dicle Magarasi’ndan aktinobakterilerin segici izolasyon yontemleri ile elde
edilmesi ve bu izolatlarin modern polifazik taksonomi yaklagimi cergevesinde detayli
karakterizasyonunun gerceklestirilmesidir. Magaranin farkli mikrohabitatlarindan (toprak,
duvar ve aysiitii) alinan Ornekler, hizli biiyliyen bakterilerin baskilanmasi ve nadir
aktinobakterilerin secilimini artirmak amaciyla c¢esitli 6n islemlerden gecirilerek, farkl
taksonlarin elde edilme olasiligini artirmak igin 6 farkl segici besiyeri kullanilmastir.

Izolatlarin karakterizasyonunda, bakteriyel sistematikte standart kabul edilen polifazik
taksonomi yaklasimi benimsenmistir. Bu kapsamda morfolojik ve Kkiiltiirel karakterizasyon
kapsaminda izolatlar farkli ayirict besiyerlerinde; koloni morfolojisi, biiylime o6zellikleri,
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substrat ve hava misel renklenmeleri, spor renklenmeleri ve pigment liretimi gibi parametreler
acisindan incelenmistir. Fizyolojik testler kapsaminda izolatlarin tuz, sicaklik ve pH toleranslari
belirlenmistir. Molekiiler karakterizasyon igin izolatlarin 16S rRNA genleri PZR (Polimeraz
Zincir Reaksiyonu) ile ¢ogaltilmis, Sanger yontemiyle dizilenmis ve ilgili genler filogenetik
analizler ile incelenmistir. Ayrica izolatlarin iirettigi sekonder metabolitler elde edilmis ve bu
metabolitlerin biyolojik aktivitesi, klinik agidan 6nemli patojen mikroorganizmalara kars1 test
edilmistir.

Sonug olarak, Dicle Magarasi’nin farkli 3 farkli lokasyonundan elde edilen toplam 9 6rnekten
yapilan izolasyonlar neticesinde birbirinden farkli yaklasik 100 adet aktinobakteri izole edilmis
ve tanimlanmustir. Elde edilen izolatlarin morfolojik ve molekiiler analizlerine gore,
Aktinobakteri filumuna dahil 7 farkli cinse (Streptomyces, Kitasatospora, Micromonospora,
Lentzae, Amycolatopsis, Mycolicibacterium ve Nocardia) ait tiirler oldugu, bunlarin igerisinde
en yaygin olarak Streptomyces tiirlerinin bulundugu tespit edilmistir. Tiir diizeyinde ayrimin
degerlendirilmesinde, morfolojik, fizyolojik, biyokimyasal veriler ve 16S rRNA gen benzerligi
icin Onerilen esik deger dikkate alinmis, 6zellikle diisiik sekans benzerligi ve filogenetik agacta
farkli topolojik konumlanma gosteren izolatlar potansiyel yeni tiir adaylar1 olarak
degerlendirilmistir. Bu kapsamda belirlenen 30 izolat ileri diizey genomik analizler igin
sec¢ilmis olup analiz sonuglar1 beklenmektedir.

Fizyolojik testler, izolatlarin tuz toleransinda belirgin siirliliklar oldugunu ortaya koymustur;
yaklasik %10 oranindaki izolat %7,5 NaCl iceren besiyerlerinde biiylime sergilemistir. Sicaklik
toleransina iliskin veriler ise, izolatlarin yaklasik %20’sinin 40 °C’de inkiibe edilen agar
ortaminda gelisim gosterebildigini ortaya koymustur. Ayrica pH tolerans testleri, izolatlarin
bliyiik cogunlugunun nétr ve hafif alkali kosullarda gelisim gosterebildigini, asidik ortamlarda
ise smurlt biliylime sergiledigini ortaya koymustur. Bu bulgular, elde edilen aktinobakteri
izolatlarinin fizyolojik ¢esitliligini ve ¢evresel stres faktorlerine karsi adaptasyon diizeylerini
ortaya koymaktadir.

Calisma kapsaminda izolatlarin antimikrobiyal aktivitesi degerlendirilmis olup tiim izolatlarin
yaklasik %50’sinin en az bir patojen mikroorganizmaya karsi aktivite gosterdigi belirlenmistir.
Aktivite profilleri incelendiginde, bazi izolatlarin yalnizca tek bir mikroorganizmaya kars: etkili
oldugu, bazilarinin ise genis spektrumda Gram negatif, Gram pozitif ve mantarlara karsi
inhibisyon etkisi tespit edilmistir.

Bu calisma, Dicle Magarasi’nin mikrobiyal biyogesitliliginin ortaya konulmasma katki
saglamakta ve magara kokenli aktinobakterilerin taksonomik ve fonksiyonel potansiyelini
ortaya koymaktadir. Uygulanan polifazik yaklagim sayesinde izolatlarin sistematik konumlari
giivenilir sekilde belirlenmis olup, bu mikroorganizmalarin yeni biyoaktif bilesiklerin kesfi
acisindan dnemli bir kaynak olusturdugu degerlendirilmektedir.

Anahtar Kelimeler: Magara aktinobakterileri, polifazik taksonomi, antimikrobiyal aktivite

ABSTRACT

Actinobacteria, especially members of the order Streptomycetales, are of great biotechnological
importance due to their complex life cycles and broad capacity for secondary metabolite
production. However, isolations from classical habitats such as agricultural and forest soils have
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repeatedly yielded similar taxa, which has limited the discovery of new species. For this reason,
in recent years, unusual and oligotrophic ecosystems with different selective pressures,
particularly caves, have become important research areas for the discovery of new and rare
actinobacterial taxa. Cave ecosystems, due to environmental factors such as low nutrient input,
absence of light, and high mineral content, differ significantly from surface environments, and
these conditions shape microbial adaptation processes. In particular, speleothem structures rich
in calcium carbonate (e.g., moonmilk) can harbor unique microbial communities.

The aim of this study is to obtain actinobacteria from the Dicle Cave, located in the Dicle district
of Diyarbakir province, which has not yet been investigated microbiologically, using selective
isolation methods, and to carry out detailed characterization of these isolates within the
framework of the modern polyphasic taxonomy approach. Samples taken from different
microhabitats of the cave (soil, wall, and moonmilk) were subjected to various pretreatments to
suppress fast-growing bacteria and enhance the selection of rare actinobacteria, and six different
selective media were used to increase the likelihood of obtaining diverse taxa.

In the characterization of the isolates, the polyphasic taxonomy approach, which is accepted as
the standard in bacterial systematics, was adopted. Within this scope, morphological and
cultural characterization included examination of colony morphology, growth characteristics,
substrate and aerial mycelium coloration, spore coloration, and pigment production on different
differential media. Physiological tests determined the salt, temperature, and pH tolerances of
the isolates. For molecular characterization, the 16S rRNA genes of the isolates were amplified
by PCR (Polymerase Chain Reaction), sequenced using the Sanger method, and analyzed
phylogenetically. In addition, secondary metabolites produced by the isolates were obtained,
and their biological activity was tested against clinically important pathogenic microorganisms.
As a result, isolations from a total of nine samples collected from three different locations of
the Dicle Cave yielded approximately 100 distinct actinobacteria, which were isolated and
identified. Based on morphological and molecular analyses, the isolates were found to belong
to seven different genera within the phylum Actinobacteria (Streptomyces, Kitasatospora,
Micromonospora, Lentzae, Amycolatopsis, Mycolicibacterium, and Nocardia), with
Streptomyces species being the most common. In species-level differentiation, morphological,
physiological, and biochemical data, as well as the threshold value recommended for 16S rRNA
gene similarity, were considered. Isolates showing particularly low sequence similarity and
distinct topological positioning in the phylogenetic tree were evaluated as potential new species
candidates. In this context, 30 isolates were selected for advanced genomic analyses, the results
of which are pending.

Physiological tests revealed notable limitations in salt tolerance; approximately 10% of the
isolates were able to grow on media containing 7.5% NaCl. Data on temperature tolerance
showed that about 20% of the isolates were able to grow on agar incubated at 40 °C.
Furthermore, pH tolerance tests indicated that the majority of isolates grew under neutral and
slightly alkaline conditions, while growth was limited in acidic environments. These findings
highlight the physiological diversity of the actinobacterial isolates and their levels of adaptation
to environmental stress factors.

The antimicrobial activity of the isolates was also evaluated, and approximately 50% of all
isolates exhibited activity against at least one pathogenic microorganism. Analysis of activity
profiles showed that some isolates were effective against only a single microorganism, while
others displayed broad-spectrum inhibition against Gram-negative, Gram-positive bacteria, and
fungi.

This study contributes to revealing the microbial biodiversity of the Dicle Cave and
demonstrates the taxonomic and functional potential of cave-derived actinobacteria. Through
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the polyphasic approach applied, the systematic positions of the isolates were reliably
determined, and these microorganisms are considered to be an important source for the
discovery of new bioactive compounds.

Keywords: Cave actinobacteria, polyphasic taxonomy, antimicrobial activity
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oz

Kiiresel enerji talebinin siirekli artis1 ve iklim degisikliginin getirdigi ¢evresel endiseler, diinya
genelinde yenilenebilir enerji kaynaklarina yonelimi kaginilmaz kilmaktadir. Bu baglamda,
riizgar enerjisi temiz ve surdardlebilir bir alternatif olarak 6ne ¢ikmaktadir. Ancak, riizgarin
dogas1 geregi degisken ve kesintili olmasi, riizgar enerjisi iiretiminin giivenilir bir sekilde
tahmin edilmesini zorlastiran temel bir faktordiir. Elektrik sebekelerinin istikrarli ¢alismasini
saglamak, enerji ticaretini en uygun hale getirmek ve yedek guc kapasitelerini verimli bir
sekilde planlamak i¢in yiiksek dogrulukta riizgar giicii tahmin modellerine olan ihtiyag her
gecen gilin artmaktadir. Geleneksel istatistiksel yontemler, riizgar verilerindeki dogrusal
olmayan ve karmasik oriintuleri modellemede genellikle yetersiz kalmaktadir. Son yillarda,
derin 6grenme teknikleri, 6zellikle zaman serisi verilerinde gosterdikleri iistiin performans
nedeniyle riizgar tahmini alaninda yaygin olarak kullanilmaya baslanmistir. Bu ¢aligmanin
temel amaci, meteorolojik verilerle riizgar hizi ve riizgar giicii yogunlugu tahmininde Gegitli
Tekrarlayan Birim (GRU) ve Evrisimli Sinir Aglart (CNN) gibi derin 6grenme modellerinin
performanslarimi karsilastirmali olarak analiz etmektir. Ozellikle, zaman serisi verilerindeki
bagimliliklar1 6grenmede basarili olan GRU aglar ile yerel 6zellikleri ¢ikarma yetenegine
sahip CNN modellerinin riizgar enerjisi tahminindeki etkinlikleri detayli bir sekilde
incelenmistir. Ayrica, riizgar giicii hesaplamalarinda hava yogunlugunun etkisini
derinlemesine inceleyerek, sicaklik ve basing degisimlerinin gii¢ iiretim potansiyeli izerindeki
roliinii vurgulamak ve bu meteorolojik faktorlerin tahmin dogruluguna katkisini
degerlendirmek de g¢alismanin 6nemli bir hedefidir. Bu kapsamli analiz, riizgar enerjisi
sektoriinde daha giivenilir ve verimli operasyonlar i¢in derin 6grenme tabanli tahmin
modellerinin gelistirilmesine yonelik kritik bilgiler sunmay1 amaglamaktadir.

Anahtar Kelimeler: Ruzgar guci tahmini, derin ogrenme, gecitli tekrarlayan birim (GRU),
evrisimli sinir aglart (CNN), meteorolojik veri analizi, rlizgar enerjisi, zaman serisi analizi,
yenilenebilir enerji.
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ABSTRACT

The continuous increase in global energy demand and the environmental concerns brought
about by climate change make the transition toward renewable energy sources inevitable
worldwide. In this context, wind energy stands out as a clean and sustainable alternative.
However, the inherently variable and intermittent nature of wind represents a major challenge
for the reliable prediction of wind energy generation. The need for highly accurate wind power
forecasting models is increasing day by day in order to ensure the stable operation of electrical
grids, optimize energy trading, and efficiently plan backup power capacities. Traditional
statistical methods are generally insufficient for modeling the nonlinear and complex patterns
present in wind data. In recent years, deep learning techniques have been widely adopted in the
field of wind forecasting due to their superior performance, particularly in time-series data
analysis.

The primary objective of this study is to comparatively analyze the performance of deep
learning models such as Gated Recurrent Units (GRU) and Convolutional Neural Networks
(CNN) in forecasting wind speed and wind power density using meteorological data. In
particular, the effectiveness of GRU networks, which are successful in learning dependencies
within time-series data, and CNN models, which possess strong local feature extraction
capabilities, has been examined in detail for wind energy forecasting. Furthermore, by
thoroughly investigating the effect of air density on wind power calculations, this study aims
to emphasize the role of temperature and pressure variations on power generation potential and
evaluate the contribution of these meteorological factors to forecasting accuracy. This
comprehensive analysis seeks to provide critical insights for the development of more reliable
and efficient deep learning—based forecasting models for the wind energy sector.

Keywords: Wind power forecasting, deep learning, Gated Recurrent Unit (GRU),

Convolutional Neural Networks (CNN), meteorological data analysis, wind energy, time-series
analysis, renewable energy.
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oz
Bu yapilan calismada, yiiksek mertebeden sabit katsayili hemen hemen dogrusal parabolik
denklemlerin ¢ézlimlerinin kararliligi incelenmistir. Ele alinan problemin sol tarafinda, u(x,t)
fonksiyonun zamana gore tirevi, uzaya gore (2k.) mertebeden tirevinin (-1) in k. Ussl ile
carpimi verilmis, sag tarafinda ise dogrusal olmayan bir f(x,t,u) terimine sahiptir. Burada k,

1’den biiyiik veya esit bir dogal sayidir ve denklemin ne kadar yiiksek mertebeden oldugunu
belirler.

Problem, baslangic aninda sifir baslangic kosuluyla baslar ve aralifin u¢ noktalarinda,
fonksiyonun kendisi ve ¢ift mertebeden tlrevlerinin sifir oldugu homojen sinir kosullarina
sahiptir. Amacimiz, basglangi¢ kosulundaki veya denklemdeki kiiciik degisiklerin ¢6ziimde yol
actig1 farkin zamanla nasil degistigini incelemek ve kararlilik kosullarini belirlemektir. Bu
problemde ele alinan tipteki yiksek mertebeden parabolik denklemler, bir¢cok bilim ve
mithendislik alaninda karmasik fiziksel siliregleri modellemek igin kullanilmaktadir. Bundan
dolay1, bu tir denklemlerin ¢dzimlerinin baslangi¢ kosulundaki ve dis etkilere karsi ne kadar
duyarli oldugunun bilinmesi, hem teorik hem de uygulamali matematik agisindan blyik énem
tasimaktadir.

Calismada kullandigimiz yontem, enerji yontemi olarak bilinen bir yontemdir. Enerji yontemi,
kismi diferansiyel denklemlerin ¢oziimlerinin matematiksel davraniglarinin analizinde yaygin
olarak kullanilan gii¢lii bir aractir. Temel diisiince, sistemin toplam enerjisini tanimlamak bu
enerjinin zamanla nasil degistigini incelemektir. Enerji azaliyorsa veya kontrollii bir sekilde
artarsa, sistem kararli kabul edilir. Oncelikle ayn1 denklemin farkli baslangic ve sag taraf
bozunumlarina sahip iki ¢0ziimii alinmis ve bu iki ¢Oziim arasindaki fark fonksiyonu
tanimlanmistir. Bu fark fonksiyonu denklemin orijinal haliyle ¢arpilip integral alinmigtir. Kismi
integrasyonlar ve verilen homojen sinir kosullari kullanilarak, enerjinin zamana gore tiirevi ile
yuksek mertebeden tiirevin normu arasinda bir iligki elde edilmistir.
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Yuksek mertebeden tlrev terimi, kismi integrasyonlar sonucunda pozitif bir kareli terim olarak
enerji esitsizligine katkida bulunmakta ve bu terim sistemin kararliligin1 saglayan temel faktor
olarak One ¢ikmaktadir. Sinir kosullarinin homojen olmasi, kismi integrasyonlarda sinir
terimlerinin sifirlanmasin1 saglayarak analizi 6nemli oOl¢lide basitlestirmektedir. Dogrusal
olmayan terimin smirlanmasinda Lipschitz kosulu temel almmustir. Lipschitz kosulu, f
fonksiyonunun u degiskenine gore ne kadar hizli degisebilecegini kontrol eder. Bu kosul olmadan,
dogrusal olmayan terim kontrol edilemez hale gelebilir ve kararlilik analizi yapilamayabilir.
Ardindan Holder esitsizligi uygulanarak terim, Lipschitz sabitinin normu ile fark fonksiyonunun
normunun c¢arpimina indirgenmistir. HOlder esitsizligi, fonksiyonlarin ¢arpimlarinin
integrallerini, fonksiyonlarin ayr1 ayr1 normlar1 cinsinden sinirlamak i¢in kullanilir. Daha sonra
Gagliardo-Nirenberg Interpolasyon esitsizligini uyguladik. Gagliardo-Nirenberg interpolasyon
esitsizligi ile fark fonksiyonunun kendi normu ve problemin dogal yapisinda bulunan yiiksek
mertebeden tiirevinin normu arasinda iliskilendirilmistir. Gagliardo-Nirenberg interpolasyon
esitsizligi, farkli mertebelerdeki tiirevlerin normlar1 arasinda bir interpolasyon saglar ve bu
sayede diisiik mertebeden tiirevler, yiiksek mertebeden tiirevler cinsinden kontrol edilebilir. Bu
esitsizlik, 6zellikle yiiksek mertebeden denklemlerin analizinde vazgecilmez bir aractir. Ispati,
Fourier serileri veya fonksiyonel analiz yontemleriyle yapilabilir. Elde edilen ifadeler
genellestirilmis Young esitsizligi kullanilarak diizenlenmis ve enerji esitsizligindeki yiiksek
mertebeden tiirev teriminin bir kismi1 elimine edilmistir. Young esitsizligi, iki terimin ¢arpimini,
bu terimlerin kuvvetlerinin toplami seklinde sinirlamak igin kullanilir. Genellestirilmis formu,
farkli Gislerle ¢alismaya olanak tanir. Bu adimda, epsilon parametresi uygun olarak secilerek en
iyi smir elde edilmeye calisilmigtir. Pertiirbasyon terimi ise Cauchy-Schwarz ve Young
esitsizlikleri ile smirlanmigtir. Cauchy-Schwarz esitsizligi, iki fonksiyonun i¢ c¢arpimini
normlariin ¢arpimi ile smirlar. Young esitsizligi ise bu ¢arpimi, Karelerin toplami formatina
getirir. Tim bu adimlarin sonucunda, fark fonksiyonunun normunun karesi i¢in standart bir
diferansiyel esitsizlik elde edilmistir. Bu esitsizlik, Gronwall esitsizligi kullanilarak ¢oziilmiistiir.
Gronwall esitsizligi, diferansiyel esitsizliklerden integral esitsizliklerine gegis yaparak
¢Oziimlerin {ist sinirlarin1 bulmamizi yardimei olur. Bu esitsizlik, kararlilik analizinin en 6nemli
adimlarindan biridir.

Bulgular,iki ¢oziim farkinin, baslangigtaki farkin normu ve denklem bozunumlarinin hata
normunun bir Gstel garpan ile ¢arpimi seklinde smirlandigimi gostermektedir. Bu Ustel carpan,
Lipschitz sabitinin zaman integraline ve denklem mertebesine baghdir. Yapilan analiz
sonucunda, her sonlu zaman araligi igin, baslangi¢c ve denklem bozunumlar1 yeterince kigik
oldugunda ¢6zlim farkinin da istenen kiigiikliikte kalacag1 gosterilmistir. Bu, problemin epsilon-
delta anlaminda kararli oldugunu gostermektedir. Epsilon-delta, kararliligin tanimi geregi yapilir.
Her epsilon pozitif sayisina karsilik, delta pozitif sayisi1 Oyle secilir ki, baslangi¢ farki ve bozunum
birikimi deltadan kiigik oldugunda, ¢6ziim farki epsilon‘dan kiglk kalir. Ayrica, Lipschitz
sabitinin normunun zaman integrali sonsuz olsa bile sonlu zaman araliginda kararlilik
korunmaktadir.

Sonug olarak, yiiksek mertebeden sabit katsayilt hemen hemen dogrusal parabolik denklemlerin
¢Ozlimlerinin kararliligi, Lipschitz kosulu altinda sonlu zaman araliklarinda kararlidir. Elde
edilen kararlilik esitsizlikleri, denklem mertebesinin ve linecer olmama durumunun kararlilik
tizerindeki etkisini ortaya koymaktadir. Yiiksek mertebe kararliligi iyilestirmektedir. Bu
caligmanin sonuglari, sayisal yontemlerde kullanilabilir. Bu probleme farkli degiskenler atayarak
veya baslangi¢ ve smir kosullar1 degistirilerek kararlilik analizi
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calisilabilir. Ayrica bu parabolik denklemden farkli olarak eliptik ve hiperbolik i¢inde farkl
degiskenli katsayili durumlar i¢in ¢alisilabilir.

Anahtar Kelimeler: Kararlilik; Yiiksek Mertebeden Parabolik Denklemler; Enerji Yontemi;
Gagliardo-Nirenberg Interpolasyon Esitsizligi; Gronwall Esitsizligi

ABSTRACT

In this study, the stability of solutions to high-order semi-linear parabolic equations is
investigated. On the left-hand side of the problem under consideration, the time derivative of
the function u(x,t) is given as the product of the (2k)th-order spatial derivative of u(x,t) and (-
1) raised to the power of k; on the right-hand side, there is a nonlinear term f(x,t,u). Here, Kk is
a natural number greater than or equal to 1 and determines the order of the equation.

The problem begins with a zero initial condition at the initial time and has homogeneous
boundary conditions at the endpoints of the interval, where the function itself and its second-
order derivatives are zero. Our goal is to investigate how the difference caused by small changes
in the initial condition or the equation evolves over time and to determine the stability
conditions.

The method used in this study is a technique known as the energy method. The fundamental
idea here is to define the total energy of the system and to examine how this energy changes
over time. If the energy decreases or increases in a controlled manner, the system is considered
stable. Firstly, two solutions of the same equation with different initial and right-hand-side
perturbations were obtained, and the difference function between these two solutions was
defined. Subsequently, the difference equation was multiplied by the original problem and
integrated. Using partial integrals and the given homogeneous boundary conditions, a
relationship was derived between the time derivative of the energy and the norm of its higher-
order derivative. The higher-order derivative term contributes to the energy inequality as a
positive second-order term arising from the partial integrals, and this term emerges as the key
factor ensuring the system’s stability.

The findings show that the difference between the two solutions is bounded by the product of
the norm of the initial difference and the error norm of the equation perturbation, multiplied by
an exponential factor. This exponential factor depends on the time integral of the Lipschitz
constant and the degree of the equation. The analysis carried out demonstrates that, for any
finite time interval, provided the initial and equation perturbations are sufficiently small, the
difference between the solutions will also remain within the desired bounds of smallness. This
demonstrates that the problem is stable in the epsilon-delta sense.

