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ABSTRACT

Aquatic systems are the basic source of life for living beings. Today, climate change is affecting
the worldwide. One of the important results of climate change, perhaps thenpostant, is

the negative effects it has created and will create on aquatic systems. Climate change will also
greatly affect aquatic systems and those who benefit from these aquatic systems and use them
as a source of income. In order to better underdtankflections of aquatic systems on climate
change, predictions about the past, present and future of aquatic systems are of great
importance. This study focuses on the struggle of algae against climate change. Since aquatic
systems are open to publisauand economic benefit, it is necessary to monitor the excessive
algae growth observed in these systems and inform the local people about this issue. The use
of algae in carbon dioxide gas capture applications is a new technology. While algae convert
sola energy into chemical energy through photosynthesis, they also remove carbon dioxide gas
from the atmosphere by incorporating it into their bodies. Especially microscopic algae can
absorb carbon from the atmosphere faster than terrestrial plants da& togh growth rates.

Thus, algae help reduce carbon levels in the atmosphere. This new technology has a high
potential to contribute to the fight against climate change in the world and in Turkey. Incentives
should be given to studies that adopt and @m@nt algae cultivation techniques that increase
carbon storage and reduce climate change and greenhouse gas emissions with this new
technology. A bieecological systerbased harmonious approach is very important in
combating climate change. This approactiudes sustainable management, protection and
restoration of ecological systems to adapt to the negative effects of climate change. It is very
beneficial to be prepared by developing plans and projects in advance against climate change,
the effects of wich will increase in the future.

Keywords: Algae, Climate Change, Struggle, Sustainable Development

1. INTRODUCTION

In order for humans to exist on Earth, the climate must be suitable and water resources must be
sufficient. In particular, in thatmosphere, different chemical components must be present in
certain proportions for living things to sustain their lives. The reason for the mobility in this
layer of the atmosphere, which has the most important chemical components of the climate, is
sola radiation energy. The atmosphere must digest pollutant emissions resulting from human
activities in a balanced manner over time. As a result of the occasional changes in atmospheric
chemistry, climate change has occurred throughout the Earth's appedyihatbillionyear

history. Climate change caused by today's human activities will first affect water resources

1
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(ken, 2022) . Climate change refers to signi
temperature or precipitation, that have been ormgainrecent years. While natural factors
caused climate change in the early periods of Earth's history, the main cause of climate change
observed today is human activities (Kahr aman

Climate change is associated with an increase indheentration of greenhouse gases
in the atmosphere and the resulting increase in average temperatures worldwide. The main
cause of climate change is greenhouse gases released into the atmosphere by human activities.
These are carbon dioxide, methane oni¢roxide and other gases emitted into the atmosphere,
especially by activities such as burning fossil fuels, industrial production and deforestation.
These greenhouse gases accumulate in the atmosphere and prevent some of the sun's rays that
warm the ealtfrom radiating back into space from the earth and trap the heat in the atmosphere.
These gas emissions from fossil fuels accumulate in the atmosphere and lead to an increase in
average temperatures worldwide (Kurnaz, 2023). In recent years, microdgagithave been
used quite frequently in carbon removal as a biological carbon capture and storage technique
due to their high capacity to capture and convert carbon dioxide (Huang et al. 2023).
Additionally, obtaining various valuable compounds from intezlg cultivated microscopic
algae can be used in similar areas such as food, feed and biofuel.

Climate change has a number of negative consequences on a global scale. Climate
change is an important world problem that concerns all living things, all seplant and
animal production globally, making its impact felt more and more each passing day and causing
significant negative consequences. Climate change causes significant economic losses and
negative effects on agricultural productivity by increasimgseverity and frequency of climatic
natural disasters such as floods, droughts and storms. Due to climate change, the yield and
quality of plant organisms decrease, biodiversity decreases and species composition changes
(Ozer, 2021).

As a result of climte change, the warming in surface temperatures that began in the late
nineteenth century has become more pronounced in the early 1980s, and has been increasing
globally, with almost every year being warmer than the previous year. The magnitude of the
global linear temperature increase trend between 1906 and 2005 has reached 0.74 °C. In the
twentieth century, while mithtitude and polar snow cover, polar land and sea ice, and mid
latitude mountain glaciers have melted and decreased in area and volumlengiab sea level
has risen by approximately 0.17 m and ocean temperatures have increased, according to
observation records from tide gauges and sea level meters. While precipitation has increased
by approximately 0.5 to 1 percent per decade in the amd highlatitude regions of the
northern hemisphere, it has decreased by approximately 3 percent per decade in a significant
portion of the subtropical belt lands, including the Mediterranean Basin. In Turkey, in regions
where the Mediterranean precipitatioegime prevails, a significant decrease in winter total
precipitation, namely drought, i s observed
which includes Turkey, is one of the regions expected to be most affected by climate change. It
is estimatd that average air temperatures in Turkey will increase by 1.0 °C to 2.0 °C for the
period 20162040; 1.5 °C to 4.0 °C for the period 262Q270; and 1.5 °C to 5.0 °C for the period
2071-2099. In addition, it is estimated that temperatures will increase@uipitation will
decrease in the Mediterranean Basin, making this basin one of the most fragile regions on earth
(Pekin, 2021)Turkey is highly susceptible to climate change due to its geographical location,
topography and climate structure that valigsegion. It is expected that economic growth will
be negatively affected by changes in temperature and precipitation, and ecosystem degradation
will occur that will negatively affect water quality and quantity. The level of impact of these
effects is lkely to affect each of Turkey's seven regions differently. The Southeastern and
Central Anatolian Regions of Turkey are more at risk of desertification than temperature
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increases. The same situation applies to the-eemid Aegean Region, which does nata
enough water (¥b¢k and Sénmaz, 2024).

Climate change will disrupt the composition and productivity of natural ecological
systems and reduce their biodiversity. However, while some ecological systems respond
quickly to climate change, others respondyvsiowly. Since each species will respond to
climate change and disrupted climatic factors at different levels and in different ways, the
structure of many ecological systems will be disrupted. As the habitats of flora and fauna
change, there may be logatreases in biodiversity due to newly introduced species. However,
increasing negativities may lead to a decrease in biodiversity and an increase in unwanted
species, and habitat fragmentation may create new obstacles for the migration of climate
dependenspecies. Climate change and all changes related to it will affect ecological systems
that contribute to the production of goods and services by controlling material and nutrient
cycles, water quality, water regime, soil erosion, air quality and clindagifk, 2002). It is
useful to be prepared for future climate change by developing plans and projects in advance.
This study is about on the struggle of algae against climate change.

2. DEFINITION OF CLIMATE, CLIMATE CHANGE AND ALGAE

Climate is defined athe average condition of all weather conditions experienced or observed
over many years in any part of the world (Kaya, 2009).

Climate change is defined as a change in climate over a period of decades or longer. The
concept of climate change refers todmer changes in climate values, including precipitation,
temperature and wind patterns, rising sea levels, shrinking mountain glaciers and shifts in plant
flowering times (G¢nay and Hacéyakupojlu, 20

Algae are simplesstructured and chlorophytlontainng organisms. Their chloroplasts
are not free in the cytoplasm but granular on the endoplasmic reticulum. In addition to
chlorophyll, they also carry other pigment substances not found in plants. These pigment
substances also give the specific colors tdous groups. Unspecialized body parts that
resemble the stem elements of plants but do not carry vascular tissue are called thallus (Cirik
and G°kpeénar, 2006) .

3. THE IMPORTANCE OF STRUGGLING CLIMATE CHANGE

It is not possible for any country to combhitnate change, which is a global threat, on its own.

It is impossible for countries to keep themselves out of the negativities caused by climate
change with their own efforts. Therefore, countries need to act with a sense of global
responsibility in ordeto get rid of the dangerous process caused by climate change or to limit
its effects (Erdojan, 2018).

Climate change is among the most important global challenges of our time, as it knows
no boundaries and affects all countries regardless ofléwal of development. The negative
effects of climate change, which directly affect sustainable development, such as temperature
increase, drought, flood, forest fires, loss of biodiversity, increased frequency and severity of
extreme weather events, seadl rise, melting glaciers, food insecurity and increased health
risks, are increasing in the world and in Turkey. Various international reports and scientific
studies indicate that countries' current plans to combat climate change are inadequate and that
it is vital not to exceed the 1.5 degrees Celsius limit, which is dangerous for people, natural life
and ecosystems, in the global temperature increase. Within the scope of combating climate
change, the issue of transitioning to alocarbon economy atglobal level envisages a radical
transformation that will change people's lifestyles, production and manufacturing methods.
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Therefore, combating and adapting to climate change should not be perceived as a mere
environmental problem. In reality, this striggnhay directly affect the growth strategies, energy
policies, health and agriculture programs, water resource use, food security, transition-to a low
carbon economy and sustainable development goals that countries will follow and may be
decisive in theidevelopment. In order to achieve these goals, it is important for developed
countries to fulfill their commitments in financing, technology transfer and capacity
development (URLL, 2025). For this, international cooperation is of great importance.

4. STRUGGLE OF ALGAE WITH CLIMATE CHANGE

Algae, which perform the first production through photosynthesis, have very important roles in
aguatic systems as they form the first link of the food chain. Algae show a geographical
distribution depending on the phydiand chemical changes of the environment. Human
activities, domestic, industrial and agricultural wastes have had a direct effect on eutrophication
in recent years. In addition, nitrogen mixed into water from the atmosphere, nutrients carried
by rainwaterand substances carried to the environment through drainage are natural
developments that accelerate the pollution process. One of the most obvious results of
eutrophication is the occurrence of excessive algal blooms. The increase in phytoplankton
populatons causes the color, odor and ecological balance of the water to deteriorate. In
addition, excessive algae growth causes toxic effects for many living creatures in the aquatic
environment and causes deaths (Aktar and Cebe, 2010).

The increase in tempetae of aquatic systems, especially due to climate change, will
force many aquatic organisms to change their habitat. This will cause very important changes
and losses in the food chain. The food chain in aquatic systems can sometimes be very long and
is eaily affected by many factors such as water temperature and current systems. The most
easily measurable effect of climate change is the increase in water temperatures. The food chain
in aquatic systems starts with microscopic algae. Phytoplankton cassthetfirst step of the
food chain in aquatic systems. As water temperature increases due to climate change, algal
blooms also increase. Phytoplankton live in the lighted surface waters of aquatic systems. These
phytoplankton serve as food for many aquapecies such as zooplankton, fish, shrimp, and
mussels. The most important benefit of phytoplankton is that they produce 70 percent of the
oxygen on earth. Phytoplankton play a very important role in the carbon cycle. The organic
matter yield created biierbivorous species that feed on benthic or phytoplanktonic algae,
which provide the energy necessary for their lives from primary production, is sustained by
phytoplankton. As a result of the increase in the temperature of aquatic systems, algae species
migrate to new regions suitable for their lives (Kayhan et al. 2015). Thus, significant changes
occur in the food chain.

Coloration in aquatic systems can be caused by algae living in the water, rocks on which
the water is located, or chemicals released essult of the death of some living things. The
number of algae living in the water increases greatly at times, and the color of the algae can
cover the entire environment. This situation, also known as an algal bloom, can occur in very
different colorss hape s, and sizes (G°zceliojl u, 2017
pressure on water quality. In dry months, water quantities in aquatic systems will lead to higher
concentrations of pollutants, especially from point sources. This will cause wiatéy qo
decrease. Warmer waters mean less oxygenated waters. The decrease in dissolved oxygen
levels, which is one of the most important determinants of water quality, causes serious
pollution problems. Dissolved oxygen concentrations are lower in wawagers, and
increasing temperatures encourage the proliferation of algae species that consume dissolved
oxygen when they decompose and decay (Karaman and Goékalp, 2010).
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The increasing density and frequency of bdmeen algae, which cause taste and odor
in aquatic systems, is a growing global problem. Human activities such as climate change and
agricultural loads are increasing the algal blooms. Especially in stagnant water systems and
potable water sources, taste and odor problems are frequently experterecto algae. The
most frequently reported eartoody-musty tastes and odors are caused by-piaen algae
(Fakéeojlu et al. 2018). Therefore, while pre
of taste and odor, in recent years, studies laia@ been conducted in terms of algae in terms
of taste and odor.

Phytoplankton are also vital for climate change. While approximately 25 percent of
anthropogenic carbon dioxide emissions are bound by terrestrial plants, 25 percent are bound
by phytoplankbn in the oceans for aquatic production. 10 gigatons of carbon are transferred
from the atmosphere to the oceans annually. Therefore, even small changes in phytoplankton
growth can affect atmospheric carbon dioxide concentrations that will feed backbtd glo
surface temperatures. On the other hand, the oceans, which are estimated to have absorbed 40
percent of the total carbon dioxide emissions given to the atmosphere by humans since the
industrial revolution, are therefore facing the problem of acidifioatt is estimated that this
problem affects more than 95 percent of open ocean waters near the surface. It is also stated
that the oceans have the capacity to absorf®07Percent of foreseeable global carbon dioxide
emissions (Eren, 2021). The use lfag in carbon dioxide gas capture applications is a new
technology. Algae use carbon dioxide gas in the atmosphere as a source of energy through
photoautotrophic nutrition. Photosynthesis is the production of organic compounds from
inorganic compounds sh@s carbon dioxide and water using sunlight to meet the nutritional
needs of organisms containing chlorophyll. While organisms convert solar energy into chemical
energy through photosynthesis, they also remove carbon dioxide gas from the atmosphere by
incorporating it into their bodies. Especially microscopic algae can take in carbon from the
atmosphere faster than terrestrial plants due to their high growth rates. Algae have an excellent
ability to capture and use carbon dioxide. Algae have a much fasigth rate and a carbon
capture capacity 180 times greater than plants on land (Vuppaladadiyam et al. 2018).
Approximately 50 percent of the mass of microscopic algae is carbon. All of the carbon in the
mass of microscopic algae comes from carbon deogials, originating from the atmosphere.
During the production of 10 kg of microscopic algae, approximately 18.3 kg of carbon dioxide
gas can be removed from the atmosphere. Algae are a very good alternative for capturing carbon
dioxide because they growryequickly. The most important point here is to identify a-fast
growing microscopic algae species that has a high carbon dioxide binding ability and a large
amount of valuable components (Ho et al. 2011). In recent years, many studies have been
carried oubn the reduction of carbon levels in the atmosphere by algae.

Shena et al. (2021) reported that with the parallel spiral flow photobioreactor design, the
biomass yield and carbon dioxide capture ratSmfulinasp. increased by 81.5 percent and
100.5 pecent, respectively.

Zuluaga et al. (2021) reported that the carbon dioxide removal efficiency was highest in
BotryococcubrauniiandScenedesmisp. cultures at 10 percent carbon dioxide, reaching 6.78
percent and 6.60 percent, respectively. In additloey emphasized that microscopic algae can
be an excellent alternative for carbon dioxide capture by transferring carbon dioxide from flue
gas from an industrial chimney to the bioreactor.