Consequently, the stability of solutions to high-order parabolic equations with constant
coefficients is guaranteed over finite time intervals under the Lipschitz condition. The stability
inequalities obtained reveal the effect of the order of the equation and the non-linearity on
stability. Higher order improves stability.

Keywords: Stability; Higher-Order Parabolic Equations; Energy Method; Gagliardo-
Nirenberg Interpolation Inequality; Gronwall’s Inequality
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Kompozit malzemeler, iki veya daha fazla farkli malzemenin bir araya getirilmesiyle
olusturulan ve tek basina kullanilan malzemelere kiyasla daha iistiin 6zellikler sunmasi
beklenen muhendislik malzemeleridir. Sadece malzemelerin bir araya gelmesi yeterli
olmayip geleneksel malzemelerin alternatifi olacak sekilde daha avantajli performans
sergilemeleri gerekmektedir. Ozellikle cekme, basma, egilme gibi deneysel ¢alismalarda
mekanik ozelliklerin belirgin bir sekilde tistiinliik gostermesi beklenir. Sektorel olarak ele
alindiginda; savunma sanayi, havacilik, uzay araglari, deniz araglari, otomotiv sanayi, insaat,
miihendislik, endiistriyel tesisler, tekstil, tip ve medikal uygulamalar kompozitlerin siklikla
tercih edildigi alanlardir. Geleneksel malzemelerin zamanla performans ihtiyaglarin
karsilamakta yetersiz kalmasi ve lretim maliyetlerinin yiiksek olmasindan dolayr bu
alanlarda kullanilmaktadirlar. Ayrica; kompozit malzemeler kimyasal, korozyon ve darbe
dayanimlarmin yiksek olmasimin yaninda hafiflik, bakim kolayligi, ekonomiklik gibi Ustln
Ozelliklere sahiptirler. Kompozitlerin (retiminde; elle yatirma, prepreg, vakum infuizyon,
eklemeli imalat gibi gesitli yontemler kullanilmaktadir. Degisen ekolojik, sosyolojik ve
eckonomik sartlar; bilim insanlarini ve arastirmacilari  yeni kaynaklar bulmaya
yonlendirmektedir. Bu arastirma egilimi; dogadaki kaynaklarin ve enerjinin sinirsiz
olmamasindan kaynaklanmaktadir.

Hem geleneksel malzemelerin hem de kompozitlerin avantajlarinin yetersiz kaldigi
durumlarda yeni nesil malzemelerin gelismesine zemin hazirlamig ve boylelikle yeni bir
arastirma ve uygulama alanm1 dogmustur. Bu kapsamda ortaya c¢ikan “Fonksiyonel
Derecelendirilmis Kompozitler”; uzay araglar1 ve uydu génderme calismalar1 kapsaminda
atmosfere dayanikli termal bariyerler sistemlerini gelistirmek amaciyla, ilk olarak
Japonya’da yapilan ¢alismalarla ortaya ¢ikmistir. Calismalarda, yiiksek sicaklik, basing gibi
fiziksel kosullara daha dayanikli, geleneksel kompozitlerden daha Gstiin malzemeler
gelistirilmistir. Bu dogrultuda fonksiyonel olarak geometrisi ve Olgiileri degistirilebilir
cekirdeklere sahip sandvig yapilar olusturulmustur.
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Bu sandvi¢ yapilar, fonksiyonel derecelendirilmis kompozitlerin 6nemli uygulama
alanlarindan biridir. Bu yapilarda ¢ekirdek kismi; dairesel, tiggen, dortgen, konik veya bal
petegi geometrilerinde tasarlanabilmektedir. Cekirdek ve yiizey tabakalar1 genellikle
kompozit malzemelerden olugmakta olup, malzeme Ozellikleri kontrollii bir sekilde
degistirilebilinmektedir. Geleneksel kompozitlerden temel farki; bilesenlerinin oransal
dagilimmin kontrolli bir sekilde degisimiyle alakalidir. Dolaysiyla bu kompozitler,
kompozit malzemenin, bilesimi, yapist veya mikroyapisinin bir yon boyunca kademeli
olarak degistigi ileri miihendislik malzemeleridir. Toz metalurjisi, santriftj dokim, termal
sprey kaplama, eklemeli imalat, elektroforez biriktirme, elle yatirma, prepreg ve katmanli
Uretim gibi yoéntemlerle Uretilmektedirler. Fonksiyonel derecelendirilmis kompozitler
gelisen teknoloji ile termal bariyer uygulamalari, havacilik ve uzay sanayi, endiistriyel
tesisler, boru hatlari, insai faaliyetler, tip ve medikal uygulamalar gibi alanlarda kendine
genis bir yer bulmustur. Fonksiyonel derecelendirilmis kompozit malzemelerin mekanik
ozellikleri; geleneksel malzemeler ve geleneksel kompozitlere gore farkliliklar
gostermektedirler. Egilme, kayma, ¢cekme, basma gibi bircok o6zelligin tespiti amaciyla
yapilan deneysel faaliyetler ve arastirmalar kiimiilatif olarak gelisme gdstermektedir.

Bu ¢alismada, fonksiyonel derecelendirilmis cam elyaf takviyeli sandvi¢ kompozit yapilarin
spesifik bir alan olan basma davranisi {lizerine arastirma yapilmistir. Basma davranisi,
malzemelerin statik yik altinda gosterdigi mekanik ozelliklerin belirlenmesi agisindan
onemli bir parametredir. Bu kapsamda basma mukavemeti, akma dayanimi, elastisite
modiilii ve sekil degistirme davranislar1 degerlendirilmektedir. Basma deneyleri sonucunda
numunelerde eksenel yirtilma, kayma hasari, kirilma ve burkulma gibi hasar tiirleri
gozlemlenebilmektedir. Yapilan calismalar, fonksiyonel derecelendirilmis sandvig
kompozitlerde dis tabaka, c¢ekirdek yapist ve nano katkilarin kontrollii sekilde
degistirilmesiyle mekanik performansin 6nemli Olc¢lide artirilabildigini gostermektedir.
Ozellikle bu tir kompozitlerde burkulma yiiklerinin, plato gerilimlerinin ve enerji emme
kapasitesinin arttig1; buna bagli olarak daha kontrollii ve kademeli hasar mekanizmalarinin
olustugu belirlenmistir. Fonksiyonel olarak derecelendirilmis cam elyaf takviyeli sandvig
kompozitlerde; 6zel tasarimlarla, malzemelerin ve ¢ekirdek yapilarinin oransal degisimi ile
birlikte optimizasyon c¢aligmalar1 6n plana ¢ikmistir. Basma performansini etkileyen temel
Ozellikler arasinda; elyaf tipi; cam elyaf, hibrit, dogal elyaflar, ¢ekirdek derecelendirme
profili; dis katman kalinligi, arayiizey yapismasi ve ¢ekirdek mimarisi, yani balpetegi, oluk
ve koplk dolgulu yapilar yer almaktadir. Basma oOzelliklerinde goézlemlenen gelisim
kompozit mithendisliginde 6nemli bir ilerlemeyi temsil etmektedir. Dogru tasarimlarla,
enerji emilimi ve yuk tasima kapasitesi agisindan geleneksel yapilardan daha iyi performans
gostermislerdir. Bu durum onlart zorlu yapisal uygulamalar i¢in son derece cazip hale
getirmektedir.

Sonug olarak, bu ¢alisma kapsaminda sandvi¢ kompozitlerin basma davranislari incelenmis
ve elde edilen bulgularin gelecekte yapilacak proje, deneysel ¢alismalar ve Ar-Ge faaliyetleri
i¢in altyap1 olusturmasi amaglanmustir.

Anahtar Kelimeler: Sandvi¢ Kompozit; Basma Davranisi; Fonksiyonel Derecelendirilmis;
Cam Fiber; Polimer Matris.
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ABSTRACT

Composite materials are engineering materials created by combining two or more different
materials, and are expected to offer superior properties compared to materials used
individually. Simply combining materials is not enough; they must exhibit more
advantageous performance as an alternative to traditional materials. In particular,
experimental studies involving tensile, compressive, and flexural tests are expected to show
a significant advantage in mechanical properties. In terms of sectors, composites are
frequently preferred in the defense industry, aerospace, spacecraft, marine vessels,
automotive industry, construction, engineering, industrial facilities, textiles, and medical
applications. They are used in these areas because traditional materials have become
insufficient to meet performance requirements over time and their production costs are high.
Furthermore, composite materials possess superior properties such as high chemical,
corrosion, and impact resistance, as well as lightness, ease of maintenance, and economic
efficiency. Various methods are used in the production of composites, including hand lay-
up, prepreg, vacuum infusion, and additive manufacturing. Changing ecological,
sociological, and economic conditions are driving scientists and researchers to find new
resources. This research trend stems from the fact that natural resources and energy are not
limitless.

The inadequacy of both traditional materials and composites has paved the way for the
development of next-generation materials, thus creating a new field of research and
application. "Functionally Graded Composites,” which emerged within this context, first
appeared in Japan, developed to create heat-resistant thermal barrier systems for spacecraft
and satellite launch projects. These studies resulted in the development of materials superior
to traditional composites, offering greater resistance to high temperatures, pressures, and
other physical conditions. Accordingly, sandwich structures with functionally adjustable
cores in terms of geometry and dimensions were created.

One of the important application areas of functionally graded composites is sandwich
structures. In these structures, the core can be designed in circular, triangular, quadrilateral,
conical, or honeycomb geometries. The core and surface layers are generally composed of
composite materials, and their material properties can be modified in a controlled manner.
The fundamental difference from traditional composites lies in the controlled change in the
proportional distribution of their components. Functionally graded composites are advanced
engineering materials in which the composition, structure, or microstructure of the
composite material changes gradually along one direction. They can be produced using
methods such as powder metallurgy, centrifugal casting, thermal spray coating, additive
manufacturing, electrophoresis deposition, hand lay-up, prepreg, and layered manufacturing.
With advancing technology, functionally graded composites have found widespread use in
fields such as thermal barrier applications, aerospace industry, industrial facilities, pipelines,
construction activities, and medical applications. The mechanical properties of functionally
graded composite materials differ from those of traditional materials and traditional
composites. Experimental activities and research aimed at determining many properties such
as bending, shearing, tension, and compression are cumulatively developing.

This study investigates the compressive behavior of functionally graded glass fiber
reinforced sandwich composite structures, a specific area of research. Compressive behavior
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is a crucial parameter for determining the mechanical properties of materials under static
load. In this context, compressive strength, yield strength, modulus of elasticity, and
deformation behavior are evaluated. Compression tests reveal various types of damage,
including axial tearing, shear damage, fracture, and buckling. Studies show that mechanical
performance in functionally graded sandwich composites can be significantly improved by
controlled modifications of the outer layer, core structure, and nano-additives. Specifically,
it has been determined that buckling loads, plateau stresses, and energy absorption capacity
increase in these composites, leading to more controlled and gradual damage mechanisms.
Optimization studies involving proportional changes in materials and core structures through
special designs have come to the forefront in functionally graded glass fiber reinforced
sandwich composites. Key properties affecting compressive performance include fiber type
(glass fiber, hybrid, natural fibers) and core grading profile. The factors considered include
outer layer thickness, interfacial adhesion, and core architecture, namely honeycomb,
groove, and foam-filled structures. The observed improvement in compressive properties
represents a significant advance in composite engineering. With proper designs, they have
demonstrated better performance than conventional structures in terms of energy absorption
and load-carrying capacity. This makes them highly attractive for demanding structural
applications.

In conclusion, this study investigated the compressive behavior of sandwich composites, and
the aim was to provide a foundation for future projects, experimental studies, and R&D
activities based on the findings obtained.

Keywords: Sandwich Composite; Compressive Behavior; Functionally Graded; Glass Fiber;
Polymer Matrix.
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Biyoklimatik tasarimin temeli, enerji tiiketimi ve CO2 salinimini minimum diizeyde tutan
geleneksel mimarinin tasarim parametrelerine dayanmaktadir. Geleneksel mimari, zaman
icinde deneme-yanilma yoluyla edinilen bilgi birikimleriyle farkli parametrelere gore
sekillenmistir. Bu parametreler iklim, yer sekilleri, erisilebilir malzeme, cografi konum, sosyal,
kiltirel ve ekonomik durum seklinde siralanabilir. Geleneksel mimarinin gevresel yonlerine
gore sekillenmesine olan ilgi, 1980'lerin basinda, dogayla uyumlu ve siirdiiriilebilir mimari
arayistyla artmistir. Gilincel arastirmalar, modern siirdiiriilebilir bina tasarimina uyarlanabilmesi
icin geleneksel konutlardaki pasif sogutma ve 1sitma tekniklerinin belirlenmesi ve analizine
odaklanmaktadir. Geleneksel mimarideki pasif iklimlendirme stratejileri kullanildiklar1 6lgege
bagl olarak “yerlesim 6lgegi”, “bina 6lcegi”, “mekan Olgedi” ve “bina kabugu olgegi”nde
kullanilmislardir. Bina kabugu 6l¢egi, binanin dis kabugunda uygulanmais olan pencere 6l¢iileri,
golgeleme sistemleri, dis duvar bilesenleri, cat1 6zellikleri gibi bilesenleri igcermektedir. Bu
calismada Diyarbakir’in Dicle ilgesi Celebi Mahallesi, Cami Sokak’ta bulunan tarihi binalarin
bina kabugu 6l¢egindeki pasif tasarim stratejileri analiz edilmistir. Caligsma, alan arastirmalarina
dayanmaktadir. Dicle (38°22°, 40°04°), Diyarbakir merkeze yaklasik 92 km uzaklikta olup
rakim 972 m’dir. Daglik alanlarin baskin oldugu Dicle’de yagis orani Diyarbakir’in diger
ilgelerine gore daha yogun olup yazlar ¢ok sicak ve kurak, kislar ise cok soguktur. Yillik sicaklik
ortalamasi -4°C ile 37°C arasinda degiskenlik gostermektedir. Hakim riizgar yonii kuzeybatidir.
Geleneksel kent dokusu genellikle dag yamacina konumlanmis olup yap1 malzemesi olarak tas
kullanilmistir. Geleneksel mimarinin 6nemli bir boliimiiniin yok oldugu, ayakta kalan yapilarin
ise genellikle ciddi hasarlarla kars1 karsiya bulundugu tespit edilmistir. Calisma alaninda aktif
olarak incelenebilen bes farkli geleneksel Dicle evi ¢alisma kapsamina dahil edilmistir. Evler
Evl, Ev2,...Ev5 olarak kodlanmistir. Evler sirasiyla yaklasik olarak 940cm*890cm,
1100cm*1100cm, 800cm*800cm, 830cm*960cm ve 930*900cm olciilerindedir.

Evl kodlu ev, Ev2 kodlu ev ile bitisik nizamli olarak kuzeydogu-giineybat1 aksinda
konumlanmis olup kuzeydogu yoniinde kademeli bir plan tipolojisine sahiptir. Bina {i¢ odadan
olugmaktadir. Kuzey yoniindeki kademelenmenin soguk kis donemlerinde riizgarin dogrudan
i¢ mekana niifuz etme oranini azaltabilecegi diisiiniilmektedir. Ust értiisii toprak dam olan bina
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alinliginda yigma tas duvar olarak insa edilmistir. Binada giines radyasyonunun i¢

girisi lizerinde etkili olacagi diisiiniilen pencerelerin sayist ve Olgiileri minimum
diizeyde tutulmustur. Binada 45cm*60cm ve 70cm*110cm oOlgiilerinde iki adet pencere
bulunmaktadir. Ayrica pencerelerin dogrudan gilines radyasyonundan etkilenme diizeyini
azaltabilecegi diisiiniilen pencere kapaklar: kullanilmistir.

Kare planli bir yapiya sahip Ev2’de toplam 4 pencere bulunurken bunlardan bir tanesi dogrudan
kapimnin istiinde bulunmaktadir. Farkli 6l¢iilerde olan pencerelerin 6lgiilerinin 45cm*45cm,
80cm*110cm, 120cm*120cm ve 20*30cm oldugu belirlenmistir. Yigma tas duvar olarak inga
edilen bina, tek katli olup kat yiiksekligi 300cm’dir. Bina, toplam dort odadan olusmaktadir.
Kuzeydogu giineybati aksinda konumlanan Ev3’e yonelik yapilan analizlerde evin bitisik
nizam olarak inga edildigi belirlenmistir. Yerden 60cm yiikseklikte yigma tas duvar olarak insa
edilen bina iki kathdir. Yapinin zemin kati ahir olarak tasarlanmis olup bu tasarimin 6zellikle
soguk kis donemlerinde i¢ mekan 1sitmasinda aktif rol alabilecegi diisiintilmektedir. Bina dis
kabugunda 80cm*210cm Olgiilerindeki kapi disinda 150cm*140cm  ve 110cm*90cm
Olctilerinde iki adet pencere bulunmaktadir. Kuzeydogu giineybati aksinda konumlanan Ev 4
diger yap1 6rneklerine benzer bigimde 60cm kalinligindaki yigma tag duvar olarak inga edilmis
olup iist Ortiisii topraktir. Bina dis cephesinde 80*190cm olgiilerinde bir kap1 ve 45cm*50cm
ve 60cm*30cm oOlgiilerinde iki adet pencere agikligi belirlenmistir. Ev5 ise iki katli olup alt kat1
ahir olarak insa edilmistir. 60-70cm kalinliginda y1igma tag duvar olarak insa edilen bina kuzey-
giiney yonlinde konumlanmigtir. Farkli 6l¢iilerde dort pencere ile dis ortama agilan evde,
pencere Olciileri sirasiyla 60cm*50cm, 80cm*80cm, 110cm*160cm ve 100cm*150cm’dir.
Guney cephesindeki pencerelerde pencere kapaklart kullanilmigtir.

Calisma kapsaminda incelenen evlerin tamaminda pencere ve kapilarin bina dis yiizeyinden 40-
50cm igeride insa edildigi belirlenmistir. Ayrica pencerelerin bazilarinda pencere kapaklari
kullanilmistir. Bu ¢ozlimler Ozellikle giines radyasyonunun i¢ mekana niifuz etmesini
engelleyebilmektedir. Evlerin genellikle kuzeydogu-giineybat1 aksinda konumlanmasi, hakim
rliizgar yoniinden yararlanip giines radyasyonundan korunmaya yonelik avantaj saglayacagi
diisiiniilmektedir. Incelenen evlerde, i¢ avlu kullanilmamis olup genellikle bina girislerinde 6n
bahce kullanimi mevcuttur. Bu durum avlunun baskin bir iklim diizenleyicisi olarak
kullanilmadigimi gostermektedir. Bina dis kabugunda agiklik sayis1 ve ol¢iilerinin minimum
diizeyde tutulmasi 6zellikle giines rasyasyonundan korunmada etkili olabilir. Binalarin tamami
60-70cm kalinhiginda yigma tas duvar olarak insa edilmis olup toprak dam ¢ati Ortiisiine
sahiptir. Duvarm kalin ve geleneksel malzemeden insa edilmis olmasi yalitim saglarken damin
toprak olarak insa edilmesi yalitimin yani sira giines radyasyonunun emilimini ve toprak ile
sogutma agisindan avantajlidir. Evlerin tamaminin bitisik nizam olarak insa edilmis olmasi1 da
ayrica yalitim diizeyinin arttirilmasinda 6nemli bir avantaj olarak tanimlanabilir.

Sonug¢ olarak Dicle geleneksel evlerinin bina dis kabugu Olgeginde, oOzellikle giines
radyasyonundan korunmaya yonelik énlemler alindig: sdylenebilir.

Anahtar Kelimeler: Geleneksel mimari, Strdurdlebilirlik, Pasif tasarim stratejileri, Dicle
geleneksel evleri

ABSTRACT
The evolution of traditional architecture is characterised by a process of experimentation and

refinement, influenced by the prevailing climatic and geographical conditions of the respective
region. The application of traditional architectural principles in the field of sustainable building
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:onstllgd%élsl\gagiétr)llzﬁtgr'%%ga‘)(}rof knowledge to which practitioners must attend. The
study aims to identify passive design strategies in traditional architecture located in the
Dicle district of Diyarbakir. While the general design criteria of the houses were also examined
within the scope of the study, the primary focus was on the building envelope. The research is
based on fieldwork. The present study involved the examination of five houses, which were
selected to represent traditional Dicle homes. The examined houses were found to be
predominantly constructed with a rubble stone wall system measuring 60—70 cm in thickness,
and the majority featured earthen roofs. The structures were found to have been erected along
a northeast-southwest axis, albeit at different angles. It is hypothesised that the primary
objective of the construction was not solely to provide protection against solar radiation, but
also to exploit the prevailing winds. The analysis revealed that windows and doors were set
back between 40 and 50 centimetres from the facade, and that window shutters were employed
in select window apertures. It is hypothesised that the primary function of this arrangement was
to provide protection from solar radiation. In the case of two-storey houses, the first storey is
often employed as a barn, a practice which has been shown to be an effective method of passive
heating, particularly during the winter months.

In conclusion, it is evident that the design of the building envelope in traditional Dicle houses
is shaped in a climate-responsive manner. The architectural features of the building, including
its thick stone walls, earthen roofs, and the arrangement of the rooms in rows, can be identified
as bioclimatic design elements. These features have the capacity to be adapted to modern
architectural practices.

Keywords: Traditional architecture, Sustainability, Passsive design strategies, Dicle
Traditional houses
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Gilintimiizde kentler, benzeri goriilmemis hareketlilik, demografik degisimler ve artan niifus
yogunluguyla karakterize edilmektedir. Kiiresel krizler, ekonomik esitsizlikler, iklim
degisikligi ve jeopolitik catismalar nedeniyle milyonlarca insan yerinden edilirken, kentler goc,
mlteci entegrasyonu, sosyo-ekonomik ve kiiltiirel agidan yasama zorluklarinin tartisildigi kilit
alanlar haline gelmistir. Bu baglamda, kentsel planlama sadece imar, altyap1 gelistirme ve arazi
kullanim diizenlemesinin teknik bir uygulamasi degil, ayn1 zamanda toplumlarin aitligini,
dislanmighigini ve kentsel doku iginde mekansal esitligin nasil dagitildigini belirleyen siyasi ve
sosyal uygulamadir. Dolayisiyla bu arastirma, zenofobi ve kozmopolit kentlerin planlama
modellerinde mdiltecilerin ve gé¢menlerin entegrasyonuyla ilgili yapisal iligkilere odaklanan
karsilastirmali bir analiz sunmaktadir.