Akgul et al. (2022) reported the reproductive efficiency and carbon dioxide retention
efficiency of Chlorella vulgaris as 0.14 g/L/day and 0.25 g/L/day, respectively, for a gas
mixture containing 15 percent carbon dioxide. However, increasing the cadxitedtontent
in the given gas mixture to 90 percent inhibited growth. It was also reported that this situation
could be prevented by gradually increasing the carbon dioxide gas in the gas mixture given to
the algal culture.
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Huang et al. (2023) reported 8t.4 percent increase in the carbon dioxide utilization
efficiency of Chlorella vulgaris It also reported that it provides an effective method for
capturing microscopic algal carbon from industrial flue gas with high sulfate dioxide
concentrations.

The cultivation of microscopic algae provides the use of a large amount of carbon and
nitrogen. In this case, it clearly and clearly indicates that microscopic algae can be used to
remove waste gases containing carbon and nitrogen (Xu et al. 2023). Thu$efgaeziuce
carbon levels in the atmosphere. This new technology has a high potential to contribute to the
fight against climate change in the world and in Turkey. Incentives should be given for studies
that adopt and implement algae cultivation techrsgbat increase carbon storage and reduce
climate change and greenhouse gas emissions with this new technology.

Nutrients reach aquatic systems from point and-pmint pollutant sources. Point
sources are domestic and industrial wastewater.-pdamt souces are fertilization in
agricultural areas, leachate from solid waste storage areas, cattle, poultry and small cattle waste,
atmospheric transport, surface runoff and erosion. Eutrophication is the enrichment of the
natural process of biological produgation aquatic systems caused by nutrients, especially
phosphorus and nitrogen compounds. Eutrophication can result in algal blooms, surface
deposits, surface plant masses and increased benthic aquatic plants. This can cause effects such
as fish deaths, baddor and negative effects on public health due to the decomposition of
organic substances, release of toxic substan
Sajl amti mur , 2018) . Eutrophication occurs i
environmental pollutants. Harmful algae increases are also related to eutrophication caused by
climate change and pollution. Eutrophication is more frequently observed in polluted, shallow
and closed aquatic systems. Harmful algal blooms, defined as a suddexcassive increase
in one or more phytoplankton species locally in aquatic systems, have increased in frequency
in recent years. Excessive algal blooms on the Turkish coast were first observed in 1957 in the
Gul f of Kzmir. Al g a lquert ears Inage beeb addressed @ various s u b
studies. In the Mediterranean systédmophysistripos, Dinophysiscaudata Dinophysis
rotundatg andPseudonitzschipungensave been reported to cause excessive blooms and are
also toxinsecreting algae speciesSezgi n and Yél maz, 2012).

Artliz (2008) determined that the species that caused the phenomenon described as
mixed algal bloom throughout the Marmara Sea Wrigosoleniaalcar-avisandDinophysis
caudataandDinophysisiripos.

Ulcay et al. (2010) repagtl thatMicrocystisaeruginosaand Microcystiswesenbergii
from Cyanophyceae caused the intense algal bloom in Lake Uluabat.

Cicek and Ertan (2012) determined a total of five sections in Kdpriicay River, namely
Ochrophyta, Chlorophyta, Cyanophyta, Charophgnd Euglenophyta, and reported that
Ochrophyta members were richer in terms of taxa and individual numbers than other sections.
In addition, it was reported that there was a significant correlation between physicochemical
parameters and epilithic algaldrsity indices.

The source of the color in pink lakes is an alga c&ladaliellasalinaand Halobacteria
cutirubrum from halobacteria. Especially in the summer months when the temperature and
salinity increase, the algae produce acelbred substanamlled betecarotene. This substance
protects the algae from the harmful effects of keglergy sunlight. Since halobacteria also
reproduce excessively during the same period, the color of the lake turns pink or red. When the
effect of the temperature deases or the rains begin, there is no need fordaetdene
production. For this reason, the fpithk colors disappear. The most wkHown and most
impressive of the pink lakes is Hillier Lake in Australia. Salt Lake in Bozcaada in Turkey is
alsoamong he pink | akes (G°zceliojlu, 2017).
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Gulle et al. (2020) reported thaeridiniopsiscf. cunningtoniiindividuals were effective
in the algal bloom in Karacaérdrbam Lake.

Yumun and Kam (2021) reported that the mucilage in the Sdamwhara containede
most Cloropyhya$tigeocloniunsp.), followed by RhodophytaQeramiumsp) and a small
amount of BacillariophytaRleurosigmasp.).

In the mucilage samples obtained from the Dardanelles, the most dominant species from
the Cyanophyta group algae wéechlorococcusnarinus Synechococcusp, Lyngbyasp,
Trichodesmiunerythraeum Aphanocapsap. andLeptolyngbyssp. , wer e found by
al. (2022).

Climate change is the greatest threat to life on earth. Therefore, it is undoubtedly one of
the mos popular agenda items of recent times. It is not possible to expect humanity to remain
indifferent to this threat. On the contrary, it is necessary to ensure that sensitivity on this issue
becomes global and to take preventive measures urgently acctrdivegresults of scientific
research (Sajlam et al . 2008) . Accordingly,
temperatures in recent years have seriously affected the structure of algae in aquatic systems. It
is necessary to anticipate the negateffects of climate change in advance and to take
advantage of potential opportunities by taking appropriate measures to prevent or minimize the
damage they may cause. On the other hand, there is an increase in nitrogen and phosphate
concentrations in quatic systems and the fact that algae quickly reflect changes in
environmental conditions, and there are changes in their species composition and density. This
has made algae one of the most emphasized groups in monitoring studies in aquatic systems.
Sinee aquatic systems are the environments most affected by climate change and environmental
pollutants, it is very important to know the algae communities of these aquatic environments
and to determine the changes that occur over time. For this, nutrieent@tions and algae
species in aquatic systems should be monitored as an indicator of climate change, human and
environmental health.

5. CONCLUSION

Climate change threatens life on earth from the tops of mountains to the deepest parts of the
oceans, fronthe equator to the poles. Climate change also causes aquatic systems to warm, and
aguatic species are also negatively affected by this change. Climate change also negatively
affects aquatic systems, the biological characteristics, habitats, stocks taidabilgy of

aguatic organisms. Excessive algae growth observed in aquatic systems should be monitored
and local people should be informed about this issue. Carbon capture technologies can reduce
the negative effects of climate change. Serious invessmam® being made in new and
biologically based carbon capture technologies that will reduce climate change and increasing
carbon emissions in the worldwide. Algae are the most proven organisms in carbon capture.
The cost of algae is lower than other chehiechnologies and materials, and their cultivation

is simple and economical. Algae will more come to the forefront in this regard in the near future.
In order to prevent the negative developments of climate change and to deliver a clean
ecological envirament to future generations, more active participation should be ensured in
this issue.
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ABSTRACT

All organisms interact with the environment throughout their lives. The environment includes
many living and nodiving factors. In order to create a sustainable environment Ifor a
organisms, natural balances must be preserved or disturbed balances must be improved.
Although most of the earth is covered with water, most of this water is useless for organisms.
The amount of water that organisms can use is less than one perbentodéftwater. In other

words, the amount of this vital resource, defined as freshwater, is not small, but less than small.
This amount of water is very important for the smooth progress of activities such as health,
agriculture and industry. An importandicator for the use of freshwater resources is the water
footprint. In this axis, water footprint has recently been used to better understand the
connections between water use and increasing pressures on water. This study focused on
evaluating the greewater footprint in the axis of environmental sustainability. The values of
water footprint components vary for each product. Green water footprint is related to agriculture
and food production. In this axis, detailed green water footprint studies steoditssleminated.

In order to protect existing water resources and ensure environmental sustainability, detailed
analysis of the green water footprint is important to contribute to water management policies.
As a result, increasing the green water footprsed in products is important for the
environmental sustainability of water resources, especially in arid orass@hregions.

Keywords: Environmental Sustainability,@en Water Footprint, Water Resources.

1. INTRODUCTION

People's needs aiversifying and increasing day by day. Particularly population growth,
urbanization and migration movements are the main factors that cause an increase in this
diversification. As consumptieariented human activities tend to increase continuously, the

use of natural resources also increases. However, natural resources are limited and are gradually
decreasing, polluted and even disappearing in response to needs. This relationship between
needs and resources has made the concept of environmental sugtasralmhportant topic

of discussion in recent years. Environmental sustainability has become a concept encountered
in every aspect of daily life. The impact of humans on the environment is much greater and
faster than expected. Humans consume more natesalirces than the earth can renew.
Recently, various methodologies have been developed to measure the effects of environmental
problems. Freshwater is an essential natural resource for both organisms and production and
industry. As water becomes scareg @y day, freshwater natural resources are becoming very
valuable today. In this context, a new methodology has been developed to examine water use
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and better understand the connections between increasing pressure on water. This newly
developed methodolggs water footprint (Hoekstra, 2010; Oel and Hoekstra, 2012; Zhang et

al. 2013; Lovarelli et al. 2016). Various studies are carried out around the world in the context
of this new methodology.

Water footprint is the total amount of clean water resoursed tor the production of
goods and services consumed by an individual or society or used by the producer for the
production of goods and services. The water footprint reflects not only the volume of water, but
also the type of water used, when and whelgused. In this respect, the water footprint of a
product is a multidimensional indicator. The first water footprint studies were conducted
nationwide to reveal a country's water resources and the amount that would meet the water
needs in direct produon. Water footprint studies, which have become more popular today,
are carried out specifically for products, companies or commercial goods, and have begun to be
used by the private sector to examine the supply chains of companies (Turan, 2017). fidhe featu
that distinguishes the water footprint from the concept of virtual water is that the concept of
water footprint shows not only the volume of water used, but also when and where this water
was used and the type of water. Considering the current gldimipsocess, rapid population
growth, urbanization, global warming and the effects of climate change, the amount of
freshwater resources and their appropriate sharing between different sectors has become one of
the issues that decision makers think abmost. In this context, it has become even more
important to measure the amount and quality of water used in the production of goods and
services consumed within the country and or
economic connections and crealarming accordingly by creating a balance of efficiency
between sectors, it will ensure that development takes place in an environmentally,
economically and socially sustainable manner.

Green water footprint, one of the water footprint components in tinéexto of
environmental sustainability, was evaluated in this study. This study consists of four parts. In
the first part, the concept of environmental sustainability will be emphasized. In the second
part, water footprint and its components will be disedsdn the third section, green water
footprint will be evaluated within the scope of environmental sustainability. The last part
includes the results and situation evaluation. This study is based on local and foreign literature
review. It is thought thathe evaluations resulting from the study will provide useful ideas in
terms of green water footprint in the context of environmental sustainability.

2. ENVIRONMENTAL SUSTAINABILITY

Environment is the environment in which organisms continue their vitatiuns, biological,
economic, social and cultural lives. Recently, the understanding of environmental sustainability
has become increasingly important. Excessive consumption of natural resources and forgetting
of future generations, and activities domimiatanly by the understanding of production and
consumption, pose a clear threat to the sustainability of the world. Sustainability is the principle
of consuming the environment and natural resources while preserving the right of future
generations to usedm. Sustainability refers to the equitable distribution of natural resources
over ti me, both among the current generatio
2018). Sustainability is not just an environmental problem caused by excessive resource
consumption. At the same time, sustainability can be achieved depending on social, cultural,
economic and political solutions.

Environmental sustainability is defined as the creation and maintenance of conditions
that enable people and the environment tanbgroductive harmony and meet the economic,
soci al and environment al needs of future (
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sustainability requires protecting natural resources and avoiding their excessive use. Living in
a green and clean world isgsible by ensuring environmental sustainability. Environmental
sustainability is critically important in the efficient use of water and preventing pollution of
water resources.

3. WATER FOOTPRINT AND ITS COMPONENTS

Water footprint not only indicated tr@mount of water used in production and consumption,

but also the components of the water used. Components of the water footprint represent water
use and quality. The water footprint has three components. These are green water footprint,
blue water footprihand gray water footprint. The type or scope of water used in water footprint
calculations is represented by the green water footprint, blue water footprint and gray water
footprint components. Of these components, green water is the amount of raiegquaitexdrto
produce any product. The second component within the water footprint is blue water, the
amount of surface and groundwater required to produce any given product. The third
component of the water footprint is gray water, which is the amount slivieger used to
eliminate or reduce the pollution load, based on current water quality standards. In traditional
water use, only the blue water footprint, which expresses the amount of surface and
groundwater, is taken into account. However, unlike trawkti water uses, in the water
footprint method, in addition to the blue water footprint, the amounts of green water footprint
and gray water footprint are also defined. These three water footprint components present
themselves with different ecological fttions. The total water footprint of each sector or
country is equal to the sum of its green, blue and gray components (Zeng et al. 2012; Avanoz,
2020). While green and blue colors indicate water consumption, gray color indicates pollution
on water.

4. GREEN WATER FOOTPRINT AND ENVIRONMENTAL SUSTAINABILITY

When green water footprint is mentioned, it refers to the total volume of rainwater used in the
production of a good or service. These resources are used especially in horticulture, forestry
and agriculiiral activities. It occurs when the amount of precipitation falling per unit area does
not pass into groundwater and remains on the surface or is used by plants. This is an indicator
of the amount of water evaporated and used by plants. The scarcitgofvgreer limits food
production. Green water footprint occurs mostly in agricultural product growing processes.
When evaluating the amount of green water in a region, climate change and variability should
be taken into account, as it is linked to the amouno f pr eci pitation in t
2020). Green water footprint means terrestrial precipitation that does not flow or mix with
groundwater, but is stored in the soil or temporarily remains on the soil or plant.

Green water footprint, blue waterdtprint and gray water footprint affect water systems
in different ways. The availability of water resources in a stream basin is limited by the amount
of rain. Precipitation, which contributes to the amount of water in the basin, leaves the basin
throughevaporation or flows to the seas. Evaporation flows, called green water, can be made
useful through cultivated areas or forests. In this way, vapor streams are used efficiently rather
than being lost to the atmosphere. Surface runoff, which is descsld@deawater in a basin,
can be made useful as green water by withdrawing from the permeable layer and streams and
providing domestic, agricultural or industrial use. In this way, surface flows can be used for
beneficial purposes instead of being losthe seas (Hoekstra, 2010). Green water is cheaper
to use than blue water. Blue water is used when green water is insufficient. Therefore, by
reducing the use of blue water, both production costs and environmental impacts are reduced.
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Especially in agricultre, blue water depends on the type of product, the tolerance of the product
to water shortage, irrigation efficiency and the amount of green water (Lovarelli et al. 2016).
The amount of precipitation affects the supply and demand of green water.