Miiltecileri ve gd¢cmenleri barindiramayan sehirler genellikle izole, heterojen veya zenofobi
(yabanci diismani) olarak tanimlanmaktadir. Buna karsin, farkli demografik gruplar1 absorbe
etme ve biitiinlestirme kapasitesine sahip sehirler, “welcoming, kutsal, kiiresel, ¢ok kiiltiirli”
veya “kozmopolit” sehirler olarak adlandirilmaktadir. Zenofobi; sehirlerin demografik, yapi
kalitesi, hizmet kalitesi ve ekonomik diizey ag¢isindan farklilik gosteren bolgelere boliinmesine
yol acan, ekonomik, sosyal ve kiltirel krizlere neden olan ciddi bir sorun kabul edilmektedir.
Neil Smith'in "intikam sehir" kavrami, yoksullar ve gog¢menler de dahil olmak {izere
marjinallestirilmis gruplart hedef alan 20. yiizyilin sonlarindaki kent politikalarini
vurgulamakta; bu topluluklar kentsel bozulma ve ekonomik degisikliklerden haksiz yere
sorumlu tutulmaktadir. Bu nedenle miilteci ve go¢menlerin kente entegrasyonlari, yasanabilir
kentlerin olusumunda biiyiik rol oynamaktadir.

Zenofobi veya dislayicilik iceren sehirlerde kisitlayict konut ve ulasim politikalari gibi fiziksel
engeller yeni gelen miilteciler ve kent yoksullar1 da dahil olmak {izere savunmasiz niifuslari
izole etmek i¢in siklikla kullanilmaktadir. Bu smirlama odakli yaklasimin bir Ornegi,
Almanya'nin Hamburg kentinde gortlmektedir. Buradaki giclu yerel muhalefet ve yasal

224



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

engeller, sehir planlamacilarin1 miiltecileri uzak sanayi bolgelerine veya marjinallestirilmis
mahallelere yerlestirmeye zorlamis, bu durum yapisal olarak kiiltiirlerarasi temasi sinirlamis ve
mekansal dislanmay1 daha da kétiilestirmistir.

Ote yandan, kozmopolit sehirler sosyal uyumu ve kapsayiciligi tesvik eden yapili gevreler
tasarlamaktadir.Kentsel planlamada kozmopolit sehir, ¢esitlilik ve birarada yasama kurallarinin
gelisimi ile karakterize edilmekte olup, kamusal alanlarin kapsayici hale getirilmesini, etkin
konut politikalarinin  uygulanmasinm1  ve erisilebilir ulagim aglarinin  olusturulmasini
icermektedir. Temas teorisine dayanan bir uygulama olan kapsayici imar planlamasi ve
demokratiklestirilmis kamusal alanlar, farkli gruplar arasinda anlamli giinliik etkilesimleri
kolaylastirmaktadir. Viyana gibi sehirler, yiiksek kaliteli konutlar1 temel bir yurttaglik hakki
olarak ele alarak, evrensel sosyal konut modellerini uygulayan, multecileri gegici yukler yerine
aktif yurttas ortaklari olarak goren entegrasyon merkezlerini kullanan bu kapsayici anlayisi
orneklemektedir. Kolombiya'nin Medellin kentinde “sosyal sehircilik" uygulanarak, birinci
sinif mimari yatirnmlar ve Metrocable gibi yenilik¢i toplu tasima sistemleri dogrudan en yoksul
mahallelere yonlendirilerek oldukg¢a ayrismis bir cografyadan gecis saglanmistir. Benzer
sekilde, Giiney Afrika'nin Johannesburg kenti, Apartheid'den miras kalan kat1 irksal ayrimlari
fiziksel olarak kapatmak amaciyla toplu tasima odakli kalkinmayi kullanarak "Ozgurluk
koridorlar1" girisimine baglamistir.

Kozmopolit bir ¢ergeveye gecis, bir sehrin asil sakinleri i¢in kalicit faydalar sunmaktadir.
Dislayici yayilmayi azaltarak, halk saghigimni ve yerel altyapiyr gelistirirken ¢evresel etkiyi en
aza indiren yogun ve yiirime mesafesinde mahalleler olusturmaktadir. Kiiltiirel cesitliligi
benimsemek, kiiresel yatirimlart ¢eken, yeniligi tesvik eden ve tim nufusa yarar saglayan
direngli, birbirine bagh bir kent kimligi olugturan ekonomik bir katalizér gérevi gormektedir.

Entegrasyon politikalarinin basarisi ile dogrudan baglantili olan kaynaklarin mekansal dagilima,
kentsel formun sosyal sonuglarini belirlemede 6nemli bir faktordiir. Bu gergevede galismada
dislayict ve kati wrksal ayrimciliktan kozmopolit kapsayicilia basarili bir geg¢is yapmis
sehirlerdeki planlama anlayis1 arastirilmaktadir. Kolombiya'da Medellin, Giiney Afrika'da
Johannesburg ve Singapur gibi kentlerin doniigiimleri incelenerek, mekansal esitsizliklerin
ortadan kaldirilmasina iligskin bilgiler sunulmaktadir. Arastirmada, miilteci ve gogmenlerin
yani sira sehrin asil sakinlerine ve uzun siireli ikamet edenlerine kiiresel doniisiimlerin getirdigi
ekonomik, kiiltiirel ve kentsel faydalar degerlendirilmektedir. Caligma, zenofobi ve
kozmopolit sehirlerin kapsamli tanimlarmin incelenmesi, zenofobinin derecelerinin ve
tiirlerinin siiflandirilmasi, secilmis 6rneklerde kentsel planlamanin analizi ve kozmopolitlige
gecis yapmis sehirlerin 6zel deneyimlerinin incelenmesi yoluyla gerceklestirilmektedir.
Calisma sonuclarina gore, kentsel sosyoloji, mekansal ekonomi ve politika analizi
perspektifinden kozmopolit kent planlamasinin 21. yiizyilda siirdiiriilebilir, direngli ve
ekonomik olarak basarili kentler ingsa etmenin 6n kosulu oldugu goriilmektedir.

Anahtar Kelimeler: Planlama; Multeci; Gégmen; Kent Sosyolojisi.
ABSTRACT
Today, cities are characterized by unprecedented mobility, demographic shifts, and increasing

population density. With millions displaced due to global crises, economic inequalities, climate
change, and geopolitical conflicts, cities have become key arenas where migration, refugee
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integration, and socioeconomic and cultural challenges are discussed. In this context, urban
planning is not merely a technical application of zoning, infrastructure development, and land-
use regulation, but also a political and social practice that determines the sense of belonging,
exclusion, and spatial equality of communities within the urban fabric.Therefore, this research
presents a comparative analysis of the structural relationships underlying the integration of
refugees and migrants in planning models for xenophobic and cosmopolitan cities.

Cities that cannot accommodate refugees and migrants are often called isolated, heterogeneous,
or xenophobic. On the other side, cities that have the capacity to absorb and integrate different
demographic groups are called “welcoming, sanctuary, global, multicultural,” or
“cosmopolitan” cities. Xenophobia is considered a serious problem that leads to the division of
cities into regions differing in terms of demographics, building quality, service quality, and
economic level, causing economic, social, and cultural crises.The integration of refugees and
migrants into cities plays a crucial role in creating livable urban environments. Neil Smith's
concept of the "revenge city" highlights late 20th-century urban policies that targeted
marginalized groups, including the poor and immigrants, who were unfairly held responsible
for urban decay and economic change. Therefore, the integration of refugees and immigrants
into the city plays a significant role in creating livable cities.

In xenophobic or exclusionary cities, physical barriers such as restrictive housing and
transportation policies are often used to isolate vulnerable populations, including newly arrived
refugees and urban poor. An example of this restriction-focused approach is seen in Hamburg,
Germany. Strong local opposition and legal obstacles forced city planners to relocate refugees
to remote industrial areas or marginalized neighborhoods, structurally limiting intercultural
contact and exacerbating spatial exclusion. On the other hand, cosmopolitan cities design built
environments that promote social cohesion and inclusion. In urban planning, the cosmopolitan
city is characterized by the development of rules of diversity and coexistence, involving the
inclusiveness of public spaces, the implementation of effective housing policies, and the
creation of accessible transportation networks. Inclusive zoning planning and democratized
public spaces, an application based on contact theory, facilitate meaningful daily interactions
between different groups. Cities like Vienna exemplify this inclusive approach, treating high-
quality housing as a fundamental civic right, implementing universal social housing models,
and utilizing integration centers that view refugees as active civic partners rather than temporary
burdens. In Medellin, Colombia, "social urbanism" has been implemented, with world-class
architectural investments and innovative public transport systems like Metrocable directly
reaching the poorest neighborhoods, facilitating a transition from a highly segregated
landscape. Similarly, Johannesburg, South Africa, has initiated "freedom corridors™ using
public transport-focused development to physically close the rigid racial divides inherited from
Apartheid.

A shift to a cosmopolitan framework offers lasting benefits for a city's original inhabitants. It
creates dense, walkable neighborhoods that minimize environmental impact while reducing
exclusionary sprawl and improving public health and local infrastructure. Embracing cultural
diversity acts as an economic catalyst, creating a resilient, interconnected urban identity that
attracts global investment, fosters innovation, and benefits the entire population.

The distribution of resources within a city is closely tied to the effectiveness of integration
policies, which significantly impact the social outcomes of urban development. This study
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examines how cities have successfully transitioned from exclusionary racial segregation to
inclusive, cosmopolitan communities. By exploring the transformations in cities such as
Medellin in Colombia, Johannesburg in South Africa, and Singapore, the research highlights
strategies for eliminating spatial inequalities. It also evaluates the economic, cultural, and urban
benefits that these global transformations bring not only to refugees and migrants but also to
the original residents and long-term inhabitants of the city. This study examines comprehensive
definitions of xenophobia and cosmopolitan cities, classifies the degrees and types of
xenophobia, analyzes urban planning in selected examples, and investigates the specific
experiences of cities that have transitioned to cosmopolitanism. The study concludes that, from
the perspectives of urban sociology, spatial economics, and policy analysis, cosmopolitan urban
planning is a prerequisite for building sustainable, resilient, and economically successful cities
in the 21st century.

Keywords: Planning; Refugee; Migrant; Urban Sociology.
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Metal bazli nanopartikiiller, yiiksek yiizey alan1 ve 6zgiin fizikokimyasal 6zellikleri nedeniyle
mikroorganizmalarla etkilesimleri acisindan son yillarda yogun ilgi géren nanomalzemeler
arasinda yer almaktadir. Ozellikle nikel ve bakir nanopartikiillerinin bakteriyel hiicreler
uzerindeki etkilerinin ortaya konulmasi hem gevresel mikrobiyoloji hem de biyoteknolojik
uygulamalar agisindan 6nem tasgimaktadir. Bu ¢alismada nikel nanopartikiilleri (Ni-NPs) ve
bakir nanopartikiillerinin (Cu-NPs) toprak kaynakli bakteriler iizerindeki antibakteriyel,
morfolojik ve biyokimyasal etkilerinin arastirilmast amaglanmistir. Caligmada toprak
orneklerinden izole edilen Serratia sp. (79 nolu susu) ve Enterobacter sp. (98) suslarin ve 16 s
rRNA analizi dahil tanimlamalar1 yapilmigtir. Nanopartikiillerin bakteriyel hiicreler tizerindeki
etkilerini degerlendirmek amaciyla farkli konsantrasyonlarda nanopartikiill uygulamalar
gerceklestirilmistir. Bu kapsamda Ni-NPs ve Cu-NPs i¢in 62.5, 125, 250, 500, 750, 1000, 1500,
2500 ve 3000 pg/mL konsantrasyon araliklari kullanilmistir. Spektrofotometrik ol¢timler
yapilarak, bu nanopartikiil konsantrasyonlarinda bakteri ¢ogalma inhibisyon egrileri elde
edilmistir. Ni nanopartikiillerinin 79 nolu susu i¢in MIC ve MBC degerleri sirasiyla 500 ve
1000 pg/mL iken, 98 numarali sus i¢in bu degerler 250 ve 500 pg/mL olarak tespit edilmistir.
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Cu nanopartikiillerinin 79 nolu bakteri susu i¢cin MIC ve MBC degerleri sirastyla 2500 ve 3000
pg/mL iken, 98 numarali sus i¢in bu degerler 2500 ve 3000 pg/mL olarak tespit edilmistir.
Ayrica, nanopartikiil uygulamalarinin hiicre canlilig1 iizerindeki etkileri de MTT testi ile
belirlenmis ve kontrol gruplar ile karsilastirilmistir MTT analiz sonuglari, NiNPs ve CuNPs
uygulamalarinin her iki Enterobacter susunda da doza bagli sitotoksik etki olusturdugunu
gostermistir. En yiiksek toksik etkinin 79 nolu susunda NiNPs uygulamasinda goézlendigi
(IC5=34.70 pg/mL), en diisiik toksik etkinin ise 98 nolu susunda NiNPs uygulamasinda
belirlendigi (ICs0=66.13 pg/mL) saptanmistir. Bulgular, 6zellikle NiNPs’in 79 nolu susu
tizerinde daha giiclii toksik etkiye sahip oldugunu ortaya koymustur.. Nanopartikillerin
hiicresel yapida olusturabilecegi morfolojik degisiklikler, Transmission Electron Microscopy
(TEM) kullanilarak incelenmistir. Nanopartikiil-hiicre etkilesimlerinin kimyasal diizeyde
ortaya konulabilmesi amaciyla Fourier Transform Infrared (FT-IR) spektroskopisi kullanilarak
hiicresel fonksiyonel gruplardaki degisimler analiz edilmistir. NiNPs ve CuNPs ile etkilesim
sonrasi, kontrol spektrumlariyla karsilastirildiginda hem Serratia sp. (79 nolu ) hem de
Bacteria-98 suslarinda belirgin FTIR pik kaymalar1 ve pik siddeti degisimleri gozlenmistir. O—
H/N-H, C-H, amid, karboksil ve polisakkaritlerle iligkili fonksiyonel gruplardaki degisimler,
nanopartikiillerin proteinler, lipitler ve polisakkaritler gibi bakteriyel hiicre duvari
biyomolekiilleri ile gli¢lii etkilesimler kurdugunu gostermektedir. Bu spektral degisiklikler,
nanopartikillerin bakteriyel membranda ve hiicresel bilesenlerde yapisal ve biyokimyasal
degisimlere neden oldugunu diisiindiirmektedir.

Bu ¢alisma ile Ni-NPs ve Cu-NPs nanopartikdllerinin toprak kdkenli Enterobacter (98 nolu) ve
Serratia sp. (79nolu) tiirleri tizerindeki etkilerinin farkli analiz yontemleri kullanilarak
degerlendirilmesi ve nanopartikiillerin bakteriyel hiicre yapisi ile biyolojik stiregler tizerindeki
potansiyel etkilerinin ortaya konulmasi hedeflenmektedir.

Anahtar Kelimeler: Nikel ve Bakir nanopartikiilleri; inhibiasyon; Enterobacter sp Serratia .;
MIC ve MBC; 16S rRNA; MTT; FTIR

ABSTRACT

Metal-based nanoparticles have attracted considerable attention in recent years due to their high
surface area and unique physicochemical properties, particularly regarding their interactions
with microorganisms. In particular, elucidating the effects of nickel nanoparticles (Ni-NPs) and
copper nanoparticles (Cu-NPs) on bacterial cells is of great importance for both environmental
microbiology and biotechnological applications. This study aimed to investigate the
antibacterial, morphological, and biochemical effects of Ni-NPs and Cu-NPs on soil-derived
bacteria.

In this study, soil-isolated bacterial strains, identified as Serratia sp. (strain 79) and
Enterobacter sp. (strain 98), were characterized, including identification by 16S rRNA analysis.
To evaluate the effects of nanoparticles on bacterial cells, nanoparticle treatments were applied
at different concentrations. For both Ni-NPs and Cu-NPs, concentration ranges of 62.5, 125,
250, 500, 750, 1000, 1500, 2500, and 3000 pg/mL were used. Bacterial growth inhibition curves
were obtained through spectrophotometric measurements at these nanoparticle concentrations.
The MIC and MBC values of Ni-NPs for strain 79 were determined as 500 and 1000 pg/mL,
respectively, whereas these values were found to be 250 and 500 pg/mL for strain 98. For Cu-

229



Dicle Universitesi - 4. Uluslararasi Fen Bilimleri Lisansiistii Arastirmalar Sempozyumu,
12-14 Mayis 2026, Diyarbakir

NPs, the MIC and MBC values for strain 79 were determined as 2500 and 3000 pg/mL,
respectively, while the same values were also obtained for strain 98.

In addition, the effects of nanoparticle applications on cell viability were evaluated using the
MTT assay and compared with control groups. The MTT analysis demonstrated that both Ni-
NPs and Cu-NPs induced dose-dependent cytotoxic effects in both bacterial strains. The highest
toxic effect was observed in Serratia sp. (strain 79) treated with Ni-NPs (ICso = 34.70 pg/mL),
whereas the lowest toxic effect was detected in strain 98 treated with Ni-NPs (ICso = 66.13
pg/mL). These findings revealed that Ni-NPs exerted a stronger toxic effect, particularly on
strain 79

Morphological alterations caused by nanoparticles at the cellular level were examined using
Transmission Electron Microscopy (TEM). Furthermore, Fourier Transform Infrared (FT-IR)
spectroscopy was employed to analyze changes in cellular functional groups in order to reveal
nanoparticle—cell interactions at the chemical level. Compared with the control spectra, both
strain 79 and strain 98 exhibited significant FTIR peak shifts and intensity variations following
interaction with Ni-NPs and Cu-NPs. Alterations observed in O-H/N-H, C-H, amide,
carboxyl, and polysaccharide-related functional groups indicated strong interactions between
nanoparticles and bacterial cell wall biomolecules such as proteins, lipids, and polysaccharides.
These spectral modifications suggest that nanoparticles induced structural and biochemical
alterations in the bacterial membrane and cellular components.

Overall, this study aimed to evaluate the effects of Ni-NPs and Cu-NPs on soil-derived Serratia
sp. (strain 79) and Enterobacter sp. (strain 98), using different analytical approaches and to
reveal the potential impacts of nanoparticles on bacterial cell structure and biological processes.

Keywords: Nickel and Copper Nanoparticles; Inhibition, Enterobacter sp; Serratia .; MIC and
MBC, 16S rRNA; MTT, FTIR
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Transfer hidrojen reaksiyonlari ¢oklu baglarin, hidrojen gazindan baska organik veya anorganik
sunucudan hidrojen katilmasiyla indirgenmesi olarak bilinir. Transfer hidrojenasyon tepkimesi
hidrojenasyon organik sentez alaninda kullanilan en temel reaksiyonlardan biridir. Transfer
hidrojenasyonu fotokimyasal veya katalitik olarak gerceklesebilir. Proton vericisi olarak iso-
PrOH’un kullanildig1 bir hidrojen transfer reaksiyonu c¢evre agisindan zararli madde
kullanilmamas1 ve yiliksek basing kosullar1 altinda caligma sistemine sahip olmamasi gibi
nedenlerden dolay1 olduk¢a avantajlidir [1]. Ru katalizorleri kullanilarak gergeklestirilen
transfer hidrojenleme reaksiyonlar1 aromatik veya alifatitik ketonlar1 ikincil alkollere
doniistiirmek i¢in yaygin olarak kullanilmaktadir. Ru katalizli transfer hidrojenleme
reaksiyonlart molekiiler hidrojenasyona gore 1liman reaksiyon kosullari ve diisiik toksisite gibi
avantajlart nedeniyle farmasotik ara iriinlerin, dogal tiriinlerin, fonksiyonel materyallerin ve
biyomolekiillerin sentezinde yaygin olarak kullanilmaktadir [2].
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Bu calismada kiitlece farkli yiizdelerde (25, 35 ve 45 mg) BD-g-C3Ns (2D) malzemeler
hazirlandi. Daha sonra kiil firininda gergeklesen 11l asindirma ve HNO3-H>SO;4 (3:1) ile asit
parcalama islemlerinden sonra nanoseritler (1D) elde edilerek kiitlece farkli oranlarda Ru(0)
nanopargaciklar monometalik olarak 1slak emdirme ve kimyasal indirgeme yontemiyle
hazirlandi. Ru@BD-g-C3N4 nanoseritler transfer hidrojenasyon reaksiyonlarinda Kkatalitik
etkinligi ve fotokatalitik etkinligi incelendi. Hazirlanan malzemelerin yapisal 6zellikleri SEM-
EDS, TEM, BET ve FT-IR yontemleri ile incelendi.

Anahtar Kelimeler: Nanoserit; Fotokataliz; Transfer hidrojenasyonu; Rutenyum

ABSTRACT

Transfer hydrogen reactions are known as reduction of multiple bonds by the addition of
hydrogen from an organic or inorganic source other than hydrogen gas. Transfer hydrogenation
is one of the most fundamental reactions used in the field of organic synthesis. Transfer
hydrogenation can occur photochemically or catalytically. A hydrogen transfer reaction using
iso-PrOH as a proton donor is quite advantageous due to the absence of harmful substances and
the lack of a high-pressure operating system [1]. Transfer hydrogenation reactions carried out
using Ru catalysts are widely used to convert aromatic or alifatitic ketones into secondary
alcohols. Due to their advantages such as milder reaction conditions and low toxicity compared
to molecular hydrogenation, Ru-catalyzed transfer hydrogenation reactions are widely used in
the synthesis of pharmaceutical intermediates, natural products, functional materials, and
biomolecules [2].

In this study, BD-g-CsN4 (2D) materials were prepared at different mass percentages (25, 35
and 45 mq). Then, after photo-etching in an ash furnace and acid lysis with HNO3-H2SO4 (3:1),
nanostrips (1D) were obtained, and Ru(0) nanoparticles were prepared as monometallic by wet
impregnation and reduction method. The photocatalytic activity of Ru@BD-g-CzN4 nanostrips
in transfer hydrogenation reactions was investigated under visible light. The structural
properties of the prepared materials were investigated by SEM-EDS, TEM, BET, and FT-IR
methods.

Keywords: Nanoribbon; Photocatalysis; Transfer hydrogenation; Ruthenium.

Bu c¢alisma, Dicle Universitesi Bilimsel Arastirma Projeleri Koordinatorligii tarafindan
FEN.26.015 numarali proje kapsaminda finanse edilmistir.
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Grafitik karbon nitriir (g-CsNa), gevresel iyilestirme ve enerji doniisiimii uygulamalarindaki
potansiyeli nedeniyle yogun ilgi goérmektedir. Tipik organik Kkirleticilere kars1 adsorpsiyon
kapasitesi ve fotokatalitik bozunma performansini artirmaya yonelik caligmalar, g-CsNa’{in
yapisal 6zelliklerinin kritik rol oynadigimi ortaya koymustur. Ugiinciil azot ile birbirine bagl
tri-s-triazin grafitik karbon nitriir, benzersiz fotofiziksel ozellikleri (Eg=2.7 eV), gbdzenekli
yapisi, kimyasal saglamlig1 ve i¢sel katalitik 6zellikleri nedeniyle umut vadeden bir malzeme
olarak ortaya ¢ikmistir[1]. Mevcut grafitik karbon nitriir bazli malzemelerin sinirlamalarini
gidermek amaciyla tasarlanmis benzen doped grafitik karbon nitriir katalizoriiniin kolay bir
sentez yontemini sunmaktadir. Benzen katkisi sadece elektronik yapiyr zenginlestirmekle
kalmaz, ayn1 zamanda fotokataliz i¢in elverisli ek aktif bolgeler de sunar. Benzen, karbon nitriir
cercevesine konjuge m-elektronlar ekleyerek elektronik iletkenligini artirir ve fotokataliz
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sirasinda yiik transferini kolaylastirir[2]. Nanoribbons (nanoserit), genisligi nanometre
Olceginde (genellikle 1-50 nm arasi), uzunlugu ise ¢ok daha biiyiik olan, serit seklindeki bir
boyutlu (1D) nanoyapilardir. Rodamin B (RhB), yaygin olarak kullanilan katyonik bazik ve
antrakinon grubuna ait bir organic boyadir. Bu boyanin {irettigi atik su, yiiksek renk yogunlugu,
zor biyokimyasal bozunma ve yiiksek organik kirletici konsantrasyonu biiyiik bir ¢evre sorunu
olarak ortaya ¢ikmaktadir[3].