Precipitaion constitutes an extremely important water source for organisms. The
precipitation, together with the temperature factor, is the main factor that determines the
structural characteristics, species richness and rhythm of vital activity of plant and animal
communities on the earth. There is always enough water vapor in the air to form precipitation.
However, the necessary meteorological conditions for this water vapor to condense do not
always occur. As water vapor in the air condenses, snow, hail, raimefog form. Regional
and seasonal distribution of precipitation is an important limiting factor for organisms. There
are seasonal variations in precipitation amounts in tropical and subtropical regions.
Physiological drought caused by frozen water tasahe poles and in the higher parts of the
mountains, and physical drought caused by lack of precipitation and water scarcity towards the
deserts, significantly restrict life and species richness. Only a certain number of organisms can
adapt to these cditions. The mass of water contained in the earth is more or less constant, and
no water molecule can leave the earth and the atmosphere. However, it moves regularly in
nature under the influence of solar energy and gravity. This movement of water b#te/een
lithosphere, hydrosphere and atmosphere is called the hydrological cycle. Atmospheric
movements and marine currents constitute the driving force of the hydrological cycle. The
precipitation factor that affects the water cycle varies depending ordigtiititude and the
atmospheric characteristics of the region |
hydrological cycle is provided by the sun.

Due to the relationship between environmental problems and consumption, population
has an important place the environmental issue. Research conducted at the global level
reveals that one of the two main determinants of humanity's ecological footprint is population
and the other is consumption (Dietz et al. 2007). The most fundamental relationship between
population and environment is that population size acts as a multiplier of activities and
consumption, and that every individual in the population is involved in environmental damage.
Therefore, the size and change of the population, which affects consareptels along with
other factors, is directly or indirectly linked to the environment as a natural consequence of
people's resource needs and their contribution to pollution. Today, the world population still
continues to increase despite decreasingifgntates (Ozgiir, 2017). The world population,
which was approximately 2.5 billion in 1950, doubled in 37 years and exceeded 5 billion in
1987. In 2024, the world population will reach 8 billion. It is predicted that the global population
may reach 8.5ibl I i on i n 2030, 9.7 billion in 2050 ai
2023). Accordingly, the increasing trend in the global population will further increase the
demand for water resources. In this context, water resources should be protechech aged
sustainably. Therefore, water should be used carefully, consciously and economically. In this
way, people can reduce their water footprint. Recently when the concept of environmental
sustainability is of great importance, the sustainability afiwater collection and storage
systems has become a great hope for transferring natural water resources to future generations.
The importance of collecting rainwater and storing and using it under appropriate conditions
has become even more evident.

Organigns cannot always benefit directly from available water. There are many factors
that limit this benefit. For this reason, soil water, which supports the life of plants and terrestrial
organisms, constitutes only a tiny fraction of 0.01 percent of the vea#tr available
worldwide. When the structures of plants and animals are examined, it is observed that their
structures consist of around-80 percent water. Cycles in ecosystems have a very complex
structure. Some cycles occur between organisms andtiiesghere, while others occur
between organisms and soil. It is possible for some cycles to occur in both ways. In addition,

13



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN 9NB:2-5 6 D4b

there is an internal cycle between plants and animals that ensures the preservation and
displacement of nutritional elements withinr gani sms ( Sargéncé et al
and climate change are among the biggest environmental problems of recent times, negatively
affecting every sector from health to agriculture. Climate change has many effects globally and
regionally, and its indicated that these effects will increase day by day. The effects of climate
change include decreasing water resources, increasing droughts and floods, and decreasing
productivity in agriculture. Drought is observed more and more every day dueeffeitteof

climate change. Unconscious use of water resources and failure to receive expected
precipitation increases drought. Drought is one of the main problems of agricultural production.
The agricultural sector uses the most water in the world. Therdkfomincreasingly limited

water resources is increasing rapidly and world food security is endangered (Dirican, 2021). It
is impossible to sustain life without clean, healthy water. To ensure the sustainability of water
resources, attention should begto the use of every drop of water. Water footprint can be
calculated for the production of a single food or a-famd product. Water footprint
components together indicate the use of water, the source of water and the volume of clean
water required toleninate pollutants. When foods are evaluated in terms of water footprint for
protein, the water footprint per gram of milk, egg and chicken meat is 1.5 times higher than
legumes. The water footprint of beef is 6 times higher than that of legumes. Qgrarkilof

beef requires approximately 93 percent green water footprint, 4 percent blue water footprint
and 3 percent gray water footprint. This varies depending on the type of production system, the
source and composition of the feed used for the animaké@Pel017). The main priority
parameter in the blue and green water footprint analyzes of agricultural production is the plant
water consumption, that is, evoptranspiration values, of agricultural products. First of all, the
blue and green evapotranspioati values, which are the water footprint components of
agricultural products, are compared with the effective precipitation and irrigation water amount
to obtain plant water consumption, that is, blue and green evapotranspiration values (Avanoz,
2020). Whe we look at water use by sectors, agricultural water consumption is higher in
parallel with global use throughout the world. When we look at the water footprints of
agricultural products in general, the green water footprint is higher. For this reashrgtim

may be affected by precipitation and climate conditions. In this context, in addition to the
economic benefits of agricultural activities, the pressure on water resources should also be taken
into consideration. For this purpose, awareness andeaess raising about water footprint
should be provided for sector employees and consumers in order to reduce water consumption
in the agricultural sector. Producers and consumers should be informed about the amount of
water spent in agricultural produatigrocesses. It is very important to carry out afforestation
efforts to prevent desertification and erosion. The water content of the basins should be parallel
to the water footprint of the products grown around them. The most water loss occurs in
traditional irrigation methods in agriculture. For this, pressurized and modern irrigation systems
should be preferred. Instead of producing fruits and plants that require excessive water, fruits
and plants that need less water should be produced. In additi@mabke agricultural policies

need to be determined by evaluating the economic benefits of agriculture and its impact on
water resources.

Sustainable development is only possible with a sustainable environment. The
environmental dimension of sustainalyilifocuses on ensuring the continuity of natural
resources. In a sustainable environment, the level of use of natural resources should not exceed
the rate at which these resources renew themselves and the rate of pollutants in the natural
environment shouldot exceed the rate at which resources process pollutants. In this context,
protecting human health, protecting biodiversity and plant and animal life, and protecting air,
soil and water quality constitute the scope of environmental sustainability (Ka3pak).
Environmental sustainability is meeting the needs of future generations by protecting and
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developing environmental values in social, economic, physical and all similar areas.
Environmental sustainability basically aims to protect natural resolreeple should transfer

the water they use to future generations in a better way than the current situation, or if this is
not possible, in its current state. In this context, environmental sustainability aims to control
human pressure on water resouraed thus protect the natural environment. In particular,
deterioration in water resources and lack of continuity in water services negatively affect
societies by triggering fragility in other areas. The small water footprint of societies ensures the
sustanability of water resources. In this context, green water footprint and environmental
sustainability, which is a dimension of sustainability, stand out as two complementary elements.
Although green water footprint and environmental sustainability are tmoplementary
elements, they cannot be used interchangeably. Because while green water footprint refers to
the amount of rainwater required to produce products, environmental sustainability indicates a
desired outcome. Environmental sustainability focuseshproving the quality of life for both

today and future generations. Environmental sustainability shows d@dongorientation by

paying attention to the roots of the problems. Although the concepts of environmental
sustainability and green water fodtgrhave different meanings, they are intertwined concepts
that are related to each other and contribute to each other. Because the green water footprint is
important in achieving the sustainable water target. Therefore, in order to establish water
resoures, the concepts of environmental sustainability and green water footprint should be
approached as a whole and the concepts should be handled from a holistic perspective.

5. CONCLUSION

Sustainability of water resources is extremely important. Water i@soaround the world are

limited and if they are not managed properly, there may not be sufficient water resources for
future generations. The aim of water resources management is to determine a environmental
sustainable potential that will not change thectioning of the hydrological system without
causing permanent damage to natural resources. Water consumption should be reduced to
reduce the demand for water resources. With global warming, climate change and population
growth, the correct and effectiuse of water plays an important role in countries' future water
management plans. Accurately determining the amount and quality of consumed and produced
products and the water used in the process until these products meet the consumer is increasing
in importance day by day. Water footprint values vary for each product grown or produced. In
fact, the stages the product goes through before it is ready for sale, the region where the product
is grown, climate and geographical conditions also cause signifibanges in the amount of

water footprint. Calculation of water footprint components is necessary for sustainable
management of water resources. In order to use water sustainably, calculating the green water
footprint component is important for future plamg, finding solutions to waterelated
problems and raising public awareness. A close relationship should be established between
water, which is the basic element of environmental sustainability, environmental variables and
food security. However, increiag the green water footprint used in products is important for

the environmental sustainability of water resources, especially in arid casemegions.
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OZET

Lakti k asit bakterileri (LAB) ve bitki b¢gyeéem
giderek daha fazla il gi g°rmektedir. Bu feri
aktiviteleri, fitohor monl are -seWwittelzil emetVveei |
g¢-1 ¢ adaptasyonl ar é nedeniyle tareéemda gévVv
edi |l mektedir. LAB Ssukl ar e bitki k © k yézey
kol ayl aktérer, bu da patbienrevpabhhapélhe ka:
al émenée kol ayl akteéereéer. Ayréca, LAB' nin -evre
onl aré s¢grdegrelebilir tarém i -in umut veric
nedenl e, -al ékimhdmaénal kattéen kokduj u demir
Lactiplantibacillus plantaruns uk u i |l e sul amanén ve tohuma pr

rizosfer mikrobiyomunda laktobasil birikimi 16SrRNA amplikon temelli metagenom yontemi

il e araktérél mernar bakebdeygésoau-biyo-exitl
uygul amaséneéen rizosfer mi kr obi yomunda daha
ol ukturdujunu g°stermi«ktir. Shannon ve Simps
baskéenl ékndepbumekapl ama grubunda g°zlendiiji
analizleri (Jense&thannon mesafesi vV e PCoA) i se uy gu
mi krobi yal topluluk kompozisyonunun belirgirtr
tohum kab ama grubunun kontr ol ve sulama grupl ai
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ayreéel masé, dojrudan inokg¢lasyonun rizosfer 'y
Lactobacilluso k u mal ar énén en y¢ksek d¢zeydemasléeama i
bu y°ntemin daha g¢-1¢ rizosfer kolonizasyor

uygul amasé erken d°nem kolonizasyonu destek

sajl amexkt éer .

Anahtar Kelimeler : soya,Lactiplantibacillus plantarumgizosfer mikrobiyom
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ABSTRACT

Lactic acid bacteria (LAB) and plant growpinomoting bacteria (PGPB) have recently been
gaining increasing attention. These fermentative and probiotic bacteria are considered safe and
effective biofertilizers in agriculture due to their broad metabolic activities, phytohormone
synthesis, low pathogenicity, and strong adaptation to various environmental conditions. LAB
strains adhere to plant root surfaces, facilitating rhizosphere coionizathich suppresses
pathogen proliferation, lowers pH by producing organic acids, and facilitates nutrient uptake.
Furthermore, LAB's resistance to environmental stress and rapid multiplication in soil make
them promising alternative microbial agents $astainable agriculture. Therefore, this study
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investigated the accumulation of lactobacilli in the rhizosphere microbiome of soybeans using
a 16SrRNA amplicofbased metagenomic method, focusing on irrigation with
Lactiplantibacillus plantarumand seed pming under alkaline conditions that cause iron
deficiency. The analysis results indicate that the seed priming application created a more
balanced and diverse bacterial community in the rhizosphere microbiome. The Shannon and
Simpson indices revealed thié highest diversity and lowest dominance values were observed
in the seed coating group. Beta diversity analyses (JeBkannon distance and PCoA)
showed that microbial community composition differed significantly depending on the
application methodnlparticular, the clear separation of the seed coating group from the control
and irrigation groups along the first axis indicates that direct inoculation reshaped the
rhizosphere structure. The detectioha€tobacillusreadings at the highest levelghe groups
inoculated with irrigation indicates that this method provides stronger rhizosphere colonization,
while seed coating supports early colonization and contributes to increased microbial diversity.

Keywords: soybeanl actiplantibacillus plantarumrhizosphere microbiome
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ABSTRACT

In this study, a watebased photocurable resin was modified with bamboo fiber and lavender
essential oil and processed via SLA to explore more sustainable composite formulations. TGA,
and tensile analyses showed that all systems exhibited similar tHeh@alior, with the main
degradation occurring between 33@5 °C and 50% mass loss aroundi4i® °C, indicating

that additive incorporation did not significantly alter overall thermal stability. In contrast, the
mechanical response was highly sensitivecanposition. Bamboo fiber provided a clear
reinforcing effect, increasing tensile strength from 33.93 MPa to 37.43 MPa and modulus from
994.28 MPa to 1389.2B81Pa. Conversely, lavender oil caused a sharp deterioration in
properties, reducing strength to0.48 MPa and modulus to 495.85 MPa due to its plasticizing
effect. These results highlight the distinct roles of the two additives, with bamboo fiber acting
as a reinforcing phase and lavender essential oil reducing thédvdaaithg capacity of the
polymernetwork. The results demonstrate that the effects of natural additives in SLA resins are
strongly formulatiordependent, with bamboo fiber promoting reinforcement and higher
lavender essential oil contents reducing strength and stiffness through plésticiza

Key words: Stereolithography (SLA), watdrased photopolymer resin, bamboo fiber, lavender
essential oil, biocomposite.
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TERAP¥TKK FAYDALARI
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OZET

Bit ki kaynakl & fitokimyasallar, oksidatif S
korunma ve y°netme konusunda °nemli Bhuyol oj i
coriariaL)Akdeni z Db°l gesine ait olan bir bitki o |
ve organik asitlerce zengindir. Bu bilexikle
vV e kardiyoprotektif °czell ikl er éikaa a nsduénranjaeki
fitoki myasal i-erijini, biyolojik etkilerini
géncel i terategr €EKEéj eénda dejerl endirmeyi
dejerlendirildijinde, s uma]engelleyeeedkdidatifstrasik si | e
azaltte] e, i nfl amatuar sinyal yol akl aréneée n
de¢kerdeg]j ¢ ve antimi krobiyal et kil eri sayesi
gesteri |l miktir. Ay rng@acjaé ny anpeetl aabno | -i akl éskemmad raor nal,a
n®°rodejeneratif hastaleéeklar ¢zerinde koruyuc
ol arak mevcut bDbilimsel veriler dejerlendiri/l
Kl inik eve&kimdt §mnii yne | terap®ti k faydal areéener
-al ékmal aréna i1 htiya- wvarder.

Bu -alékmada sumajén fitokimyasal i-eriji, b
terapotik etkileri guincel literattr gbzden gecgirilkkere s unul maya - al ékél acakt

Anahtar Kelimeler: Sumak, fitokimyasal igerik, biyolojik etkiler
ABSTRACT

Plantderived phytochemicals are compounds with important biological activities in protecting
and managing chronic diseases caused by oxidative stresaflantmation. Sumac (Rhus
coriaria L.) is a plant belonging to the Mediterranean region and is rich in phenolic compounds,
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flavonoids, tannins and organic acids. These compounds give sumac antioxidant, anti
inflammatory, neuroprotective and cardioproteetproperties. In this review study, we aimed

to evaluate the phytochemical content, biological effects and therapeutic benefits of sumac on
human health in the light of current literature. When current literature information is evaluated,
it has been showthat sumac reduces oxidative stress by preventing the formation of reactive
oxygen species, modulates inflammatory signaling pathways, reduceasflpnomatory
cytokine levels and is used as a natural food preservative thanks to its antimicrobial effects
Additionally, studies have concluded that sumac may have protective effects on metabolic
syndrome, cardiovascular and neurodegenerative diseases. As a result, when the current
scientific data is evaluated, sumac can be a functional food and more hudias ate needed

to clarify its clinical effectiveness and potential therapeutic benefits. In this study, the
phytochemical content, biological effects and potential therapeutic effects of sumac on human
health will be presented by reviewing the curretetrditure.