Bu c¢alismada, farkli miktarlarda (25, 35 ve 45 mg) phloroglucinol iireye eklenerek benzen
doped grafitik karbon nitriir (BD-g-CsNa4), termal polimerizasyon yontemi ile sentezlendi.
Sentezlenen benzen doped grafitik karbon nitriirden yola gikarak nanoseritler iiretildi. Uretilen
nanoseritlere farkli agirlikta metal nanopargagiklar katkilanarak Rodamin B organik boyar
maddesinin fotokatalitik degredasyonunda kullamldi. Uretilen nanoserit malzemelerin SEM-
EDX, TEM, FTIR ve BET analizleri gerceklestirildi.

Anahtar Kelimeler: Fotokataliz, Benzen Doped grafitic karbon nitriir(BD-g-C3N4, Rodamin
B(RhB)

ABSTRACT

Graphitic carbon nitride (g-CsNa) is attracting considerable attention due to its potential in
environmental remediation and energy conversion applications. Studies aimed at improving its
adsorption capacity and photocatalytic degradation performance against typical organic
pollutants have revealed that the structural properties of g-CsNa4 play a critical role. Tri-s-
triazine graphitic carbon nitride, linked to tertiary nitrogen, has emerged as a promising material
due to its unique photophysical properties (Eg=2.7 eV), porous structure, chemical stability,
and intrinsic catalytic properties[1]. This presents a simple synthesis method for a benzene-
doped graphitic carbon nitride catalyst designed to overcome the limitations of existing
graphitic carbon nitride-based materials. Benzene doping not only enriches the electronic
structure but also provides additional active sites favorable for photocatalysis. Benzene
enhances the electronic conductivity of the carbon nitride framework by adding conjugated n-
electrons, facilitating charge transfer during photocatalysis[2]. Nanoribbons are one-
dimensional (1D) nanostructures in the form of ribbons, with a width on the nanometer scale
(usually between 1-50 nm) and a much larger length. Rhodamine B (RhB) is a commonly used
cationic basic and anthraquinone group organic dye. The wastewater produced by this dye
presents a major environmental problem due to its high color intensity, difficult biochemical
degradation, and high organic pollutant concentration [3].

In this study, benzene-doped graphitic carbon nitride (BD-g-CsNa4) was synthesized by thermal
polymerization after adding different amounts (25, 35, and 45 mg) of phloroglucinol to urea.
Nanostrips were produced from the synthesized benzene-doped graphitic carbon nitride. Metal
nanoparticles of different weights were added to the produced nanostrips and used in the

234



Dicle University — 4th I nternational Symposium on Graduate Researchesin Science,
12-14 May 2026, Diyarbakir

photocatalytic degradation of the organic dye Rhodamine B. SEM-EDX, TEM, FTIR, and BET
analyses were performed on the produced nanostrip materials.

Keywords: Photocatalysis, Benzene Doped graphitic carbon nitride (BD-g-C3N4), Rhodamine
B(RhB)
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Fotokataliz, gilines enerjisinden yararlanarak ¢evre iyilestirme alaninda umut verici
sirdiiriilebilir bir yaklasim sunmaktadir ve son elli yilda bu alandaki c¢alismalar bilim
diinyasinda biiyiik ilgi gérmistiir. Tekstil atik sularindaki en toksik boyalardan biri, yiiksek
stabilitesi ve biyolojik olarak parcalanamaz olmasi nedeniyle tekstil endiistrisinde tekstil boyasi
olarak genis bir degere sahip olan Rodamin B(RhB)’dir. RhB boyasi, hayvanlarda ve insanlarda
gelisimsel ve simiilasyon toksisitesi gdosteren, solunum yolu enfeksiyonuna, deri ve
gastrointestinal sistem tahrisine ve gdz enfeksiyonuna neden olan kanserojen ve ndrotoksik bir
boya olarak simiflandirilmistir [1]. Grafitik karbon nitriir, iiglinciil aminler araciligiyla
baglanmis 2 boyutlu bir tri-s-triazin tabakasi olan polimerik yapidir[2]. Benzen halkasi, karbon
elementlerinin halka benzeri bir tiirevi ve yap1 olarak en ¢ok triazininkine benzer olamdir.
Tamamen karbon aromatik Ozellikleri nedeniyle, benzen halkas1 daha yiiksek delokalize
elektronik ozelliklere sahiptir. g-C3N4 heptazin iskeletinin benzen halkalariyla kismi ikamesi,
lokalize simetri kirilmasi yoluyla yapisal dalgalanmaya neden olacak ve boylece saf g-C3Na4’e
gore elektronik konfigiirasyonu degistirecektir[3]. Nanoyapilar, erime noktalari, elektriksel ve
termal iletkenlikleri, 151k absorpsiyon ve sacilma ozellikleri, optik hassasiyet, fotokatalitik
aktivite ve 1slatilabilirlik gibi ayarlanabilir fizikokimyasal 6zellikleri sayesinde teknolojik
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gelismelerde On plana ¢ikmis ve bu da onlarin bulk yapilarina gére 6nemli 6l¢iide daha iyi
performans gostermelerine neden olmustur[4]. Nanoyapilar i¢inde yer alan nanoseritler 50
nm’den daha kiiciik dar diizlemsel yapilardir. Son zamanlarda sentez yontemi oldukga basit
olan yariiletken malzemelerin kullanim1 artmistir. Bunlar arasinda benzen halkasi katkilanmis
g-C3N4 (BD-g-C3N4) nanoseritlerin kullanimi da 6nemli 6lglide artmistir.

Bu calismada, ilk kez Rodamin B degradasyonunda kullanilmak {izere m-elektron
konjugasyonun arttirildig: kiitlece farkli oranlarda (25, 35 ve 45 mg) benzen halkasi katkilanmis
g-C3Ny nanoserit malzemeler hazirlanarak farkli oranlarda monometalik Co(0) katkilandi.
Uretilen nanoserit malzemelerin SEM-EDX, TEM, FTIR ve BET analizleri gerceklestirildi.

Anahtar Kelimeler: Fotokataliz; Nanoserit; Rodamin B; Nanopar¢acik.
ABSTRACT

Photocatalysis holds a significant place in wastewater treatment due to its ease of application,
high efficiency, repeatability, and non-toxicity. Photocatalysis offers a promising sustainable
approach in environmental remediation by utilizing solar energy, and studies in this field have
attracted great interest in the scientific community over the last fifty years. One of the most
toxic dyes in textile wastewater is Rhodamine B (RhB), which has a wide value as a textile dye
in the textile industry due to its high stability and non-biodegradability. RhB dye has been
classified as a carcinogenic and neurotoxic dye that exhibits developmental and simulation
toxicity in animals and humans, causing respiratory tract infection, skin and gastrointestinal
irritation and eye infection[1]. Graphitic carbon nitride is a polymeric structure consisting of a
2-dimensional tri-s-triazine layer linked via tertiary amines[2]. The benzene ring is a ring-like
derivative of carbon elements and is structurally most similar to that of triazine. Due to its
purely carbon aromatic properties, the benzene ring has higher delocalized electronic
properties. Partial substitution of the g-C3N4 heptazine skeleton with benzene rings will cause
structural fluctuation through localized symmetry breaking, thus altering the electronic
configuration compared to pure g-C3N4[3]. Nanostructures have come to the forefront in
technological advancements thanks to their tunable physicochemical properties such as melting
points, electrical and thermal conductivity, light absorption and scattering properties, optical
sensitivity, photocatalytic activity and wettability, which has led to them performing
significantly better than bulk structures[4]. Nanoribbons, which are part of nanostructures, are
narrow planar structures smaller than 50 nm. Recently, the use of semiconductor materials with
relatively simple synthesis methods has increased. Among these, the use of benzene ring-doped
g-C3N4 (BD-g-C3N4) nanoribbons has also increased significantly.

In this study, for the first time, benzene ring-doped g-C3N4 nanoribbon materials with increased
n-electron conjugation at different mass ratios (25, 35 and 45 mg) were prepared for use in
Rhodamine B degradation and doped with different ratios of monometallic Co(0). SEM-EDX,
TEM, FTIR, and BET analyses were performed.

Keywords: Photocatalysis; Nanoribbon; Rhodamine B; Nanoparticle.
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07/
Kimyasal sensorler, kimyasal bir olayi elektriksel veya optik bir sinyale doniistiiren cihazlardir.
Bu grubun bir alt sinifi olan elektrokimyasal sensorler ise belirli bir analitin varligini, derisimini
veya miktarini belirleyen teknolojik aletlerdir. Bu sensorlerin her gegen giin daha hizli ve segici
cevaplar olusturabilen gelismis Orneklerinin ortaya koyulmasi amaglanmaktadir. En az bir
boyutu 1 ila 100 nanometre araliginda olan ve ileri teknoloji malzemeleri olarak tanimlanabilen
nanomalzemeler, etkili fiziksel ve kimyasal ozellikleri sayesinde elektrokimyasal sensor
tiretiminde tercih edilen 6nemli yapilardir[1]. Grafitik karbon nitriir (g-C3N4), elektrokimyasal
sensorler alaninda gelecek vaat eden bir 2D malzeme olarak biiyiik ilgi gérmiistiir. Bu malzeme,
cok cesitli analitlerin saptanmasinda ekonomik ve toksik olmayan bir elektrot malzemesi gérevi
gorebilen bir polimerik matris icerir. g-C3Ns’iin metal katkisi, elde edilen elektrotun
elektrokimyasal olarak aktif ylizey alanini artirir; bu da elektrot kinetigini énemli 6l¢iide
gelistirme ve katalitik aktiviteyi giliclendirme potansiyeline sahiptir[2]. Yiiksek katalitik
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aktivite, yiiksek elektriksel iletkenlik, hidrofilik yapiya sahip olma gibi {stiin 6zellikleri
sayesinde 1T fazindaki (metalik faz) MoS: molekiilleri, yaygin sekilde kullanilan iki boyutlu
malzemeler arasinda yer almaktadir[3]. MoS, malzemesinin kuantum noktalar1 ise, gelismis
algilama teknolojileri i¢in umut vaat eden adaylardir; ¢linkii belirli analitlere hizli ve segici bir
sekilde tepki verebilirler[4].

Bu ¢alismada, farkli kiitle oranlarinda (%0.25, %0.35 ve %0.45) BD-g-C3N4 (2D) ve g-C3N4
(2D) sentezlendi. Bu sentezlenen yapilardan, 1T-MoS2 QDs (0D) (%1, %3, %5 ve %7 agirlikga)
kullanilarak heteroeklem yapilar hazirlandi. Bu heteroeklem yapilar kullanilarak tenofovir
tespiti icin elektrokimyasal sensorler hazirlandi. Uretilen sensorlerin elektrokimyasal olarak
karakterize edilmesi icin, elektroaktif yiizey alanlar1 hesaplandi ve her sensoriin Nyquist grafigi
kaydedildi. Hazirlanan 2D ve 0D yapilar i¢in ayr1 ayr1 yapilan elektrokimyasal dl¢timlerde, en
1yi aktivitenin BD-g-C3Ns (%0.35)’te oldugu gdzlemlendi. Bu sonucglara dayanarak, BD-g-
C3N4 (%0.35)/1T-MoS2 QDs farkli agirlik oranlarinda (%1, %3, %5 ve %7) hazirlandi ve en
1yi aktivitenin BD-g-C3N4(%0.35)/1T-MoS2 QDs (%5)’te oldugu goézlemlendi. Bu heteroeklem
yap1 agirlikga farkli yiizdelerde (%0.25, %0.50, %1.00, %2.00) Ag(0) metali ile katkiland1 ve
en iyi aktivite Ag(%0.25)@BD-g-C3Ns (%0.35)/1T-MoS2 QDs (%5) heteroeklem yapida
gbzlemlendi.

Anahtar Kelimeler: Elektrokimyasal sensor, Heteroeklem; Nanomalzeme,; 1T-MoS>

ABSTRACT

Chemical sensors are devices that convert a chemical event into an electrical or optical signal.
Electrochemical sensors, a subclass of this group, are technological instruments that determine
the presence, concentration, or quantity of a specific analyte. The aim is to develop more
advanced examples of these sensors that can generate faster and more selective responses every
day. Nanomaterials, which have at least one dimension in the range of 1 to 100 nanometers and
can be defined as advanced technology materials, are important structures preferred in the
production of electrochemical sensors due to their effective physical and chemical
properties[1]. Graphitic carbon nitride (g-C3N4) has attracted great interest as a promising 2D
material in the field of electrochemical sensors. This material contains a polymeric matrix that
can serve as an economical and non-toxic electrode material in the detection of a wide variety
of analytes. Metal doping of g-C3N4 increases the electrochemically active surface area of the
resulting electrode; this has the potential to significantly improve electrode kinetics and enhance
catalytic activity[2]. MoS> molecules in the 1T phase (metallic phase) are among the widely
used two-dimensional materials thanks to their superior properties such as high catalytic
activity, high electrical conductivity and hydrophilic structure[3]. Quantum dots of MoS:
material are promising candidates for advanced sensing technologies because they can respond
quickly and selectively to specific analytes[4].

In this study, BD-g-C3N4 (2D) and g-C3N4 (2D) were synthesized at different mass ratios
(0.25%, 0.35%, and 0.45%). Heterojunction structures were prepared from these synthesized
structures using 1T-MoS> QDs (0D) (1%, 3%, 5%, and 7% by weight). Electrochemical sensors
for tenofovir detection were prepared using these heterojunction structures. To
electrochemically characterize the produced sensors, the electroactive surface areas were
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calculated, and the Nyquist plot of each sensor was recorded. In the electrochemical
measurements performed separately for the prepared 2D and 0D structures, the best activity
was observed in BD-g-C3N4 (0.35%). Based on these results, BD-g-C3N4 (0.35%)/1T-MoS»
QDs were prepared at different weight ratios (1%, 3%, 5% and 7%), and the best activity was
observed in BD-g-C3N4(0.35%)/1T-MoS2 QDs(5%). This heterojunction structure was doped
with Ag(0) metal at different weight percentages (0.25%, 0.50%, 1.00%, 2.00%), and the best
activity was observed in the Ag(0.25%)@BD-g-C3Ns (0.35%)/1T-MoS> QDs (5%)
heterojunction structure.

Keywords: Electrochemical sensor; Heterojunction, Nanomaterial, 1T-MoS:
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0z

Gastrointestinal hastaliklar 6nemli bir halk sagligi sorunudur. Erken teshis edilmediginde ciddi
komplikasyonlara yol a¢abilmektedir. Bu hastaliklarin tespitinde endoskopik yontemler hayati
bir rol oynamaktadir ancak geleneksel endoskopik yontemler daha ¢ok operatériin deneyimine
baghdir. Literatiirde, kiigiik boyutlu veya yuzeysel lezyonlarin gézden kagirilabildigi ve bu
durumun tanisal dogrulugu olumsuz etkileyebildigi gosterilmistir. Bu baglamda, insan
faktoriine bagli degiskenligi azaltacak destekleyici teknolojilere duyulan ihtiya¢ giderek
artmaktadir. Tan1 dogrulugunu arttirma noktasinda 6zellikle son yillarda yapay zeka ve derin
O0grenme yontemlerinin gelismesiyle birlikte tibbi goriintiileme alaninda 6nemli ilerlemeler
kaydedilmistir.

Derin 6grenme yapay zekanin bir alt alan1 olup ¢ok katmanli sinir aglar1 vasitasiyla biiytik veri
setlerinden otomatik olarak anlamli 6zellikler ¢ikarabilmektedir. Derin 6grenme tabanl
sistemler, Ozellikle kolorektal poliplerin tespiti ve siniflandirilmasinda yiiksek dogruluk
oranlarma ulagsmistir. Bunun yani sira, 6zofagus lezyonlar1 ve inflamatuvar bagirsak
hastaliklarinin degerlendirilmesinde de basarili sonuglar elde etmistir. Ger¢ek zamanli ¢alisan
modeller, endoskopi sirasinda es zamanli analiz yaparak klinisyene anhik geri bildirim
sunabilmektedir. Derin 0grenme teknikleri gastrointestinal endoskopide tani dogrulugunu
artiran ve klinik karar destek sistemlerinin gelisimine katki saglayan giiclii araglar olarak 6ne
cikmaktadir. Elde edilen bulgular, yapay zeka destekli sistemlerin gastrointestinal hastaliklarin
tanisinda giiclii bir yardimci arag¢ oldugunu ortaya koymaktadir. Bu sistemler, 6zellikle operator
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bagimliligim1 azaltarak tani silirecinde standardizasyon saglamaktadir. Gelecekte bu
teknolojilerin daha seffaf, giivenilir ve genellenebilir hale gelmesiyle birlikte rutin klinik
uygulamalarda daha yaygin sekilde kullanilacagi 6ngoriilmektedir.

Deneysel calismalarimizda kaggle platformunda halka agik Kvasir veri seti kullanilmistir.
Gastrointestinal endoskopik goriintiilerden olusan veri seti bilgisayar destekli tan1 ve otomatik
hastalik tespiti iizerinde arastirmayr miimkiin kilmak i¢in tasarlanmstir. Cesitli lezyonlar ve
hastaliklar acisindan 8000 goriintii igermektedir. Goriintiiler yiiksek ¢oziintirliiklii endoskopiler
kullanilarak elde edilmistir. Veri seti 8 siniftan olusmaktadir: Ulseratif kolit, Boyanmis
yiikseltilmis polipler, Normal (cecum, z-line, pilorus), Ozofajit, Boyanmis rezeksiyon marjlart
ve polipler. Deneylerde veri setinin %80°1 egitim, %20’si test i¢in kullanilmistir. Degerlendirme
ol¢iitl olarak test dogrulugu, kesinlik, duyarlilik ve F1 skor degerleri kullanilmistir. Calismada
8 farkli transfer 6grenme tabanli model ile Slglimler gerceklestirilmistir. VGG16, VGG19,
ResNet50, DenseNet121, MobileNet, Xception, EfficientNetBO ve InceptionV3 modelleri
kullanilarak yapilan deneysel ¢alismalarda en yiiksek test dogrulugu EfficientNetBO ile elde
edilmistir. EfficientNetB0 ile %89.50 test dogrulugu, %89.69 kesinlik, %89.65 duyarlilik ve
%89.62 F1 skor bulunmustur. Elde edilen bulgular yapay zeka destekli derin 6grenme
modellerinin gastrointestinal hastaliklarin tanisinda giivenilir, etkili ve klinik karar siire¢lerini
destekleyici bir yaklasim sundugunu gostermektedir.

Anahtar Kelimeler: Gastrointestinal Hastaliklar; Derin Ogrenme; Endoskopik Gériintiileme;
EfficientNetBO

ABSTRACT

Gastrointestinal diseases constitute a significant public health problem. When not diagnosed
early, they can lead to serious complications. Endoscopic methods play a vital role in the
detection of these diseases; however, traditional endoscopic techniques largely depend on the
operator’s experience. The literature shows that small or superficial lesions may be overlooked,
which can negatively affect diagnostic accuracy. In this context, there is a growing need for
supportive technologies that reduce variability caused by human factors. In recent years,
significant advances have been achieved in the field of medical imaging, particularly with the
development of artificial intelligence and deep learning methods aimed at improving diagnostic
accuracy.

Deep learning is a subfield of artificial intelligence that can automatically extract meaningful
features from large datasets through multi-layered neural networks. Deep learning-based
systems have achieved high accuracy rates, especially in the detection and classification of
colorectal polyps. In addition, successful results have been obtained in the evaluation of
esophageal lesions and inflammatory bowel diseases. Real-time models can perform
simultaneous analysis during endoscopy and provide instant feedback to clinicians. Deep
learning techniques stand out as powerful tools that enhance diagnostic accuracy in
gastrointestinal endoscopy and contribute to the development of clinical decision support
systems. The findings indicate that Al-supported systems are strong auxiliary tools in the
diagnosis of gastrointestinal diseases. These systems provide standardization in the diagnostic
process, particularly by reducing operator dependency. In the future, as these technologies
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become more transparent, reliable, and generalizable, they are expected to be more widely
adopted in routine clinical practice.

In our experimental studies, the publicly available kvasir dataset from the kaggle platform was
used. This dataset, consisting of gastrointestinal endoscopic images, was designed to enable
research on computer-aided diagnosis and automatic disease detection. It contains 8,000 images
covering various lesions and diseases. The images were obtained using high-resolution
endoscopes. The dataset consists of eight classes: ulcerative colitis, dyed lifted polyps, normal
(cecum, z-line, pylorus), esophagitis, and dyed resection margins and polyps. In the
experiments, 80% of the dataset was used for training and 20% for testing. Evaluation metrics
included test accuracy, precision, recall, and F1-score. Measurements were conducted using
eight different transfer learning-based models. Among the experimental studies carried out
using VGG16, VGG19, ResNet50, DenseNet121, MobileNet, Xception, EfficientNetB0, and
InceptionV3 models, the highest test accuracy was achieved with EfficientNetBO. With
EfficientNetBO0, a test accuracy of 89.50%, precision of 89.69%, recall of 89.65%, and an F1-
score of 89.62% were obtained. The findings demonstrate that Al-supported deep learning
models provide a reliable and effective approach in the diagnosis of gastrointestinal diseases
and support clinical decision-making processes.

Keywords: Gastrointestinal Diseases; Deep Learning; Endoscopic Imaging; EfficientNetBO
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Tiirkiye’de 2010 sonrasinda hiz kazanan yeni stadyum {iretimi, bu ¢alismada stadyum ile kent
arasindaki iligskinin baska bir 6l¢ek, isleyis ve kullanim mantig1 i¢cinde yeniden kurulmasi olarak
ele alinmaktadir. Cumbhuriyet déneminin 6nemli bir bolumunde kent merkezlerinde
konumlanan stadyumlar, cevrelerindeki mahallelerle, yaya hareketleriyle ve gindelik kentsel
ritimlerle belirli bir siireklilik i¢inde ¢alisiyordu (Bican, 2009; Korkmaz, 2007). Bu yapilar,
yalnizca mag giinlerinde dolan tesisler degil, kent icindeki dolagim aglarma eklemlenen ve
cevresindeki yasamla farkli yogunluklarda temas kurabilen kamusal odaklar olarak da islev
gorebiliyordu (YYaman, 2025). Son donemde insa edilen stadyumlar ise daha genis parseller,
daha diisiik yogunluklu g¢evreler ve arag¢ erisimine dayali aglar i¢cinde ortaya cikmaktadir
(Eyiiboglu, 2024). Bu doniisiim ¢ogu kez dogrudan bir kayip anlatisi iginde okunmaktadir
(Eyiiboglu, 2024; Ulke, 2023; Yaman, 2025). Oysa bu ¢alisma, meseleyi yalnizca stadyumlarin
merkezden ¢epere tasinmasi ya da baglamdan kopmasi iizerinden tartismamaktadir. Asil soru,
bu kopusun ardindan nasil bir 6zerklik kuruldugu, yani stadyumun kendi erisim, dolagim,
lojistik ve kullanim diizenini ne 6l¢lide bagimsiz bicimde orgiitledigi ve bu 6zerkligin hangi
programatik igerikle, yani hangi islevler ve kullanim cesitliligiyle, kentsel olarak nasil
dolduruldugudur.