Keywords: Sumach, phytochemical content, biological effects

1. GKRKK

Bitkisel kaynakl é& biyoaktif bilexkikler, son
yojun kKekil de arakteér él makstaajdieej.e mBa z & i bierr-doek
ve besin °fesi ol mayan biyoaktif biYagkel k|l er e
Ling, 2025 . Fitoki myasall ar én i nsan sajl éjene
°nl enmesi ndeki r ol ¢ muikr -voeek baur af ki tt @orkmianyyaa skad nl ua
g¢n daha da artmaktadér. Fitokimyasallarl a vy
aktiviteler:i ortaya konul muk ve insan sajl é&]j
-al ek el mé&Anmbigaipdled,h2@1b;iCdry vd., 2018; Salehi vd., 2019; Zannou vd.,
2025) . Bitkisel kaynakl e fitokimyasallar,
dé¢zenl eyerek metaboli k sendrom ile ilikkild@
yapah | mekt edi r . Bitkilerdeki bi yoaktif bil ek
kapasiteyi artermakt a vV e l i pid profilii i
etkileyebilmektedir (Ehsani vd., 202RpdriguezMateos vd., 2025Gasmi vd., 2023errone

vd., 2022 G¢ndexkl| i, 2025) . Fitoki myasall arén oks
risk faktorl eri czerindeki etkileri, sumak ¢

faydal arenée g¢ndeme getirmiktir.
Sumak Rhus coriaria L) Anacad i aceae familyaséna ait ol an

ol arak kullanélan bir Akdeniz bitkisidir. St
-eki t |l Akdeni z ve Orta Doju ¢l kelerinde ger
Abu-Reidahv d . 2014; Al samri vd. , 2021) . Sumak ge
fitoki myasal i -eriji nedeniyle modern bilim
(Shabbir, 2012; Abdreidah vd., 2015). Sumak bitkisi, fenolik asitler, flavonoidi@nenler ve

antosiyaninler gi bi °neml . fitoki myasal S Eér

aktivitelere sahiptirJafari vd., 202@&osar vd., 2007; Shabbir, 2012; Zannou vd., 2025)
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Bu | iteratg¢r - al é ditoakengasahploéli, béyolajkeetkilerbvie indan s i ni n
sajl éeje ¢zerine potansiyel terap°tik faydal a
-al exkel deée.

2. SUMAJI N FKTOKKMYASAL PROFKLK

S u ma jRaus cofiaria L) fitokimyasal profili, onun biyolojik aktiveleri ve potansiyel
terap°ti k etkileri belirleyen temel bil exker
fitokimyasallar fenolik bilexkikl eieidaiidav onoi
2015; Alsamri vd., 2021Khalil vd., 2021;Batiha vd., 2022Zannou vd., 2026

Fenolik Bilesikler Flavonoidler

« Quercetin Qh g :
- Kaempferol S
2 S
« Myricetin
Kardiyoprotektif ve
antiinflamatuvar etkisi

- Gallik asit
- Ellagik asit
« Katesinler

Guglu antioksidan etki,
| oksidatif stresin azaltilmasina
_ katkisi

Tanenler ~ \\

Organik Asitler
« Hidrolize Olabilen Tanenler - Malik Asit o&)o\
e
%g,

* Yogunlastirilmis Tanenler « Sitrik Asit

Antimikrobiyal Slabe do g R + Oleanoik Asit |
Ve baglayici etkisi ) \ Metabolik ve L

N A \\\blyolojik katkist g > /

G°rsel 1. Sumakta bulunan fenolik bile
Sumakta bulunan fenolik bilexkikler g¢-1¢ ant
peroksidasyonunu inhibe eder ek 2 Shahdisve l has
Ambi gai pal an, 2015) . Galli k asit, el l agi k @

antiinflamatuar ve antimikrobiyal etkilerinde 6énemli rol oynarlar (Adeidah vd., 2015;
Ozcan vd., 2018&halil vd., 2021;Batiha vd., 2022Zannou vd, 2025).

Sumakta bulunan quercetin, kaempferol ve myricetin gibi flavonoidler antioksidan etkilerinin
yanénda kardiyoprotektif ve n°roprotektif e
||

Isgro vd., 2022Ah med vd. , 2026) . Tanenl er i se ©%9ze
czerinde et kild9 olup antimi krobiyal °czell ik
cekmektedir (Kossah vd., 2009; Shabbir, 2012). Sumakta bulunan malik asit ve sitrik asit gibi

organi k asitler sumajén hem tat profilini he
Sumajén fitokimyasal zenginlifjgi yalnézca te
birbirivyle sinerjik et kisine b a finflaendt@ar, . Bu
antimikrobiyal, metabolik ve kardiyoprotekt:i
(Shabbir, 2012; Abireidah vd., 201K halil vd., 2021;Batiha vd., 2022Zannou vd., 2025;

Shidfar vd., 2014Khalil vd., 2021;Jafarpour vd.,@ 2 4 ; Ghafour.i vd., 2024
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fenoli k ve flavonoid i-erijin y¢ksek ol maseé,
kroni k hastaleéején ©°nlenmesinde kullaneéel abil
fitoki myasal enmesie onuj hemi hiyolojik eetkileninin hem de terapotik
faydal aréenén ortaya konmasénda yapeélacak ol &
ol ukturur

3. SUMAJI N BKYOLOJKK ETKKLERK VE POTANSK)
FAYDALARI

S u ma jRaus cofiaria L) gelen& s e | teptaki kull anémé ve so
arakteéermalar, bu bitkinin ©°neml.i biyol ojik

ol dujunu kaneétl ar d¢gzeydedir.

Sumajén en di kkat -ekici ©°zell i kkleesayesideen bir
g¢-1 ¢ antioksidan aktiviteye sahip ol maseéede
n°tralize ederek hg¢gcresel oksidati f stresi a
ve DNA hasaréeéné engelrliesykarngak °kiream ii k °H a sstdeel ak

vd., 2009; Shabbir, 2012; AHReidah vd., 2014; Shahidi ve Ambigaipalan, 2045alil vd.,

2021; Batiha vd., 2022Zannou vd. , 2025) . Sumaj én fenol.
kaynakl & antioksidan &etkisi, di yabet, kar di
oksidatif stresin rol oynadejée durumlarda poc¢
yanrea s&ntiinflamatuvar etkileri nedeni yl e séEé
bil eki kler sayesinden antimikrobiyal aktivit

Shabbir, 2012; Ostadrahimi vd., 2025; Canbey, 2025;-Réidah vd., 2015Zannou vd.,
2025). Kronik inflamasyon temelli metabolik sendrom, noérodejeneratif slrecler ve
kardiyovask¢l er hastal éklarén °nl enmesinde f

Sumakta bulunan galli k asit vlozarakani#akteyel mi kr
ve antifungal °czelli kleriyle ©°n plana - é&km:
koruyucu ajan hem de gastrointestinal ve or

doj al alternatif hal i ne Kahkesham wileg RA19KekiyrvaBor g
Ghamsarivd., 202350 ma n o ws k a Zanrsbu vd., 202%)2 4 ;

Sumak met abol ik a-édan dejerlendirildijinde
sumaj én °neml i et kil eri ol duj u vV e gd i koz
bulunduju, |ipid profili ¢zerinde olumlu etk
potansiyeld] il e kardiyovaskg¢l er ri skin azal

(Cory vd., 2018; Shidfar vd., 201Khalil vd., 2021 Jafarpound., 2024; Ghafouri vd., 2024).