Bu nedenle c¢alisma, Tiirkiye’de 2010-2025 arasinda iiretilen yeni stadyumlar1 Rem
Koolhaas’in Bigness kavrami (Koolhaas vd., 1998) {izerinden yeniden diistinmeyi
6nermektedir. Bigness, burada biiyiik yapinin fiziksel 6lgiisiinii tarif eden bir terim degil,
Olcegin belirli bir esigi astiginda yapinin baglam, dolasim, altyapi ve kullanim mantigiyla
kurdugu iligskiyi doniistliren bir kavramsal ara¢ olarak kullanilmaktadir. Koolhaas i¢in biiytlik
yapt, eski kentsel slireklilik rejimlerine geri donmez. Kendi lojistigini, kendi i¢
organizasyonunu ve kendi isleyis ritmini kurar. Bu yiizden biiyiik yapinin baglamdan kopmasi,
tek basina bir basarisizlik gostergesi degildir. Kritik olan, bu kopusun ardindan nasil bir i¢
yogunluk ve kentsel canlilik iiretildigidir. I¢ yogunluk, burada yapinin yalnizca mag giinlerinde
degil, farkli zamanlarda farkli kullanicilar1 ve etkinlikleri bir araya getirebilme kapasitesi
anlaminda kullanilmaktadir. Kentsel canlilik ise bu kullanim ¢esitliliginin stadyum g¢evresinde
giindelik hareketlilik, karsilagsma ve siireklilik liretebilme giiciinii ifade etmektedir. Bigness bu
acidan, biiylik yapinin kentten ayrigmasini degil, ayrismanin ardindan ne {irettigini sorgulamay1
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miimkiin kilar. Boylece kavram, stadyumun sadece nerede konumlandigini degil, kent i¢inde
dolasimi, kullanimi, karsilasmalar1 ve farkli iglevleri orgiitleyen bir kentsel aygit olarak nasil
calistigini da tartismaya acar.

Bu ¢ercevede aragtirmanin temel sorusu sudur: Tiirkiye’deki yeni stadyumlar, biiytikliiklerinin
vaat ettigi Ozerkligi hangi kentsel ve programatik igerikle doldurmaktadir? Bu soruya bagl
olarak calisma ii¢ meseleye odaklanmaktadir. ilk olarak, yeni stadyumlarin yer secimi ve erigim
rejimleri, yani yaya, toplu tasima, 6zel arag, servis ve otopark baglantilar1 hangi yerlesim,
ulasim ve kullanim kararlar1 izerinden kurulmaktadir? Kamu miilkiyetinin yogunlastig1 biiyiik
alanlar, plan degisikligini kolaylastiran kararlar ve genis parsel mantigi, bu yerlesim modelinde
nasil bir rol oynamaktadir? Ikinci olarak, bu yapilar kentle hangi tiir hareketlilik iliskileri
kurmaktadir? Yaya erisimi, toplu tasima baglantilari, 6zel ara¢ bagimlilig1 ve ¢evresindeki
yapili dokuyla temas bicimleri nasil islemektedir? Uciincii olarak, bu stadyumlarin ig
organizasyonu ve kullanim ritmi, kabugun biiyiikliigiiyle uyumlu bir programatik yogunluk
tiretmekte midir? Yoksa yapi, Koolhaas’in kavramsallastirmasiyla blyik bir kentsel konteyner
olmasina ragmen haftanin sinirli zamanlarinda etkinlesen, geri kalan siirede ise diisiik
yogunluklu ve tek islevli bir bosluk olarak mi1 kalmaktadir? Arastirma tam da bu sorular
tizerinden, dlgek ile igerik arasindaki gerilimi goriiniir kilmay1 amaglamaktadir.

Calismanin temel hipotezi, Tirkiye’deki yeni stadyumlarin Bigness’in baglamdan kopus
mantigini  benimsedigi, ancak onun vaat ettigi karmasikligi ve melezligi yeterince
tiretemedigidir. Bu yapilarda biiyiik kabuk, giiclii bir kentsel ve programatik yogunlugun
tastyicist haline gelmekten ¢ok, ¢ogu durumda futbol etkinligi etrafinda daralan bir isleyise
hapsolmaktadir. Kongre, ticaret, konaklama, kamusal programlar ya da farkli zamanlarda farkli
topluluklar1 ¢ekebilecek karma kullanimlar yeterince gelismediginde, yap1 6l¢eginin sundugu
potansiyel tam olarak isletilememektedir. Boyle durumlarda stadyum, metropolii i¢ine ¢ekip
yogunlastiran bir kentsel jeneratdr olmaktan ¢ok, kendi i¢ine kapanan ve haftalik dongiilerle
calisan biiylik bir spor nesnesine doniigmektedir. Baska bir deyisle sorun, biiyiikliigiin
kendisinde degil, bu biiyiikliiglin hangi icerikle dolduruldugunda ve nasil isletildiginde
yatmaktadir.

Bu tartisma, yeni stadyumlarin dis goriiniisii ile i¢ performansi arasindaki mesafeyi de yeniden
diistinmeyi gerektirir. Tiirkiye orneklerinde takim renkleriyle aydinlatilan cepheler, yerel
simgeler tasiyan catilar ya da gorsel olarak giiclii kabuklar, yapiya yliksek bir sembolik
goriiniirlik kazandirmaktadir. Ancak bu kabugun ardinda yer alan program ¢ogu durumda
sinirlt kaldiginda, 6lgegin ve imgenin vaat ettigi metropolik yogunluk gerceklesmemektedir.
Bu durumda dis kabuk ile i¢ isleyis arasindaki ayrim, yaratici bir karmasikliktan ¢ok, mimarinin
sundugu bir vaat ile fiili performansi arasindaki mesafe olarak okunabilir. Yapinin disaridan
iistlendigi simgesel yiik ile i¢eride sundugu sinirl kullanim repertuvari arasindaki agiklik, bu
stadyumlar1 daha yakindan sorgulamay1 gerekli kilmaktadir.

Yontemsel olarak arastirma, secilmis stadyum oOrnekleri etrafinda gelistirilen niteliksel bir
mekansal analiz gercevesine dayanmaktadir. Haritalama, plan okumasi, erigsim verileri, gevresel
doku analizi ve program ¢oziimlemesi; stadyumun kent i¢indeki konumunu, ¢evresiyle kurdugu
iliskiyi, i¢ ve dis dolasim kurgusunu, farkli kullanici gruplarina ait akiglarin nasil ayristigini ve
yapinin mag giinii ile glindelik kullanim arasindaki ritmini ortaya koymak i¢in kullanilmaktadir.
Bu kapsamda, stadyumun i¢ ve ¢evre dolagiminin nasil orgiitlendigi; seyirci, servis, giivenlik,
lojistik, medya, VIP ve otopark akislarinin hangi mekéansal mantikla ayrigtirildigr 6zellikle
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incelenmektedir. Bu araglar, niceliksel bir siniflandirma tiretmek icin degil, 6lgegin yer se¢imi,
dolasim, kullanim ritmi ve programatik igerik lizerinden nasil isledigini gortintir kilmak i¢in
kullanilmaktadir. Boylece calisma, Tiirkiye’deki yeni stadyumlar1 periferiklik ya da merkezilik
ikiligine indirgemeden, biiyilk yapinin hangi kosullarda kentsel iiretkenlik ve canlilik
kazanabildigini; hangi kosullarda ise potansiyelini eksik kullanan bir kabuga doniistiiglinii
tartismaya agmaktadir. Bu dogrultuda stadyum, yalnizca spor etkinliginin barinagi olarak degil,
Olcek, ozerklik ve program iligkileri iizerinden kentsel yogunluk ve canlilik iiretebilen ya da
bunu basaramayan bir kentsel aygit olarak ele alinmaktadir.

Anahtar Kelimeler: Tiirkiye’de Stadyum Mimarisi; Bigness; Kentsel Ozerklik; Programatik
Yogunluk; Mekansal Analiz

ABSTRACT

This study examines the wave of stadium construction that accelerated in Turkey after 2010 as
a restructuring of the relationship between the stadium and the city through a different logic of
scale, operation, and use. For much of the Republican period, centrally located stadiums worked
in relative continuity with surrounding neighborhoods, pedestrian movement, and everyday
urban rhythms. Recent stadiums, by contrast, have largely emerged on larger plots, in lower-
density environments, and within access networks shaped primarily by the private car. Yet the
argument here does not reduce the issue to a simple narrative of loss caused by relocation from
the center to the periphery. Its central question concerns the kind of autonomy produced by this
break and the urban and programmatic content through which that autonomy is filled.

To address this question, the study mobilizes Rem Koolhaas’s concept of Bigness as an
interpretive framework. Here, Bigness does not refer merely to physical size. It names a
threshold at which scale transforms the building’s relation to context, circulation, infrastructure,
and patterns of use. In this sense, detachment from context is not, by itself, evidence of failure.
The critical issue is what forms of inner intensity, programmatic diversity, and metropolitan
productivity emerge after that detachment.

The study therefore asks what kind of urban and programmatic content fills the autonomy
promised by Turkey’s new stadiums. It focuses on three interconnected issues: the spatial logic
of site selection and access regimes, the forms of mobility and urban contact generated by these
structures, and the extent to which their internal organization and temporal rhythm produce a
density of use commensurate with the scale of the envelope. Its main hypothesis is that many
of these stadiums adopt the logic of Bigness as separation, but fail to realize the complexity and
hybridity that such scale might sustain. Rather than acting as urban generators, they often
remain large sports objects activated at limited times and under narrow programmatic
conditions. Methodologically, the research develops a qualitative spatial analysis based on
selected stadium cases, using mapping, plan reading, access data, contextual analysis, and
programmatic interpretation to trace how scale operates through site selection, circulation,
rhythms of use, and the relation between outer image and inner performance.

Keywords: Stadium architecture in Tarkiye; Bigness; Urban Autonomy; Programmatic
Intensity; Spatial Analysis
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Giivenlik, korunma ve aidiyet ihtiyact dogrultusunda, insan yasaminin temel
gereksinimlerinden biri olan barinma, ilkel donemlerde magaralar araciligiyla karsilanmais;
zamanla sinirlari belirli ve dis cevreden ayrigmis mekanlara gereksinim duymus, boylece duvar,
pencere gibi fiziksel elemanlarla tanimlanan ve giinliik yasam faaliyetlerinin siirdiiriilebildigi
mekanlar ortaya cikmistir (Herdem, 2021:55). Yalnizca bir korunma alani olmaktan ¢ikan
barinma pratigi yerlesik diizene gegis ile yerini mimari faaliyetlere birakmistir (Yalgin, 2021:6).
Bu gelisme, barinmanin zamanla daha Orgiitli ve tanimli yasam alanlarina evrildigini
gostermektedir.

Neolitik donemde gogebelikten yerlesik hayata ve avcilik-toplayiciliktan tarima gegisle birlikte
barmma ihtiyaci, genellikle kolayca terk edilebilen, gegici ve yuvarlak planl basit konutlarla
karsilanmistir (Acarkanli, 2020:3-4). Niifus artisiyla birlikte konut mimarisi degismis, yuvarlak
planli yapilar yerini dikdortgen planli, daha islevsel ve ¢ok kisinin kullanimina uygun evlere
birakmistir (Acarkanli, 2020, ss. 3-4). S6z konusu tipolojik doniisiim, yalnizca yap1 formunda
degil, ayn1 zamanda {iretim bigiminde de bir farklilasmaya isaret etmektedir.

Geleneksel ve ilkel toplumlarda mimari iiretim, toplumun biiytik kismi tarafindan (teknik bilgi
ve yapim yontemleri) bilinmekte, ¢cogu insan kendi konutunu insa edebilecek bilgi birikimine
sahip ve kusaklar boyunca aktarilan mekansal diizenlemelerin tamamen yeniden
kurgulanmasindan ziyade kii¢lik uyarlamalar ile kademeli degisimlerle siirdiiriilmesi seklinde
ilerlemis, mekansal ¢esitlilik ise biiylik 6l¢lide mevcut tiplerin farkli iklimsel, topografik ve
sosyo-kiiltiirel kosullara uyarlanmasi sonucunda ortaya ¢ikmistir (Rapoport, 1969:1-7). Bu
durum mimari iiretimin, uzun dénemler boyunca siireklilik gdsteren bir yapiya sahip oldugunu
ortaya koymaktadir.
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Ancak Sanayi Devrimi ile birlikte hiz kazanan kentlesme siireci, niifus artist ve gog
hareketlerinin etkisiyle konut tiretiminde 6nemli degisimlere neden olmus ve barinma problemi
ortaya ¢ikmistir (Herdem, 2021:58). Tiirkiye’de ise konut ihtiyacinin 6zellikle 1950’1i yillardan
sonra artis gdstermesinin sebeplerinden biri Ikinci Diinya Savasi sonrasi niifusun hizla artmasi
ve kentlere yasanan gocle kent i¢i niifusun artisidir (Balci1, 1988:300). Sehirlerde konut talebini
artiran bir diger unsur da genis aile yapisinin yerini ¢ekirdek aile yapisina birakmasidir (Balct,
1988:302).

Tirkiye genelinde gozlemlenen konut doniisiimii, Diyarbakir 6zelinde; kentin ilk yerlesim alani
olan Suri¢i’nde geleneksel konut dokusu hakimken, zamanla artan niifus ve go¢ hareketleri
sonucunda kontrolsiiz yapilasan bu alan yetersiz kalmis ve kentsel gelisim sur disina (Bigen,
2020:35) 1950’11 yillardan itibaren Yenisehir bolgesine dogru gelisim gostermistir (Bigen,
2020:41). Bu gelisim, kentsel biiylimenin hem yogunluk hem de yon agisindan degistigini
ortaya koymaktadir.

flerleyen siirecte kentin en fazla niifusuna sahip ikinci ilgesi olan Baglar (TUIK, 2025)
bolgesinde gecekondular ile baslayan kagak yapilasma, asansoriin kullanilmaya baglanmasi ve
betonarme teknolojisinin gelismesi ile 5-8 katli ‘apartkondu’ yapilagsmalart ortaya ¢ikmistir
(Giilsiin, 2024:29).

Kentlesmenin sur disina yonelmesinden sonra kentin gelisim yonii batiya kaymis, 1980°1i
yillardan sonra ise giiniimiizde Elazig ve Sanlwrfa bulvarlar1 arasinda kalan alanda
gerceklesmistir (Giilsiin, 2024:29-30). Son yillarda kentlesme kentin niifus yogunlugu fazla ve
en son yapilasan bolgelerinden biri olan Kayapmnar (TUIK, 2025) ilgesi ise kapali site
yerlesimlerinin yogun, gecekondu yerlesimlerinin az oldugu; havaalani, otogar, stadyum gibi
kentin nirengi noktalarinin bulundugu ve bircok ticari isletmenin yer aldigi bu bolgeye
kaymistir.

Bu mekéansal gelisim siireci yalnizca kentin fiziksel biiylimesiyle sinirli kalmamis, ayni
zamanda konut Olgceginde de 6nemli doniisiimleri beraberinde getirmistir. Degisen yasam
bigimleri, aile yapisindaki farklilasmalar ve kullanici ihtiyaglarinin ¢esitlenmesi, konut plan
semalarinda yeni mekansal diizenlemelerin ortaya c¢ikmasmma neden olmustur (Bigen,
2020:229). Giiniimiizde konutlarda misafir odalarina banyo, mutfak i¢ine oturma alani,
balkonun kapali veya agik diizenlemeleri, yatak odasina giyinme alani, mutfak ile baglantili
kizartma ve dondurucu odalari, ¢amasir odasi gibi yeni mekan tiirlerinin goriilmesi bu
dontigiimiin somut gostergeleri arasinda yer almakta ve konut kullanim bi¢imlerinin kullanici
odakli olarak sekillendigini ortaya koymaktadir.

Bu c¢aligma, Diyarbakir kentinde konut tipolojilerinin tarihsel siire¢ icerisindeki mekansal
dontigiimiinii, kullanic1 deneyimi ve mekan algisi ¢ercevesinde incelemeyi amaglamaktadir.
Aragtirma kapsaminda, kentin farkli donemlerdeki konut gelisimi literatlir taramasiyla
degerlendirilmis bu dogrultuda konut plan semalarinda meydana gelen mekansal degisimlerin
kullanici ihtiyaglar1 ve yasam pratigindeki doniisiim ile iligkili oldugu varsayilmistir. Alan
caligmalar1 ve fotografla belgeleme yoluyla mekansal veriler toplanmis ve kullanicilarla yapilan
anket calismasi ile giinliik yasam pratikleri, mekansal memnuniyet ve kullanici miidahaleleri
analiz edilmistir. Kullanim Sonras1 Degerlendirme (KSD) yontemi ¢ercevesinde anket verileri
SPSS istatistik programi kullanilarak analiz edilmis ve yorumlanmaistir.
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Calisma, Diyarbakir’daki konut tipolojilerinde ortaya ¢ikan plan semasi degisikliklerinin,
kullanicilarin mekan kullanimi, miidahale edilen alanlar ve yasam kalitesine etkisini bulmay1
hedeflemektedir. Bu baglamda, arastirma yalnizca fiziksel mekanlarin doniistimiinii degil, ayn
zamanda kullanic1 deneyiminin ve mekéansal tercihlerin konut tasarimina yansimalarini da
ortaya koymay1 ve gelecekteki konut tasarim ve planlama siireglerine kullanici odakhi
yaklasimlarin 6nemine dair bilgiler sunmay1 amaglamaktadir.

Bu c¢alisma kapsaminda elde edilen bulgular dogrultusunda, konut tasarim ve planlama
siireclerinde kullanict odakli yaklasimlarin daha etkin bir sekilde benimsenmesi gerektigi
diistiniilmektedir. Bu baglamda, konut {iretiminde, kullanicilarin degisen ihtiyaglarina uyum
saglayabilecek esnek ve doniistiiriilebilir mekan kurgularinin gelistirilmesi 6nerilmektedir.

Geleneksel genis aile yapisindan c¢ekirdek aileye gecis siireci, konut mekanlarinin
organizasyonunda Onemli degisimlere yol agmis ve bu doniisim mekanlarin kullanim
bicimlerini ve islevlerini de yeniden sekillendirmistir (Bigen, 2020:220). Bu baglamda,
kullanicilarin mekan iizerinde gergeklestirdigi bireysel tercihlerinin dikkate alinmasi ve tasarim
siirecine kullanict geri bildirimlerinin dahil edilmesi Onerilmektedir. Bu yaklasimin, daha
yasanabilir ve kiiltiirel agidan siirdiiriilebilir konut ¢evrelerinin olusturulmasina katki
saglayacag1 diisiiniilmektedir. Ayrica, kentsel dl¢ekte gelisen yeni konut alanlarinda sosyal
donatilarin, ag¢ik ve yar1 agik mekanlarin artirilmast saglanmalidir. Bu tiir mekéansal
diizenlemelerin, kullanicilarin sosyal etkilesimlerini destekleyecegi ve yasam kalitesini
artiracag diistiniilmektedir.

Anahtar Kelimeler: Konut Doniigiimii; Kullanici Deneyimi; Mekansal Degisim, Konut
Tipolojisi; Diyarbakir

ABSTRACT

Housing, as one of the fundamental needs of human life shaped by the requirements of security,
protection, and belonging, has undergone a significant transformation from primitive shelters
to organized and functionally defined living environments. With the transition from nomadic
to settled life, housing evolved into an architectural production process, and this transformation
accelerated with industrialization, urbanization, and technological advancements. Particularly
after the 1950s in Tiirkiye, rapid population growth, rural-to-urban migration, and the shift from
extended to nuclear family structures led to an increased demand for housing and substantial
changes in housing typologies.

In Diyarbakair, the traditional housing fabric concentrated in the Suri¢i area became insufficient
over time due to population growth and unplanned urbanization. Consequently, urban
development expanded beyond the city walls towards Yenisehir, Baglar, and more recently
Kayapinar, resulting in diverse housing forms ranging from traditional dwellings to gecekondu
settlements and multi-storey apartment buildings. This spatial transformation reflects not only
physical changes in the built environment but also evolving user needs, lifestyles, and socio-
cultural dynamics.

The main objective of this study is to examine the spatial transformation of housing typologies

in Diyarbakir within a historical framework, focusing on user experience and spatial perception.
The study assumes that changes in housing layouts are closely related to shifts in user needs
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and daily life practices. Within this context, the research methodology is based on a
combination of literature review, field observations, and photographic documentation. In
addition, user experiences, spatial satisfaction, and individual interventions were analyzed
through a questionnaire survey. The collected data were evaluated within the framework of the
Post-Occupancy Evaluation (POE) method and statistically analyzed using SPSS software, and
interpreted comparatively.

The findings reveal that contemporary housing layouts have evolved in response to changing
user expectations, incorporating new spatial arrangements such as en-suite rooms, integrated
living spaces, and additional functional areas. The study highlights the importance of user-
centered design approaches and suggests the development of flexible and adaptable housing
solutions. Furthermore, it emphasizes the necessity of integrating user feedback into the design
process and enhancing social and semi-open spaces in residential environments to improve
overall quality of life.

Keywords: Housing Transformation, User Experience; Spatial Change; Housing Typology;
Diyarbakir
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Bu c¢aligmada, tasima kapasitesi diisiik ve miihendislik 6zellikleri bakimindan yetersiz olan
yiiksek plastisiteli silt (MH) smifindaki zayif zeminlerin geoteknik performansinin,
endiistriyel bir yan {iriin olan atik mermer tozu ilavesiyle iyilestirilebilirligi deneysel olarak
aragtirtlmistir. Hizli kentlesme ve artan altyapr yatirimlari, insaat sektoriinii problemli
zeminlerle daha sik karsi karsiya birakmakta; bu durum ise asir1 oturma ve stabilite
problemleri gibi ciddi mihendislik risklerini beraberinde getirmektedir. Geleneksel zemin
lyilestirme yontemlerinde yaygin olarak kullanilan ¢imento ve kire¢ gibi baglayicilar,
yiiksek maliyetlerinin yani sira enerji yogun tiiretim siirecleri nedeniyle 6énemli miktarda
karbondioksit salimina yol acarak siirdiiriilebilirlik agisindan dezavantaj olusturmaktadir. Bu
nedenle, ¢evre dostu, ekonomik ve siirdiiriilebilir alternatif stabilizatorlerin arastirilmasi
giiniimiizde 6nemli bir gereklilik haline gelmistir.

Bu kapsamda, mermer igleme tesislerinden elde edilen atik mermer tozu; ince taneli yapisi
ve zengin mineralojik icerigi sayesinde potansiyel bir zemin iyilestirme katkis1 olarak
degerlendirilmistir. Caligmada kullanilan zemin numuneleri Diyarbakir merkezden temin
edilmis ve yapilan elek analizi ile kivam limitleri deneyleri sonucunda TS 1500 standardina
gore MH (yliksek plastisiteli silt) olarak siniflandirilmistir. Zemin 6rneklerine, kuru agirlik
esas alinarak %35, %10, %15 ve %20 oranlarinda mermer tozu ilave edilmis ve homojen
karisimlar elde edilmistir. Karigimlar {izerinde standart Proktor deneyleri uygulanarak
optimum su muhtevasi ve maksimum kuru birim hacim agirligi belirlenmis; ayrica kivam
limitleri deneyleri ile zeminin plastisite 6zelliklerindeki degisimler incelenmistir.

Elde edilen sonuglar, mermer tozu katkisinin zeminin plastisite 6zelliklerini belirgin sekilde
tyilestirdigini gostermektedir. Saf zemin i¢in likit limit 69.4, plastik limit 39.9 ve plastisite
indisi 29.5 olarak belirlenirken, mermer tozu oraninin artmastyla bu degerlerde diizenli bir
azalma gozlenmistir. %20 katki oraninda likit limit 58.9’a, plastik limit 36.1°e ve plastisite
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indisi 22.8’e diigmiistiir. Bu durum, mermer tozunun zeminin su tutma kapasitesini
azalttigin1 ve sisme potansiyelini 6nemli 6l¢iide diisiirdiigiinii ortaya koymaktadir.

Sikigsma ozellikleri agisindan degerlendirildiginde ise, mermer tozunun zemin igerisindeki
bosluklar1 doldurarak maksimum kuru birim hacim agirligini artirdigi belirlenmistir. Saf
zeminde optimum su muhtevast %27.58 ve maksimum kuru birim hacim agirligi 1.286
olarak olculiirken, %15 mermer tozu katkisi ile bu degerler sirasiyla %30.88 ve 1.36’ya
ulagsmistir. %20 katki oraninda ise maksimum kuru birim hacim agirliginda ilave bir artig
gozlenmemis, deger 1.36 seviyesinde sabit kalmistir. Bu sonug, %15 katki oraninin sikisma
Ozellikleri agisindan optimum deger oldugunu gostermektedir.

Sonug olarak, atik mermer tozunun yiiksek plastisiteli silt zeminlerin geoteknik 6zelliklerini
tyilestirmede etkili, ekonomik ve c¢evre dostu bir alternatif oldugu ortaya konmustur.
Ozellikle %15 katki oranmin hem miihendislik performans: hem de ekonomik verimlilik
acisindan optimum oldugu belirlenmistir. Bu calisma, endiistriyel atiklarin yeniden
kullanimima dayal1 siirdiiriilebilir zemin iyilestirme yaklagimlarina katki sunmakta ve
cevresel etkilerin azaltilmasi ile ingaat maliyetlerinin diisiiriilmesi agisindan 6nemli bir
¢Ozim 6nermektedir.

Anahtar Kelimeler: Zemin ILyilestirme; Atk Mermer Tozu,; Siirdiiriilebilirlik; Yiiksek
Plastisiteli Silt; Proctor Deneyi

ABSTRACT

This study experimentally investigates the improvement of the geotechnical performance of
weak soils classified as high-plasticity silt (MH), which exhibit low bearing capacity and
inadequate engineering properties, through the incorporation of industrial waste marble
powder. Rapid urbanization and large-scale infrastructure projects increasingly expose the
construction sector to problematic soils, leading to significant engineering risks such as
excessive settlement and stability issues. Conventional soil stabilization methods commonly
rely on binders such as cement and lime; however, these materials are associated with high
production costs and energy-intensive processes that result in substantial carbon dioxide
emissions, thereby negatively affecting sustainability. Consequently, the search for
environmentally friendly, cost-effective, and sustainable alternative stabilizers has become
a critical priority.

In this context, waste marble powder, a by-product of marble processing plants, has been
evaluated as a potential soil stabilizing agent due to its fine-grained structure and rich
mineralogical composition. Soil samples used in this study were obtained from the central
region of Diyarbakir and classified as MH (high-plasticity silt) according to TS 1500
standards based on sieve analysis and Atterberg limits tests. The soil was mixed with marble
powder at proportions of 5%, 10%, 15%, and 20% by dry weight to prepare homogeneous
mixtures. Standard Proctor compaction tests were conducted to determine the optimum
moisture content and maximum dry unit weight, while Atterberg limits tests were performed
to evaluate changes in the plasticity characteristics.

The results indicate that the addition of marble powder significantly improves the plasticity

properties of the soil. For the untreated soil, the liquid limit, plastic limit, and plasticity index
were determined as 69.4, 39.9, and 29.5, respectively. With increasing marble powder
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content, a systematic decrease in these values was observed. At a 20% addition level, the
liquid limit decreased to 58.9, the plastic limit to 36.1, and the plasticity index to 22.8. These
findings demonstrate that marble powder reduces the water retention capacity of the soil and
effectively minimizes swelling potential.

In terms of compaction characteristics, marble powder was found to fill the micro-voids
within the soil matrix, resulting in a noticeable increase in maximum dry unit weight. For
the untreated soil, the optimum moisture content and maximum dry unit weight were
determined as 27.58% and 1.286, respectively. With a 15% marble powder addition, these
values reached 30.88% and 1.36, representing the peak compaction performance. At 20%
addition, no further increase in maximum dry unit weight was observed, indicating a plateau
at 1.36. This suggests that 15% marble powder represents the optimum content in terms of
compaction performance.

In conclusion, waste marble powder has been demonstrated to be an effective, economical,
and environmentally friendly alternative for improving the geotechnical properties of high-
plasticity silt soils. The results indicate that a 15% addition level provides the optimal
balance between engineering performance and economic efficiency. This study contributes
to sustainable soil stabilization practices by promoting the reuse of industrial waste, thereby
reducing environmental impacts and lowering construction costs.

Keywords: Soil Improvement; Waste Marble Dust; Sustainability; High Plasticity Silt;
Proctor Test
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Universite kiitiiphaneleri; dgrencilerin, akademisyenlerin ve arastirmacilarin basili, gérsel ve
isitsel kaynaklara erisim sagladigi 6nemli yapilardir. Bu yapilar kaynaklara erisimin yani sira
kullanicilarin arastirma, 6grenme ve Uretim sureclerini destekleyen ve giinlimiizde bireylerin
sosyallesmesine de katki saglayan ¢ok yonlii mekanlara doniismiistiir. Bu doniisiim kiitiiphane
yapilarinda kullanici konforu ve mekénsal performansin 6nemini artirmakta fiziksel cevre
kosullarini kullanici konforu iizerindeki etkisini goriiniir kilmaktadir. Bu baglamda, kiitiiphane
mekanlarinin fizyolojik ve psikolojik konfor kosullarint saglamasi, kullanicilarin mekéni etkin
ve verimli bir sekilde kullanabilmesi agisindan énemlidir.

Bu ¢alisma Dicle Universitesi Ali Emiri Merkez Kiitiiphanesi ornegi iizerinden, kiitiiphane
yapilarinda kullanici konforunu mekansal performans kriterleri dogrultusunda degerlendirmeyi
amaclamaktadir. Calismanin temel amaci, farkli mekanlarin (¢aligma salonlari, koridorlar, 1slak
hacimler, kitaplik alanlari, bilgisayar ¢alisma alanlari ve idari birimler) kullanici konforu
tizerindeki etkisini analiz ederek, mevcut durumun giiclii ve zayif yonlerini ortaya koymak ve
tasarima yonelik iyilestirme Onerileri gelistirmektir.

Arastirmanin yontemini ilk agamada kapsamli bir literatiir taramasi olusturmaktadir. Ardindan
kiitliphane gorsel analiz ve fotograflama teknigi ile belgelenmistir. Gorsel analiz kapsaminda
kiitiphanenin mekansal organizasyonu ve fiziksel 6zellikleri analiz edilmistir. Bu dogrultuda
mekanlarin konforu ve kullanici performansina etkisi degerlendirilmistir. Kiitiiphane; ¢alisma
salonlari, bilgisayar ¢alisma alanlari, kitaplik alanlari, dikey sirkiilasyonlar, 1slak hacimler,
koridorlar ve idari birim mekanlar1 seklinde ayr1 ayr1 ele alinmis ve incelenmistir.

Elde edilen bulgular kiitiiphanenin genel olarak kullanicilarin gereksinimlerini karsiladig:
ancak bazi noktalarda kritik esik seviyesinde kaldig1 ve bu eksikliklerin iyilestirilmesi gerektigi
saptanmistir.

Kiitliphanenin {iniversite igerisindeki konumu ve erisilebilirligi degerlendirildiginde

algilanabilirliginin siirl oldugu ve bu durumun kullanicilan kiitiiphaneye yonlendirmede zayif
oldugunu gdstermektedir. Yapinin g¢evresi ve agik alan diizenlemeleri gozlemlendiginde;
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otopark yeterliligi ve erisimi yeterli bulunmus ancak oturma alanlar1 ve golgelik alanlar yetersiz
bulunmustur.

Yapilan degerlendirmeler sonucunda, ¢alisma salonlarinin mekansal performans bakimindan
diger alanlara gore daha iyi kosullar sundugu anlagilmistir. Calisma salonlarinin mekan
blyiikligli, havalandirma, aydinlatma ve donati ag¢isindan yeterli oldugu ve kullanici
gereksinimlerini karsiladig: tespit edilmistir.

Koridorlar ve dikey sirkiilasyon elemanlari ele alindiginda bu mekanlarda dogal aydinlatma ve
dogal havalandirma kosullarinin yetersiz kaldigi anlasilmig ve calisma alanlarina erisimi
saglayan merdiven ve asansoriin goriintirliigii yetersiz bulunmustur.

Islak hacimler incelendiginde bu mekanlarin genel standartlari karsiladigi ancak bir kutliphane
yapisinda kullanici yogunlugunun oldugu zamanlarda yetersiz kaldig1 gézlemlenmistir.

Kiitiiphanede kullanicilar i¢in bir diger dnemli mekan kitaplik alanlaridir. Zemin katta bulunan
kitaplik alanlarmin havalandirma, aydinlatma ve mekan donatilar1 incelenmis ve kullanici
gereksinimlerini karsiladig1 goriilmiistiir. Bodrum katta bulunan kitaplik alanlarinda ise dogal
aydinlatma ve havalandirma imkan1 bulunmadigindan havalandirma ve aydinlatma kosullarinin
tyilestirilmesi gerektigi ve kitapliklar arasi sirkiilasyon boyutlarinin tekrar diizenlenmesi
gerektigi saptanmustir.

Bilgisayar caligma alanlarinin zemin katta giriste bulunmasi bu alana erisimi kolay kilmaistir.
Fakat bu alanda stirekli bir kullanici sirkiilasyonu olmasi, dogal havalandirma ve aydinlatma
olmamasi, gerekli sessizligin saglanamamast bu alanin eksiklikleri olarak karsimiza
¢ikmaktadir. Bu durumun bilgisayar alanmin verimini azaltmakta mekén performansini
diistirmektedir.

Idari birimlerin yap1 igerisinde konumu ve erisimi degerlendirilmis ve yeterli bulunmustur. Bu
alanin mekansal diizenlemesi kullanicilarin giinliik isleyisine uygun olarak islevsel agidan
yeterli gérilmiistiir.

Tiim bu bulgular birlikte degerlendirildiginde, kiitiiphane yapisinin genel anlamda kullanici
ithtiyaclarina cevap verdigi; ancak bazi mekansal ve fiziksel parametrelerin kullanici deneyimini
olumsuz etkiledigi anlasilmaktadir. Bu dogrultuda, kapali alanlarda yapay havalandirma ve
bodrum katta yapay aydinlatma sistemlerinin iyilestirilmesi ve bilgisayar ¢alisma alanlarinin
daha uygun bir konumda diizenlenmesi Onerilmektedir. Ayrica agik alanlarda kullanict
konforunu artiracak oturma ve gélgeleme elemanlarinin eklenmesi, kiitiiphane kullanicilarinin
konfor seviyesini artiracaktir.

Sonug olarak, Dicle Universitesi Ali Emiri Kitiiphanesi’nde kullanict konforunun genel olarak
saglandig1 goriilmiistiir. Ancak kiitliphanede bu konforun siirdiiriilebilirliginin ve daha st
seviyelere taginabilmesinin, mekansal ve fiziksel kosullarin iyilestirilmesine bagli oldugu
anlasilmaktadir. Kullanic1 konforunu dogrudan etkileyen aydinlatma, havalandirma, mekansal
organizasyon ve donati elemanlariin niteligi gibi kriterlerin biitlinciil bir yaklagimla ele
alinmas1 gerekmektedir. Bu baglamda, elde edilen bulgularin yalnizca mevcut yapinin
tyilestirilmesi acisindan degil, gelecekte tasarlanacak iiniversite kiitiiphaneleri i¢in de yol
gosterici nitelikte olacagi degerlendirilmektedir.
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ABSTRACT

University libraries are vital institutions that provide students, academics and researchers with
access to printed, visual and audio resources. In addition to providing access to resources, these
institutions have evolved into multifaceted spaces that support users’ research, learning and
creative processes, whilst also contributing to social interaction amongst individuals today. This
transformation has highlighted the importance of user comfort and spatial performance in
library buildings, making the impact of the physical environment on user comfort more
apparent. In this context, ensuring that library spaces meet physiological and psychological
comfort conditions is crucial for users to utilise the space effectively and efficiently.

This study aims to evaluate user comfort in library buildings in accordance with spatial
performance criteria, using the Ali Emiri Central Library at Dicle University as a case study.
The primary objective of the study is to analyse the impact of different spaces (study rooms,
corridors, wet areas, book storage areas, computer workstations and administrative units) on
user comfort, to identify the strengths and weaknesses of the current situation, and to develop
recommendations for design improvements.

The first stage of the research methodology consists of a comprehensive literature review. The
library was then documented using visual analysis and photography techniques. As part of the
visual analysis, the library’s spatial organisation and physical characteristics were analysed. In
this context, the comfort of the spaces and their impact on user performance were assessed. The
library was examined separately, focusing on study rooms, computer workstations, book
storage areas, vertical circulation routes, wet areas, coridors and administrative offices.

When assessing the library’s location and accessibility within the university, it was found that
its visibility is limited, indicating that this situation weakens the ability to direct users to the
library. Upon observing the building’s surroundings and open-space arrangements, the
adequacy of the car park and access was deemed sufficient; however, seating areas and shaded
areas were found to be inadequate.

As a result of the evaluations, it was understood that the study rooms offer better conditions in
terms of spatial performance compared to other areas. It was determined that the study rooms
are adequate in terms of spatial size, ventilation, lighting and fittings, and that they meet user
requirements.

Upon examination of the corridors and vertical circulation elements, it was found that natural

lighting and ventilation conditions in these spaces were inadequate, and that the visibility of the
staircases and lifts providing access to the workspaces was insufficient.
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Upon examination of the wet areas, it was observed that whilst these spaces generally met the
standards, they proved inadequate during periods of high user density typical of a library
building.

Another important space for users within the library is the book storage areas. The ventilation,
lighting and fittings of the book storage areas on the ground floor were examined and found to
meet user requirements. In the book storage areas on the basement level, however, as there is
no possibility of natural lighting or ventilation, it was determined that ventilation and lighting
conditions need to be improved and that the circulation dimensions between the book storage
areas need to be reorganised.

The location of the computer work areas on the ground floor at the entrance has made access to
this area easy. However, the constant user circulation in this area, the lack of natural ventilation
and lighting, and the inability to ensure the necessary quietness are the shortcomings of this
area. This situation reduces the efficiency of the computer area and lowers the performance of
the space.

The location and accessibility of the administrative units within the building have been assessed
and found to be adequate. The spatial layout of this area has been deemed functionally sufficient
to accommodate users’ daily operations.

When all these findings are considered together, it is evident that the library building generally
meets user needs; however, certain spatial and physical parameters have a negative impact on
the user experience. In this regard, it is recommended that the mechanical ventilation systems
in indoor areas and the artificial lighting systems in the basement be improved, and that
computer workstations be arranged in a more suitable location. Furthermore, the addition of
seating and shading elements in open areas to enhance user comfort will improve the comfort
levels of library users.

In conclusion, it has been observed that user comfort is generally provided at Dicle University’s
Ali Emiri Library. However, it is understood that the sustainability of this comfort and its
potential for improvement to higher levels depend on the improvement of spatial and physical
conditions. Criteria that directly affect user comfort, such as lighting, ventilation, spatial
organisation and the quality of fixtures and fittings, must be addressed through a holistic
approach. In this context, it is assessed that the findings obtained will serve as a guide not only
for the improvement of the existing structure but also for university libraries to be designed in
the future.

Keywords: University libraries, Spatial Performance, Spatial Comfort, User Comfort
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Bu ¢alisma, Diyarbakir Kayapinar Belediyesi Hizmet Binasi’n1 mimarlikta mekan deneyimleri
baglaminda 6zgiin bir gorsel analiz ¢ercevesinde degerlendirmeyi amaglamaktadir. Peyas
Mabhallesi, Kayapinar Caddesi tizerinde konumlanan yapi1; Kayapinar’in planli, cagdas ve hizla
gelisen kentsel dokusu icinde yalnizca bir yonetim yapist olarak degil, ayn1 zamanda yeni
kentsel kimligi temsil eden kamusal bir odak olarak okunmaktadir. Proje verilerine gore 2012
tarihli ve yaklasik 20.000 m? biiytikliigiindeki yap1, tek ve kapali bir belediye blogu olarak degil;
farkl iglevlerin bir araya geldigi, i¢ sokak ve avlu etrafinda orgiitlenen parcali bir yerleske
anlayistyla tasarlanmistir. Bu yoniiyle yapi, klasik resmi kurum mimarisinden ayrilarak daha
gecirgen, daha katilimc1 ve daha yasantisal bir kamusal mekan kurgusu 6nermektedir.

Calismada yontem olarak, yapiya ait erisilebilir proje verileri, cephe fotograflari, yerlesim
semalari, kurumsal bilgiler ve yerinde gozlem iizerinden mimari gorsel okuma yapilmistir.
Degerlendirme; kentsel baglam, kiitle organizasyonu, cephe dili, giris kurgusu, yar1 acik alanlar,
i¢ avlu diizeni, malzeme kullanimi, 151k-g0lge etkisi, i¢ mekan tasarimi, 1s1 konforu, yonlenme,
erisim, kullanici deneyimi vb. bagliklar altinda yiiriitiilmiistiir. Bu yaklasim, binay1 yalnizca
bigimsel bir nesne olarak degil, kullanicty1 yonlendiren, karsilayan, bekleten, toplayan ve
hafizada iz birakan mekénsal bir deneyim dizisi olarak ele almaktadir.

Gorsel analiz bulgulari, yapinin en giiglii tasarim kararlarindan birinin pargali kiitle kurgusu
oldugunu gostermektedir. Alt1 ana 6geden olusan yerlesim, i¢ sokak/avlu etrafinda orgiitlenerek
belediye yapisini tek merkezli bir biirokratik blok olmaktan ¢ikarip ¢ogul kullanimlara agik bir
kamusal yerleskeye doniistiirmektedir. Bu karar, belediye, meclis, teknik hizmetler, sivil
toplum ve sosyal kullanim birimleri arasinda daha yatay bir iligki kurmakta; dolasimi yalnizca
koridor diizeyinde degil, agik ve yar1 acik bosluklarla zenginlestirmektedir. Ozellikle avlu, sicak
iklim kosullarinda hem mikroklimatik bir rahatlama alanm1 hem de sosyal karsilagmalari
miimkiin kilan ara mekan niteligi kazanmaktadir. Cephe diizeninde ise yatay kurumsal bant ile
diisey ritim iireten panellerin birlikte kullanildig1r goriilmektedir. Genis sacak altindaki geri
cekilmis zemin kat, yapinin girisini belirginlestirirken ayn1 zamanda iklimsel koruma saglayan
golgeli bir esik olusturmaktadir. Seffaf cam ylizeyler kurumsal agiklik ve goriiniirliik duygusu
yaratirken, diisey desenli paneller ve Diyarbakir tasi vurgusu yapiya yerel hafizayla iligki kuran
cagdas bir ifade kazandirmaktadir. Boylece yapi, yerelligi dogrudan taklit etmek yerine
soyutlayarak yeniden Uretmekte; kamusal temsilini hem modern hem de baglamsal bir dille
kurmaktadir. I¢ mekanda ve avlu ¢evresinde goriilen renkli tasiyic1 elemanlar, silindirik vurgu
hacmi ve filtrelenmis 151k etkisi ise mekana yalniz islevsel degil, atmosferik bir derinlik
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kazandirmaktadir. Bu durum, yapinin deneyim degerini artiran ve hafizada kaliciligini
giiclendiren 6nemli bir tasarim tercihidir. Bununla birlikte, yapinin goérsel ve mekéansal
basarisina ragmen bazi elestirel noktalar da bulunmaktadir. On cephede ara¢ kullaniminin
baskin hale gelmesi, yaya yaklasim deneyimini zaman zaman zayiflatabilmektedir. Benzer
bigcimde, avlu ve yar1 acgik alanlarin siireklilik i¢inde canli tutulmamasi durumunda, tasarimin
ongordigii ¢ogul kamusal kullanim potansiyeli siirlanabilmektedir. Bu nedenle yapinin
basaris1 yalnizca ilk tasarim kararlarinda degil, bu kararlarin kullanim siirecinde ne 6lgiide
stirdiiriilebildiginde de aranmalidir.

Sonu¢ olarak Kayapinar Belediyesi Hizmet Binasi, mekdn deneyimi agisindan
degerlendirildiginde; kamusal temsil, iklimle uyumlu ge¢is mekanlari, avlu merkezli dolasim,
yerel referanslarin ¢gagdas yorumu ve gii¢lii gorsel okunabilirlik bakimindan nitelikli bir kamu
yapisidir. Yapi, belediye hizmet binasini kat1 bir yonetim kabugu olmaktan ¢ikarip daha sivil,
daha davetkar ve daha ¢ok katmanli bir kamusal yasant1 mekanina doniistiirme ¢abasiyla dikkat
cekmektedir. Bu nedenle calisma, cagdas kamu yapilarinda tasarim kararlarinin mekéan
deneyimi {iizerinden okunmasinin gerekliligini ortaya koymakta; Kayapimar Belediyesi
orneginin de bu agidan dgretici ve tartismaya acik bir mimari 6rnek sundugunu gostermektedir.

Anahtar Kelimeler: Mekan Deneyimi; Gorsel Analiz; Kamu Yapilari; Belediye Hizmet Binasi;
Kullanici Memnuniyeti

ABSTRACT

This study aims to evaluate the Diyarbakir Kayapimar Municipality Service Building through
an original visual analysis framework within the context of spatial experience in architecture.
Located on Kayapinar Avenue in Peyas Neighborhood, the building is interpreted not merely
as an administrative facility, but also as a public focal point representing the planned,
contemporary, and rapidly developing urban identity of Kayapinar. According to project data,
the building, dated 2012 and comprising approximately 20,000 m?, was designed not as a single
enclosed municipal block, but as a fragmented campus-like composition in which different
functions are organized around an internal street and courtyard. In this respect, the building
departs from the conventional image of official institutional architecture and proposes a more
permeable, participatory, and experiential public space configuration.

The study employs architectural visual reading as its methodological approach, based on
accessible project data, facade photographs, layout schemes, institutional information, and on-
site observation. The evaluation is conducted under several headings, including urban context,
mass organization, facade language, entrance configuration, semi-open spaces, courtyard
arrangement, material use, light-shadow effects, interior design, thermal comfort, orientation,
accessibility, and user experience. This approach considers the building not only as a formal
architectural object, but also as a sequence of spatial experiences that guide, welcome,
accommodate, gather, and remain memorable for users.

The findings of the visual analysis indicate that one of the strongest design decisions of the
building is its fragmented mass organization. The layout, composed of six main elements, is
structured around an internal street/courtyard, transforming the municipality building from a
centralized bureaucratic block into a public campus open to multiple uses. This design decision
establishes a more horizontal relationship among municipal, council, technical service, civil
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society, and social-use units, while enriching circulation beyond the level of corridors through
open and semi-open spatial voids. In particular, the courtyard functions as an intermediary
space that provides microclimatic relief under hot climatic conditions and enables social
encounters. In the fagade composition, a horizontal institutional band is combined with vertical
rhythm-generating panels. The recessed ground floor beneath the wide canopy emphasizes the
entrance while also creating a shaded threshold that provides climatic protection. Transparent
glass surfaces generate a sense of institutional openness and visibility, whereas vertically
patterned panels and references to Diyarbakir stone provide the building with a contemporary
expression connected to local memory. Thus, the building does not directly imitate locality, but
rather reinterprets it through abstraction, establishing its public representation through both
modern and contextual architectural language. The colored structural elements, cylindrical
accent volume, and filtered light effects observed in the interior and around the courtyard add
not only functional value but also atmospheric depth to the space. This constitutes an important
design choice that enhances the experiential quality and memorability of the building.
Nevertheless, despite its visual and spatial strengths, several critical issues can be identified.
The dominance of vehicular use along the front facade may occasionally weaken the pedestrian
approach experience. Similarly, if the courtyard and semi-open areas are not continuously
activated, the potential for plural public use envisioned by the design may become limited.
Therefore, the success of the building should be evaluated not only through its initial design
decisions, but also through the extent to which these decisions are sustained during the process
of use.

In conclusion, when assessed in terms of spatial experience, the Kayapinar Municipality Service
Building can be regarded as a qualified public building in terms of public representation,
climate-responsive transitional spaces, courtyard-centered circulation, the contemporary
interpretation of local references, and strong visual legibility. The building is noteworthy for its
attempt to transform the municipal service building from a rigid administrative shell into a more
civic, inviting, and multi-layered space of public life. Accordingly, this study demonstrates the
necessity of interpreting design decisions in contemporary public buildings through spatial
experience and suggests that the Kayapinar Municipality Service Building offers an instructive
and discussable architectural example in this regard.

Keywords: Spatial Experience; Visual Analysis; Public Buildings; Municipality Service
Building; User Satisfaction
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Endiistriyel mirasin yeniden iglevlendirilmesi, giinimiizde surddrulebilirlik agisindan 6nemli
bir yaklagim olarak kabul edilmektedir. Bu tiir mekanlar, ge¢misin izlerini koruyarak yeni
islevlerle kent yasamina entegre edilmekte ve hem kiiltiirel siireklilik hem de mekansal ¢esitlilik
saglamaktadir. bu baglamda degerlendirildiginde, Diyarbakir ili Yenisehir il¢esinde bulunan
Stimerpark 6rnegi de tarihsel kimligini koruyarak yeni bir islev ile degerlendirilmesi basarili
bir yeniden kullanim 6rnegi olarak 6ne c¢ikmaktadir. Cumhuriyet doneminde Tiirkiye’de
sanayilesme politikalarinin bir pargast olarak kurulan fabrika yerli iiretimi tesvik etmek ve
ekonomik bagimsizlig1 saglamak amaciyla kurulan 6nemli sanayi kuruluslarindan biri olmus,
ozellikle tekstil {iretimi ile bir¢ok kentte oldugu gibi Diyarbakir’da da ekonomik ve sosyal
yapiy1 dogrudan etkilemistir

Sumerbank fabrika binalari, yalnizca {iretim yapilan alanlar degil, ayn1 zamanda ¢alisanlara
sosyal yasam olanaklar1 sunan biitiinciil yerleskeler olarak tasarlanmistir. Bu baglamda fabrika
alanlari; lojmanlar, sosyal tesisler, acik alanlar ve rekreatif mekanlar ile birlikte kurgulanmistir.
Yapilardaki mimari yaklagim, donemin modernlesme anlayigini yansitan onemli mekansal
organizasyonlar olarak tespit edilebilmektedir. Ancak zaman igerisinde sanayi yapilarmin islevini
yitirmesi ile birlikte bu alanlar atil hale gelmis ve yeniden kullanim stirecine dahil edilerek yeni
islevleri ile hizmete agilmislardir. Stimerpark da bu sirecin bir Uriini olarak, endustriyel bir
tiretim alanindan kamusal bir yasam alanina doniigsmiistiir.

Diyarbakir kentinde yer alan Siimerpark Sosyal Yasam Alani, yalnizca giincel bir kamusal
mekén degil, ayn1 zamanda tarihsel bir doniisiim siirecinin mekéansal karsiligi olarak
degerlendirilebilmektedir. Bu ¢caligma kapsaminda Stimerpark alani, yerinde yapilan gozlemsel
incelemeler dogrultusunda ele alinarak incelenmistir. incelemnin Kkurgusu, mekénsal
organizasyon, dolasim iligkileri, a¢ik alan kullanimi1 ve c¢evresel baglam {izerinden
sekillendirilmistir.

Alan genel olarak incelendiginde, genis yesil dokusu ve ag¢ik alan kurgusu ile kullaniciya
rekreatif bir ortam sundugu goriilmektedir. Yiriiyiis yollari, dinlenme alanlar1 ve sosyal donati
elemanlari, mekanin aktif kullanimimi destekleyen temel bilesenlerdir. Ancak bazi alanlarda
yogun kullanim nedeniyle kapasite yetersizlikleri olugsmakta ve bu durum mekéansal konforu
olumsuz etkileyebilmektedir.
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Mekansal organizasyon agisindan Siimerpark, farkli islevleri barindiran ¢ok katmanli bir yapiya
sahiptir. Ancak bu organizasyon her noktada ayni diizeyde basarili degildir. Ozellikle giris
alanlarinin yeterince tanimli olmamasi ve yonlendirme elemanlarinin sinirli kalmasi,
kullanicilarin mekani algilamasini zorlagtirmaktadir. Bu durum, kamusal mekanlarda 6nemli
bir tasarim kriteri olan yonlenebilirlik ilkesinin zayif kaldigin1 gostermektedir.

Dolasim sistemleri incelendiginde, yaya hareketlerinin belirli akslar iizerinde yogunlastigi ve
bazi bolgelerde mekansal sikisiklik olustugu gozlemlenmistir. Bu durum, 6zellikle yogun
kullanim zamanlarinda daha belirgin hale gelmektedir. Oneri olarak Alternatif dolasim
akslarinin olusturulmasi ve mevcut yollarin iyilestirilmesi, mekansal siirekliligi artirabilecek
Oonemli miidahaleler arasinda yer almaktadir.

Peyzaj diizenlemeleri, alanin en gii¢lii yonlerinden biri olarak 6ne ¢ikmaktadir. Bitkilendirme
ve yesil alan kullanimi, mekéna estetik bir deger katmakta ve kullanicilarin alanda daha uzun
siire vakit gecirmesini tesvik etmektedir. Ancak bazi bolgelerde bakim eksiklikleri dikkat
cekmekte, bu durum mekansal kaliteyi yer yer diistirmektedir.

Sosyal donati alanlari, farkli kullanict gruplarina hitap eden dnemli mekansal bilesenlerdir.
Ancak bu donatilarin alan igerisinde dengeli dagilmadig1 ve bazi bolgelerde yetersiz kaldigi
gozlemlenmistir. Bu durumun ¢6zimu igin Donat1 elemanlarinin ¢esitlendirilmesi ve homojen
bir dagilhim saglanmasi, kullanict deneyimini iyilestirecektir. Sonug olarak Simerpark Sosyal
Yasam Alani, tarihsel bir sanayi alanindan ¢agdas bir kamusal mekéana doniiserek Diyarbakir
kenti i¢in 6nemli bir sosyal odak noktasi haline gelmistir. Ancak mekéansal kalite ve kullanim
dengesi agisindan bazi iyilestirmelere ihtiya¢ duyulmaktadir. Giris alanlarinin giiglendirilmesi,
dolasim sistemlerinin gelistirilmesi, peyzaj bakiminin artirilmasi ve sosyal donatilarin
cesitlendirilmesi, alanin stirdiiriilebilir kullanimin1 destekleyecek temel oOneriler olarak 6ne
¢ikmaktadir.

Bu tir kamusal alanlar, giinimiizde kent yasam kalitesini artiran 6nemli mekansal unsurlar
olarak degerlendirilmektedir. Endiistriyel alanlarin yeniden islevlendirilmesi ile olusturulan bu
mekanlar, yalmizca fiziksel donilistim degil, ayn1 zamanda toplumsal ve kiiltiirel bir yeniden
Uretim stirecini de ifade etmektedir. Stimerpark gibi alanlar, kent belleginin korunmasina katki
saglamakta ve gecmis ile glinlimiiz arasinda bir koprii olusturmaktadir.

Bu c¢aligma yalnizca Diyarbakir Siimerpark Sosyal Yasam Alani 6zelinde bir degerlendirme
sunmakla kalmayip, benzer nitelikteki endiistriyel miras alanlarinin yeniden islevlendirilmesi
stireclerine yonelik genel bir cerceve de ortaya koymaktadir. Sanayi yapilarmmin zaman
igerisinde islevini yitirmesi, bu alanlarin kent i¢cinde atil kalmasina neden olmakta; ancak dogru
planlama ve tasarim yaklasimlar1 ile bu alanlar yeniden kamusal yasama
kazandirilabilmektedir. Stimerpark 6rnegi, bu doniisiimiin nasil ele alinabilecegine dair 6nemli
ipuclar1 sunmakta ve benzer projeler i¢in emsal teskil etmektedir.

Endistriyel alanlarin kamusal mekanlara doniistiiriilmesi siirecinde, yalnizca fiziksel
diizenlemelerin yeterli olmadig1; ayn1 zamanda mekansal organizasyon, kullanici ihtiyaglari,
dolasim sistemleri ve sosyal donatilarin dengeli dagilimi gibi unsurlarin biitiinciil bir yaklagimla
ele alinmasi gerektigi anlasilmaktadir. Bu ¢alisma kapsaminda ortaya konulan gorsel analiz ve
gozlemsel degerlendirme yontemi, benzer doniisiim projelerinde uygulanabilecek pratik ve
etkili bir analiz modeli sunmaktadir. Ozellikle kullanict yogunlugu, mekéansal konfor ve
yonlenebilirlik gibi kriterlerin sahada gozlemlenerek degerlendirilmesi, bundan sonraki benzer
tasarim siireclerine daha gergekei ve siirdiiriilebilir ¢oziimler liretilmesine katki saglayacaktir.
Bununla birlikte, Stimerpark Ornegi, endiistriyel mirasin tamamen ortadan kaldirilmadan,
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mevcut kimligin korunarak yeni islevlerle biitiinlestirilmesinin 6nemini de ortaya koymaktadir.
Bu yaklagim, kent belleginin siirekliligini saglamakta ve mekanin ge¢mis ile kurdugu bagi
guclendirmektedir. Benzer projelerde de tarihsel izlerin korunmasi ve yeni kullanim senaryolari
ile uyumlu hale getirilmesi, mekansal kimligin siirdiiriilebilirligi agisindan 6nemli bir tasarim
yaklasimi olarak degerlendirilmektedir.

Anahtar Kelimeler: Stimerpark; Endistriyel Miras; Kamusal Alan; Gorsel Analiz; Kentsel
Doniistim

ABSTRACT

The adaptive reuse of industrial heritage is considered an important approach in terms of
sustainability today. Such spaces are integrated into urban life with new functions while
preserving the traces of the past, thus providing both cultural continuity and spatial diversity.
In this context, the Stimerpark example located in the Yenisehir district of Diyarbakir stands
out as a successful example of adaptive reuse by preserving its historical identity and being re-
evaluated with a new function. Established during the Republican period in Tirkiye as part of
industrialization policies, the factory became one of the significant industrial institutions
founded to encourage domestic production and ensure economic independence. Especially
through textile production, it directly influenced the economic and social structure of
Diyarbakir, as it did in many other cities.

Stmerbank factory buildings were designed not only as production areas but also as
comprehensive settlements offering social living opportunities for workers. In this regard,
factory areas were organized together with housing units, social facilities, open spaces, and
recreational areas. The architectural approach of these structures can be identified as important
spatial organizations reflecting the modernization perspective of the period. However, over
time, as industrial buildings lost their original functions, these areas became abandoned and
were later reopened to public use through adaptive reuse processes with new functions.
Stmerpark, as a product of this process, transformed from an industrial production area into a
public living space.

The Stimerpark Social Life Area in Diyarbakir can be evaluated not only as a contemporary
public space but also as the spatial reflection of a historical transformation process. Within the
scope of this study, the Stimerpark area was examined through on-site observational analyses.
The framework of the examination was shaped around spatial organization, circulation
relations, open space use, and environmental context.

When the area is examined in general, it is observed that it provides users with a recreational
environment through its extensive green texture and open space organization. Walking paths,
resting areas, and social reinforcement elements are the main components supporting the active
use of the space. However, in some areas, capacity deficiencies occur due to intensive use,
negatively affecting spatial comfort.

In terms of spatial organization, Simerpark has a multi-layered structure containing different
functions. However, this organization is not equally successful at every point. In particular, the
insufficient definition of entrance areas and the limited number of orientation elements make it
difficult for users to perceive the space. This indicates that the principle of wayfinding, which
is an important design criterion in public spaces, remains weak.
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When circulation systems are analyzed, it is observed that pedestrian movements are
concentrated on certain axes and spatial congestion occurs in some regions. This situation
becomes more apparent especially during periods of intensive use. As a recommendation, the
creation of alternative circulation axes and the improvement of existing pathways are among
the important interventions that could increase spatial continuity.

Landscape arrangements stand out as one of the strongest aspects of the area. Planting design
and the use of green spaces add aesthetic value to the environment and encourage users to spend
longer periods in the area. However, maintenance deficiencies are noticeable in some regions,
which occasionally reduces spatial quality.

Social reinforcement areas are important spatial components addressing different user groups.
However, it has been observed that these facilities are not distributed evenly throughout the
area and remain insufficient in certain regions. To solve this issue, diversifying the
reinforcement elements and ensuring a homogeneous distribution would improve the user
experience. As a result, the Simerpark Social Life Area has become an important social focal
point for the city of Diyarbakir by transforming from a historical industrial site into a
contemporary public space. However, some improvements are still needed in terms of spatial
quality and usage balance. Strengthening entrance areas, improving circulation systems,
increasing landscape maintenance, and diversifying social facilities emerge as the main
recommendations supporting the sustainable use of the area.

Such public spaces are considered important spatial elements that enhance urban life quality
today. These spaces created through the adaptive reuse of industrial areas represent not only a
physical transformation but also a process of social and cultural reproduction. Areas such as
Stimerpark contribute to the preservation of urban memory and establish a bridge between the
past and the present.

This study not only presents an evaluation specific to the Diyarbakir Siimerpark Social Life
Area but also provides a general framework for the adaptive reuse processes of similar industrial
heritage areas. The loss of function in industrial buildings over time causes these areas to remain
abandoned within the city; however, through proper planning and design approaches, such
spaces can be reintegrated into public life. The Slimerpark example provides important insights
into how this transformation can be addressed and serves as a precedent for similar projects.

In the process of transforming industrial areas into public spaces, it is understood that physical
arrangements alone are not sufficient; factors such as spatial organization, user needs,
circulation systems, and the balanced distribution of social facilities must also be addressed
through a holistic approach. The visual analysis and observational evaluation method presented
within the scope of this study offers a practical and effective analysis model that can be applied
in similar transformation projects. In particular, evaluating criteria such as user density, spatial
comfort, and wayfinding through on-site observations will contribute to producing more
realistic and sustainable solutions for future design processes. Furthermore, the Slimerpark
example reveals the importance of integrating new functions while preserving the existing
identity of industrial heritage without completely eliminating it. This approach ensures the
continuity of urban memory and strengthens the relationship between the space and its past. In
similar projects, preserving historical traces and adapting them to new usage scenarios is
considered an important design approach in terms of the sustainability of spatial identity.

Keywords:
Sumerpark; Industrial Heritage; Public Space; Visual Analysis; Urban Transformation
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Fitobiyotik antioksidanlar, bitkisel kaynakl1 biyoaktif bilesikler (esansiyel yaglar, flavonoidler,
fenolikler, karotenoidler ve alkaloidler gibi) igeren dogal yem katki maddeleri olup, hayvan
beslemede antibiyotik buyutme faktorlerine alternatif olarak giderek daha fazla 6nem
kazanmaktadir. Bu bilesikler, oksidatif stresin kontrol altina alinmasi, bagisiklik sisteminin
desteklenmesi ve sindirim fonksiyonlarmimn diizenlenmesi gibi ¢ok yonlii etkiler
gostermektedir. Flavonoidler serbest radikalleri ndétralize ederek hiicresel hasari dnlerken,
fenolik bilesikler hiicre biitiinliigiinii koruyarak oksidatif stresi azaltir. Esansiyel yaglar
(Ozellikle kekik ve biberiye kaynakli olanlar) antimikrobiyal ve antioksidan ozellikleriyle
patojen yiikiinii azaltirken, tanenler ve saponinler bagirsak mikrobiyotasin1 diizenleyerek
sindirim sistemi sagligin1 destekler.

Fitobiyotiklerin etki mekanizmalar1 temelde antioksidan, sindirim diizenleyici, bagisiklik
modiilatorii ve antimikrobiyal etkiler {izerinden gergeklesmektedir. Antioksidan mekanizma
kapsaminda, reaktif oksijen tiirlerinin (ROS) neden oldugu oksidatif stres azaltilarak lipid
peroksidasyonu sinirlandirilmakta, malondialdehit (MDA) diizeyleri diisiiriilmekte ve
stiperoksit dismutaz (SOD), katalaz (CAT) ile glutatyon peroksidaz (GPx) gibi endojen
antioksidan enzimlerin aktivitesi artirilmaktadir. Sindirim sistemi diizeyinde bagirsak
mikrobiyotasinin dengelenmesi, sindirim enzimlerinin sekresyonunun artirilmasi ve bagirsak
yiizey alaninin genisletilmesi saglanmaktadir. Ayrica bagisiklik sistemi lizerinde sitokin
tiretiminin diizenlenmesi ve immiin yanitin aktive edilmesi s6z konusudur. Antimikrobiyal etki
ile de patojen mikroorganizmalarin gelisimi baskilanmaktadir.

Fitobiyotiklerin fizyolojik etkileri, organizma diizeyinde saglik ve metabolik dengeyi
tyilestirmektedir. Antioksidan etkileri sayesinde hiicre zarlar1 ve DNA korunmakta, oksidatif
stres azaltilmaktadir. Sindirim sistemi iizerinde bagirsak mikrobiyotasinin dengelenmesi ve
besin emiliminin artmasi saglanirken, bagisiklik sistemi tizerinde hem humoral hem de hiicresel
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yanit gliclenmektedir. Antikor iiretiminin artmasi, inflamasyonun azalmasi ve enfeksiyonlara
kars1 direncin yiikselmesi bu etkiler arasinda yer almaktadir.

Fitobiyotiklerin hayvan beslemedeki uygulamalari, tiirlere 6zgii fizyolojik ve metabolik
farkliliklar dogrultusunda cesitlilik gostermektedir. Bu nedenle kanatlilar ve ruminantlar
acisindan etkileri daha spesifik olarak degerlendirilmektedir. Fitobiyotik antioksidanlarin
kullanimi, hayvansal iiretim sistemlerinde hem performans parametreleri hem de elde edilen
{iriinlerin kalitesi iizerinde ¢cok yonlii ve belirgin iyilesmeler saglamaktadir. Oncelikle biiyiime
performansi agisindan degerlendirildiginde, bu bilesiklerin sindirim sistemi iizerindeki olumlu
etkileri sayesinde yem tiiketimi diizenlenmekte ve yemden yararlanma orani iyilesmektedir. Bu
durum, daha kisa slirede daha yiiksek canli agirlik artis1 elde edilmesine olanak tanir. Ayrica
metabolik verimliligin artmasiyla birlikte enerji ve besin maddelerinin daha etkin kullanimi1
saglanir.

Kanatli hayvanlarda fitobiyotikler o6zellikle bagirsak sagliginin korunmasi ve sindirim
verimliliginin artirilmasi agisindan 6nemli rol oynamaktadir. Bagirsak mikrobiyotasini
dizenleyerek Lactobacillus gibi faydali bakterilerin gelisimini tesvik ederken, patojen
mikroorganizmalarin ¢ogalmasini sinirlar. Bu durum, bagirsak biitiinliigiinii koruyarak villus
yiiksekligini artirir ve besin maddelerinin emilim yiizeyini genisletir. Ayn1 zamanda sindirim
enzimlerinin aktivitesini artirarak yemden yararlanma oranini yiikseltir ve biiyiime
performansini destekler. Antioksidan ve anti-inflamatuar etkileri sayesinde yogun yetistiricilik
kosullarinda ortaya ¢ikan 1s1 stresi, oksidatif stres ve enfeksiyon baskisina kars1 koruyucu etki
saglar.

Ruminant hayvanlarda fitobiyotikler rumen mikrobiyal ekosistemi tzerinde dizenleyici etki
gosterir. Rumen fermentasyon sureclerini optimize ederek seliloz ve hemiseliloz gibi
kompleks karbonhidratlarin daha etkin parcalanmasini saglar ve ugucu yag asitleri (VFA)
dretimini artirir. Bunun yani sira metanojenik mikroorganizmalarin aktivitesini baskilayarak
metan gazi iiretimini azaltir; bu da hem enerji kaybin1 minimize eder hem de ¢evresel agidan
olumlu katki saglar. Fitobiyotiklerin ayrica siit verimi, siit yagr kompozisyonu ve genel
metabolik saglik lizerinde olumlu etkileri oldugu bildirilmektedir. Rumen pH dengesinin
korunmasina katki saglayarak asidoz gibi sindirim bozukluklarinin 6nlenmesinde de rol
oynayabilir.

Uriin kalitesi agisindan bakildiginda, fitobiyotik antioksidanlarin en énemli katkilarindan biri
lipid oksidasyonunu azaltmalaridir. Oksidatif bozulmanin sinirlandirilmasi, 6zellikle et ve siit
triinlerinde raf Omriiniin uzamasma ve depolama sirasinda kalite kayiplarinin minimize
edilmesine yardimci olur. Et kalitesi lizerinde; renk stabilitesi, su tutma kapasitesi ve tekstiirel
ozellikler acgisindan iyilesmeler gézlemlenirken, oksidatif stabilitenin artmasi sayesinde tat ve
aroma gibi duyusal 6zellikler de olumlu yonde etkilenmektedir. Yumurta Uretiminde ise
fitobiyotiklerin yumurta saris1 rengini iyilestirdigi, kabuk kalitesini artirdigi ve i¢ kalite
parametrelerini (Haugh birimi gibi) olumlu yonde etkiledigi bildirilmektedir. Siit iiretiminde
ise siit yag1 kompozisyonu, antioksidan kapasite ve genel besin degeri lizerinde iyilestirici
etkiler s6z konusudur. Bunun yani sira, hayvansal iirlinlerde oksidatif stabilitenin artmasi
tiikketici saglig1 acisindan da dnem tasimakta ve iiriinlerin fonksiyonel degerini yiikseltmektedir.

Fitobiyotiklerin hayvan beslemedeki etkinligi, bir¢ok degiskene bagl olarak farklilik
gosterebilmektedir. Oncelikle kullanilan bitki tiirli ve bilesimi, fitobiyotiklerin biyolojik
aktivitesini dogrudan etkiler. Ayn1 bitkiden elde edilen tiriinler bile yetistirme kosullari, hasat
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zamani ve cografi farkliliklar nedeniyle degisken icerik gosterebilir. Bu durum, elde edilen
etkinin standardize edilmesini zorlastirmaktadir. Fitobiyotiklerin etkinligi uygulanan kullanim
diizeyine gore degisiklik gosterebilmektedir. Diisiik seviyelerde kullanim istenilen etki
goriilmeyebilirken, yiiksek seviyelerdeki kullanim toksik etkiler ortaya g¢ikabilmekte, yem
tiketiminde azalma veya metabolik bozukluklar meydana gelebilmektedir. Bu nedenle her
hayvan tlrQ ve dretim sistemi i¢in optimum dozun bilimsel olarak belirlenmesi gereklidir. Bir
diger 6nemli unsur ekstraksiyon yontemi ve Urin formudur. Fitobiyotiklerin etkinligi;
kullanilan ekstraksiyon teknigine (soguk pres, solvent ekstraksiyonu vb.), etken maddenin
stabilitesine ve biyoyararlanimina baglidir. Uygun olmayan isleme yontemleri, aktif bilesiklerin
kaybina veya etkisinin azalmasina neden olabilir. Ayrica hayvan tiirii, yas, fizyolojik durum ve
yetistirme kosullar1 da fitobiyotiklerin etkinligini belirleyen 6nemli faktorler arasindadir.
Ornegin kanatlilar, ruminantlar ve su iriinleri arasinda sindirim sistemi farkliliklari
bulundugundan, ayni fitobiyotik farkli tiirlerde farkli sonuglar dogurabilir. Bunun yani sira
cevresel stres faktorleri (1s1, yogunluk, hijyen kosullari) da alinan yaniti etkileyebilir.
Standardizasyon ve kalite kontrol eksiklikleri de 6nemli bir smirlamadir. Ticari fitobiyotik
Urlinler arasinda igerik ve etken madde konsantrasyonu acgisindan ciddi farkliliklar
bulunabilmekte, bu da sonuglarin tutarliligini zorlastirmaktadir. Bu nedenle tirtinlerin kimyasal
kompozisyonunun belirlenmesi, etken maddelerin standardize edilmesi ve kalite kontrol
siireclerinin  titizlikle uygulanmasi biiyilk ©Onem tasimaktadir. Fitobiyotiklerin etki
mekanizmalariin tam olarak aydinlatilamamis olmasi ve uzun dénemli etkilerine iligskin sinirlt
veri bulunmasi, bu alanda daha fazla molekiiler ve uygulamali aragtirmaya ihtiya¢ oldugunu
gOstermektedir.

Sonug olarak, fitobiyotik antioksidanlar hayvan beslemede siirdiiriilebilir ve dogal bir alternatif
olarak One cikmakta; oksidatif stresin azaltilmasi, bagisiklik sisteminin gii¢lendirilmesi,
sindirim sagliginin iyilestirilmesi ve liretim performansinin artirilmasi gibi ¢cok yonlii faydalar
saglamaktadir. Ancak bu bilesiklerin etkinliginin optimize edilmesi ve etki mekanizmalarinin
daha iyi anlasilmasi i¢in ileri diizey arastirmalara ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Fitobiyotik antioksidanlar, Hayvan besleme, Oksidatif stres, Bagisiklik
sistemi, Performans ve uriin kalitesi

ABSTRACT

Phytobiotic antioxidants are natural feed additives containing plant-derived bioactive
compounds (such as essential oils, flavonoids, phenolics, carotenoids, and alkaloids) that are
gaining increasing importance in animal nutrition as an alternative to antibiotic growth factors.
These compounds exhibit multifaceted effects such as controlling oxidative stress, supporting
the immune system, and regulating digestive functions. Flavonoids neutralize free radicals,
preventing cellular damage, while phenolic compounds reduce oxidative stress by protecting
cell integrity. Essential oils (especially those derived from thyme and rosemary) reduce
pathogen load with their antimicrobial and antioxidant properties, while tannins and saponins
regulate the gut microbiota and support digestive system health. The mechanisms of action of
phytobiotics are primarily through antioxidant, digestive regulating, immune modulating, and
antimicrobial effects. Within the antioxidant mechanism, lipid peroxidation is limited by
reducing oxidative stress caused by reactive oxygen species (ROS), malondialdehyde (MDA)
levels are lowered, and the activity of endogenous antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) is increased. At the
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digestive system level, the balance of the gut microbiota is achieved, the secretion of digestive
enzymes is increased, and the intestinal surface area is expanded. Furthermore, the regulation
of cytokine production and activation of the immune response are involved in the immune
system. The antimicrobial effect also suppresses the growth of pathogenic microorganisms.
The physiological effects of phytobiotics improve health and metabolic balance at the organism
level. Thanks to their antioxidant effects, cell membranes and DNA are protected, and oxidative
stress is reduced. In the digestive system, the balance of the gut microbiota and increased
nutrient absorption are achieved, while both humoral and cellular responses are strengthened in
the immune system. Increased antibody production, reduced inflammation, and enhanced
resistance to infections are among these effects.

The applications of phytobiotics in animal nutrition vary according to species-specific
physiological and metabolic differences. Therefore, their effects are evaluated more specifically
for poultry and ruminants. The use of phytobiotic antioxidants provides multifaceted and
significant improvements in both performance parameters and the quality of products obtained
in animal production systems. Primarily when evaluated in terms of growth performance, the
positive effects of these compounds on the digestive system regulate feed consumption and
improve feed utilization rate. This allows for higher live weight gain in a shorter period of time.
In addition, increased metabolic efficiency ensures more efficient use of energy and nutrients.
In poultry, phytobiotics play a significant role, particularly in maintaining intestinal health and
improving digestive efficiency. By regulating the gut microbiota, they promote the growth of
beneficial bacteria such as Lactobacillus while limiting the proliferation of pathogenic
microorganisms. This protects intestinal integrity, increases villus height, and expands the
surface area for nutrient absorption. Simultaneously, they increase the activity of digestive
enzymes, improving feed utilization and supporting growth performance. Thanks to their
antioxidant and anti-inflammatory effects, they provide protection against heat stress, oxidative
stress, and infection pressure that occur under intensive farming conditions. In ruminant
animals, phytobiotics have a regulatory effect on the rumen microbial ecosystem. They
optimize rumen fermentation processes, enabling more efficient breakdown of complex
carbohydrates such as cellulose and hemicellulose, and increasing the production of volatile
fatty acids (VFASs). Furthermore, they suppress the activity of methanogenic microorganisms,
reducing methane gas production; this minimizes energy loss and provides a positive
environmental contribution. Phytobiotics are also reported to have positive effects on milk
yield, milk fat composition, and overall metabolic health. They can also play a role in
preventing digestive disorders such as acidosis by contributing to the maintenance of rumen pH
balance. From a product quality perspective, one of the most important contributions of
phytobiotic antioxidants is their reduction of lipid oxidation. Limiting oxidative spoilage helps
extend shelf life and minimize quality losses during storage, especially in meat and dairy
products. Improvements in color stability, water-holding capacity, and textural properties are
observed in meat quality, while sensory properties such as taste and aroma are also positively
affected thanks to increased oxidative stability. In egg production, phytobiotics are reported to
improve egg yolk color, increase shell quality, and positively affect internal quality parameters
(such as the Haugh unit). In milk production, there are improving effects on milk fat
composition, antioxidant capacity, and overall nutritional value. In addition, increased
oxidative stability in animal products is important for consumer health and enhances the
functional value of the products. The effectiveness of phytobiotics in animal feed can vary
depending on many variables. Firstly, the type and composition of the plant used directly affect
the biological activity of phytobiotics. Even products obtained from the same plant can show
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varying content due to differences in growing conditions, harvest time, and geography. This
makes standardizing the effectiveness difficult. The effectiveness of phytobiotics can also vary
depending on the level of application. While low levels may not produce the desired effect,
high levels can lead to toxic effects, decreased feed intake, or metabolic disorders. Therefore,
it is necessary to scientifically determine the optimum dose for each animal species and
production system. Another important factor is the extraction method and product form. The
effectiveness of phytobiotics depends on the extraction technique used (cold press, solvent
extraction, etc.), the stability of the active substance, and its bioavailability. Inappropriate
processing methods can lead to the loss of active compounds or a reduction in their
effectiveness. Furthermore, animal species, age, physiological condition, and growing
conditions are also important factors determining the effectiveness of phytobiotics. For
example, because there are differences in digestive systems among poultry, ruminants, and
aquatic animals, the same phytobiotic may produce different results in different species. In
addition, environmental stress factors (heat, density, hygiene conditions) can also affect the
response. Lack of standardization and quality control is also a significant limitation. There can
be significant differences in content and active ingredient concentration among commercial
phytobiotic products, which makes it difficult to ensure consistency of results. Therefore,
determining the chemical composition of products, standardizing active ingredients, and
rigorously implementing quality control processes are of great importance. The fact that the
mechanisms of action of phytobiotics have not been fully elucidated and that there is limited
data on their long-term effects indicates that more molecular and applied research is needed in
this field.

In conclusion, phytobiotic antioxidants stand out as a sustainable and natural alternative in
animal nutrition, providing multifaceted benefits such as reducing oxidative stress,
strengthening the immune system, improving digestive health, and increasing production
performance. However, further research is needed to optimize the effectiveness of these
compounds and to better understand their mechanisms of action.

Keywords: Phytobiotic antioxidants, Animal nutrition, Oxidative stress, Immune system,
Performance and product quality
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Bocekler, yaklasik bir milyon tanimlanmis tiir ile hayvanlar aleminin en genis ve en fazla
cesitlilik gosteren grubunu olusturmakta olup, ekosistemlerin isleyisindeki kritik rolleri
nedeniyle biyolojik aragtirmalarin temel ¢aligma alanlarindan biri olarak kabul edilmektedir
(Adler ve Foottit, 2009). Organik maddenin pargalanmasi, polinasyon, besin dongiisiiniin
devamlilig1 ve dogal popiilasyonlarin dengelenmesi gibi ekolojik siireclerde 6nemli gorevler
iistlenen bocekler, biyolojik c¢esitliligin korunmasi agisindan da biiyiilk 6neme sahiptir. Tiir
zenginligi bakimindan degerlendirildiginde Coleoptera (Kinkanathilar) takimi dikkat
cekmektedir. Yaklasik 360.000—400.000 tiir ile Coleoptera, Insecta siifinin en biiyiik takimini
olusturmakta ve diinya iizerindeki bocek ¢esitliliginin dnemli bir boliimiinii temsil etmektedir
(Chapman, 2009). Tirkiye’de ise bu takim 121 familya ait 13396 tiir ile temsil edildigi
bildirilmektedir (Tezcan, 2025).

Tiirlerin belirli bir bolgedeki dagilimlarini, konukcu tercihlerini, habitat ozelliklerini ve
ekolojik iligkilerini ortaya koymaya yonelik calismalarin temelini faunistik ve sistematik
arastirmalar olugturmaktadir. Bu arastirmalar sayesinde ekonomik agidan zararh ya da faydal
tirler belirlenebilmekte, biyolojik cesitlilik verileri giincellenebilmekte ve literatiire yeni
kayitlar kazandirilabilmektedir. Ayrica nesli tehlike altinda bulunan tiirlerin tespiti ve
korunmasina yonelik stratejilerin gelistirilmesinde de faunistik calismalar biiyiikk 6nem
tagimaktadir (Kesdek, 2007). Bu baglamda Cerambycidae (Teke Bocekleri) familyas: gerek tiir
cesitliligi gerekse ekolojik ve ekonomik ©Onemi bakimindan dikkat ceken Coleoptera
familyalarindan biridir. Cerambycidae iiyeleri 6zellikle orman ve bozkir ekosistemlerinde
yayilis gostermekte; larvalarinin odunsu bitkilerde beslenmesi nedeniyle baz: tiirler ekonomik
acidan zararli organizmalar arasinda degerlendirilmektedir. Bununla birlikte bir¢ok tiir, dogal
ekosistemlerin siirdiiriilebilirligi agisindan 6nemli biyolojik islevler listlenmektedir.

Diyarbakir ili, Giineydogu Anadolu Bolgesi’nde yer almakta olup giineyde Mardin, kuzeyde
Bing6l ve Elazig, batida Malatya, Adiyaman ve Sanliurfa, doguda ise Mus ve Batman illeri ile
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cevrilidir. Il merkezi, Dicle Vadisi’nin yaklasik 10 metre iizerinde, Karacadag’in bazaltla kapl
platosunun dogu kesiminde konumlanmaktadir. Bélgenin en yiiksek yiikseltilerinden biri olan
Karacadag, ilin giineybatisinda yer almakta ve Diyarbakir’in topografik ve ekolojik yapisini
onemli 6l¢iide etkilemektedir. ilde karasal iklim dzellikleri hakim olup yazlar sicak ve kurak,
kiglar ise soguk ve yagish gecmektedir. Bitki Ortiisliniin biiylik 6l¢iide bozkir karakteri
gostermesi, farkli habitat tiplerinin olugsmasina olanak saglamaktadir. Bu habitat cesitliligi,
ozellikle Coleoptera takimina bagli birgok bocek grubunun yasamini siirdiirebilmesi i¢in uygun
ekolojik kosullar olusturmaktadir.

Diyarbakir ilinde Coleoptera takimina yonelik cesitli faunistik arastirmalar gerceklestirilmis
olmasina ragmen, Cerambycidae familyasina yonelik kapsamli ve sistematik ¢aligmalarin
sinirli oldugu goriilmektedir. Bu calisma ile Diyarbakir ili Cerambycidae faunasinin ortaya
¢ikarilmasi, bolgedeki tiir ¢esitliliginin belirlenmesi ve mevcut literatiire katki saglanmasi
amaglanmistir. Daha Once yapilan arastirmalarda bu familyaya ait 14 cins ve 17 tiir tespit
edilmistir. Bu tiirler arasinda Agapanthia cardui (Linnaeus, 1767), Certallum ebulinum
(Linnaeus, 1767), Chlorophorus varius (Miiller, 1766), Chlorophorus varius damascenus
(Chevrolat, 1854), Coptosia bithyniensis (Ganglbauer, 1884), Dorcadion infernale (Mulsant &
Rey, 1863), Helladia armeniaca (Frivaldsky, 1878), Helladia humeralis (Waltl, 1838),
Lampropterus femoratus (Germar, 1824), Musaria puncticollis (Faldermann, 1837),
Neoplagionotus bobelayei (Brullé, 1832), Opsilia coerulescens (Scopoli, 1763), Osphranteria
coerulescens (Redtenbacher, 1850), Osphranteria coerulescens inaurata (Holzschuh, 1981),
Oxylia argentata (Ménétriés, 1832), Phytoecia puncticollis (Faldermann, 1837) ve Plagionotus
arcuatus (Linnaeus, 1758) bulunmaktadir.

Mevcut veriler degerlendirildiginde, Diyarbakir ili Cerambycidae faunasinin heniiz tam
anlamiyla ortaya konulamadigi ve kayit altina alinan tiir sayisinin bdlgenin ekolojik
potansiyeline kiyasla siirl kaldigi anlasilmaktadir. Bu nedenle farkli habitatlarda ve farkli
donemlerde gerceklestirilecek ayrintili arazi ¢aligmalart ile ildeki Cerambycidae tiir ve cins
sayisinin artiritlmasi, yeni yayilis kayitlariin elde edilmesi ve Tiirkiye faunasina yeni tiirlerin
kazandirilmas: miimkiin olabilecektir. Ayrica elde edilecek verilerin, bolgenin biyolojik
cesitliliginin ortaya konulmasina, tiirlerin korunmasina yonelik stratejilerin gelistirilmesine ve
gelecekte gerceklestirilecek sistematik ile ekolojik ¢aligmalara onemli katkilar saglayacagi
diistiniilmektedir.

Anahtar Kelimeler: Cerambycidae (Teke Bocekleri), Diyarbakir, fauna

Bu galisma, Dicle Universitesi (DUBAP) tarafindan ZGEF.25.022 numarali proje kapsaminda desteklenmistir.

ABSTRACT

Insects constitute the most diverse group within the animal kingdom, with approximately one
million described species, and they are regarded as one of the most extensively studied groups
due to their crucial roles in ecosystem functioning and ecological balance (Adler & Foottit,
2009). Insects contribute significantly to ecological processes such as decomposition,
pollination, nutrient cycling, and the regulation of natural populations, thereby playing an
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essential role in the sustainability of ecosystems. In terms of species richness, the order
Coleoptera (beetles) is particularly remarkable. With approximately 360,000—400,000 species
worldwide, Coleoptera represents the largest order within the class Insecta and accounts for a
substantial proportion of global insect diversity (Chapman, 2009). In Tiirkiye, this order is
reported to be represented by 13,396 species belonging to 121 families (Tezcan, 2025).

Faunistic and systematic studies constitute the basis for determining the distribution, host
preferences, habitat characteristics, and ecological relationships of species within a particular
region. Such studies enable the identification of economically beneficial and harmful species,
contribute to biodiversity records, and provide new data for the scientific literature.
Furthermore, faunistic investigations are of great importance for the development of
conservation strategies aimed at endangered species (Kesdek, 2007). In this context, the family
Cerambycidae (longhorn beetles) represents one of the most significant coleopteran families
due to its species diversity as well as its ecological and economic importance. Members of
Cerambycidae are widely distributed in forest and steppe ecosystems, and some species are
considered economically important pests because their larvae feed on woody plants.
Nevertheless, many species also perform essential ecological functions that contribute to the
sustainability of natural ecosystems.

Diyarbakir Province is located in the Southeastern Anatolia Region of Tiirkiye and is bordered
by Mardin to the south; Bing6l and Elazig to the north; Malatya, Adiyaman, and Sanlurfa to
the west; and Mus and Batman to the east. The province is situated approximately 10 meters
above the Tigris Valley, on the eastern part of the basalt-covered plateau of Karacadag.
Karacadag, one of the highest elevations in the region, is located in the southwestern part of the
province and significantly influences the topographic and ecological structure of Diyarbakir.
The province is characterized by a continental climate, with hot and dry summers and cold,
rainy winters. The vegetation is predominantly steppe, creating diverse habitat types suitable
for many insect groups, particularly members of the order Coleoptera.

Although several faunistic studies have been conducted on the order Coleoptera in Diyarbakir
Province, comprehensive and systematic investigations specifically focused on the family
Cerambycidae remain limited. Therefore, the present study aims to reveal the Cerambycidae
fauna of Diyarbakir Province, determine the species diversity in the region, and contribute to
the existing literature. Previous studies conducted in the province reported 14 genera and 17
species belonging to this family. The recorded taxa include Agapanthia cardui (Linnaeus,
1767), Certallum ebulinum (Linnaeus, 1767), Chlorophorus varius (Miiller, 1766),
Chlorophorus varius damascenus (Chevrolat, 1854), Coptosia bithyniensis (Ganglbauer,
1884), Dorcadion infernale (Mulsant & Rey, 1863), Helladia armeniaca (Frivaldsky, 1878),
Helladia humeralis (Waltl, 1838), Lampropterus femoratus (Germar, 1824), Musaria
puncticollis (Faldermann, 1837), Neoplagionotus bobelayei (Brullé, 1832), Opsilia
coerulescens (Scopoli, 1763), Osphranteria coerulescens (Redtenbacher, 1850), Osphranteria
coerulescens inaurata (Holzschuh, 1981), Oxylia argentata (Ménétriés, 1832), Phytoecia
puncticollis (Faldermann, 1837), and Plagionotus arcuatus (Linnaeus, 1758).

Evaluation of the available data indicates that the Cerambycidae fauna of Diyarbakir Province

has not yet been fully documented and that the currently recorded species diversity remains
limited compared to the ecological potential of the region. Therefore, detailed field studies
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conducted across different habitats and seasons are expected to increase the number of known
genera and species, provide new distributional records, and potentially contribute new taxa to
the Turkish fauna. The findings of this study are anticipated to make significant contributions
to the understanding of regional biodiversity, the development of conservation strategies, and
future systematic and ecological studies on Cerambycidae in Tiirkiye.

Keywords: Cerambycidae (Longhorn Beetles, Diyarbakir, fauna

This study was supported by the Research Fund of Dicle University (DUBAP), project no ZGEF.25.022.

275



	DUFEBLAS 2026 - Bildiri Kitabı_Proceeding Book (kapak).pdf
	merged.pdf
	2.pdf
	3.pdf
	6.pdf
	7.pdf
	9.pdf
	11.pdf
	14.pdf
	15.pdf
	16.pdf
	18.pdf
	19.pdf
	20.pdf
	22.pdf
	23.pdf
	26.pdf
	29.pdf
	31.pdf
	32.pdf
	34.pdf
	37.pdf
	38.pdf
	40.pdf
	42.pdf
	44.pdf
	47.pdf
	48.pdf
	49.pdf
	50.pdf
	51.pdf
	52.pdf
	53.pdf
	54.pdf
	56.pdf
	57.pdf
	58.pdf
	59.pdf
	60.pdf
	61.pdf
	62.pdf
	63.pdf
	64.pdf
	65.pdf
	67.pdf
	70.pdf
	71.pdf
	72.pdf
	73.pdf
	74.pdf
	75.pdf
	76.pdf
	77.pdf
	78.pdf
	81.pdf
	82.pdf
	83.pdf
	84.pdf
	85.pdf
	86.pdf
	88.pdf
	89.pdf
	90.pdf
	91.pdf
	93.pdf
	94.pdf
	95.pdf
	96.pdf
	97.pdf
	98.pdf
	100.pdf
	101.pdf
	102.pdf
	103.pdf
	105.pdf
	106.pdf
	107.pdf
	108.pdf
	109.pdf
	110.pdf
	111.pdf
	112.pdf
	116.pdf
	118.pdf
	121.pdf
	122.pdf
	123.pdf
	126.pdf