Sumak il e yapélan -al ékmalarda °zellikle bi
n®roprotektif et kil eri ol duj u, b u bil eki kl e
mi kroglial aktivasyada] & eb iilsgloivdgig02B\ywethwlr, b@ s k é
2026) . Bu bil giler ékéjenda sumak Al zhei mer
s¢re-lerinin yavakl amaséna katkéeda bulunabil
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V¥  Sumagin Biyolojik Etkileri ve
. Potansiyel Terapotik Faydalar:

Antioksidan Etki Kardiy(()lv?skiiler
* Oksidatif stres 4 F‘ay alar
* Hiicre korumasi % *Kolesterol 4

\, * Kalp saghg

\ Noroprotektif Etki

» Kronik hastaliklar 4 ’ : °zeymdsagllg| .
. * Norodejenerasyon

Antimikrobiyal V ' : ,
Aktivite [ ' Potansiyel Terapétik Alanlar
% ﬁ Metabo

Se o/ Antibakteriyel lik DeStek w @& Kronik Hastaliklar
w:{ * Antifungal g~  Glikoz dengesi (i) Enféksiyonlar
\J ../ ° Diyabet yonetimi 3¢ Metabolik Sendrom
o A @ Kardiyovaskiiler Hastaliklar:
@) Norodejeneratif Bozukluklar

G°rsel 2. Sumajeén biyoloji kagdlal lae€ei ve pot
Sumak t¢m bu biyolojik aktivitelerdi nedeni vyl
potansi yel bir terap°tik ajan olarak dejerle
4. SONUC
Mevcut Dbili msel kanéetl ar, S umaj &inlu biylojig i n f i t
etkilere sahip ol duj unu g-Redahevd. n2disKhalitl vd.; (Sha
2021; Batiha vd., 2022Zannou vd., 2025|sgro vd., 2022Ah med v d. , 2026) .
antioksidan, antiinflamatuar, antimikrobiyal, ndroprotektif, metabolik kardiyoprotektif etkileri
onu fonksiyonel géda ve nutras°tik gelixktir:
getirmektedir. An claikk | sswrmanji enn otr¢gna ylau kP mana s é
klinik wuygul amal ara aktareéel abil mesi i -in da
i htiya- wvarder.
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OZET

Zerdecal Curcuma bnga L) bitkisinin biyoaktif bil ekenl e
biyolojik aktivitelerinden dolayé son yeéellar
taraféndan hem gel eneksel tépta hem de mu t
e Kilerinin -ojunl ukl a Kur kumi nden kaynakl!l a:
Kur Kumi n, d¢kek moleke¢gler ajéerl éja ve |ipofi
gecebilmekte ve birgok hiicresel sinyal yolunu etkileyebilmektedir. Bu 6zeltiki nden dol a
Kkurkumin antioksidan ve antimikrobiyal et kil
gosterebilmektedir. Kurkuminin en énemli 6zelliklerinden biri guiclt antioksidan aktivitesidir.

Bu aktivite sayesinde kurkuminin oksidatif stregejbl € di yabet, n°rodej en
i nfl amatuar hastal ekl ar gi bi bir-ok hast al é
faydal ara sahip olabileceji d¢kenegl mektedir.
Ozelliklere sahiptir. Bircokink r oor gani zmaya karké potansiyel
veya destekleyici bir antimikrobiyal ajan ol
Kur kumi nin bi yoyararl el é]J énén d¢ K¢k ol mas e
ol uktadémaktBu nedenl e gelecekteki -al éxkmal ar
i nsanl arda klinik -alékmalara odakl anél maseéeé
bi yoakti f bil ekenlerinden Dbiri o | tkilari sému r k u mi
-al ékmal ar éexéjéenda ele alénarak literatge¢re

Anahtar Kelimeler: Kurkumin, antioksidan etki, antimikrobiyal etki
ABSTRACT

Curcumin, one of the bioactive components of the turmeric (Curcuma longlaht,) has been
intensively researched in recent years due to its strong biological activities. It is known that the
therapeutic effects of turmeric, which has been used by the public for centuries in both
traditional medicine and cuisine, are mostly deecurcumin. Curcumin, an important
polyphenol, has a low molecular weight and lipophilic structure, can easily pass through cell
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membranes and affect many cellular signaling pathways. Due to these properties, curcumin can
show various biological activitiegspecially antioxidant and antimicrobial effects. One of the
most important properties of curcumin is its strong antioxidant activity. Thanks to this activity,
it is thought that curcumin may have potential benefits in the prevention or treatment of many
diseases such as oxidative stredated diabetes, neurodegenerative diseases and inflammatory
diseases. Curcumin also has brgaéctrum antimicrobial properties. Its potential activity
against many microorganisms suggests that curcumin can be used ateraative or
supportive antimicrobial agent. However, the low bioavailability of curcumin constitutes a
significant limitation in clinical applications. Therefore, it is of great importance that future
studies focus on formulations that increase bidagity and clinical studies in humans. In

this study, the antioxidant and antimicrobial effects of curcumin, one of the bioactive
components of turmeric, will be discussed in the light of the latest studies and an attempt will
be made to make importacntributions to the literature.

Keywords: Curcumin, antioxidant effect, antimicrobial effect

1. GKRKKk

Gel eneksel tép uygul amal aré hem doj al hem de
¢l kel erde birincil sajl eékbilri-zorke tbl°d rgiersii m dkea yi n
ila-lara ©°zellikle de bitkisel ol anl ara dah.
dijer ila-1lara g°re daha g¢venli alternati f
Antel ve Carvalheiro, 2013).Ozd i k1 e bit kil erden el de edil en
kull anél an bitkiler benzersiz ki myasal yapeé
a-éséndan zengindir. Bu bilexkikler ©°nemld.@ b
onlenms i nde ve tedavisinde potansiyel terap®tik
2018; EtSaadony vd., 2025).

Zerdegal Curcumalongal)., hem bilim d¢g¢nyaséndan hem de
g°ren bir bahkamazttféed. aZzerede nalen r i(dewlingsu ot s u
ve Kalman, 2017)Zer de - all bakta Hindistan ol mak ¢ze
kull anélan bir baharat ol up, ri zemlrér & otza 2a,l
getirilmik olarak t¢ketil mektedir Ayréca As)

kull anél é&r ve boya g°revi g ° 20Q8r Kapodt vesSarafj n v d
2011; Zorofchian vd., 2014; Haadony vd., 2025 )

Kur kuminin kaynajé olan zerde-al én tébbi ° z
°czelli kle Asya gel eneksel tébbénda bigdk eskil
arakteéermaya konu ol muktur. Zerde-aleén yg¢zyel
ol arak kull anél maséeyla g¢venlii bir bitki o |
hastal éj é, kanser, di yabet ver eomakiizmal hha
tedavisinde de kull anél meé kSaadony ydA 20R3dewlangsqg v e A

ve Kalman, 2017.

Kurkumin,, h¢cre zarl aréné kolayca ge-ebilen dg¢kyg
(Hosseini ve Hosseinzatl, 2018; Den Hartogh, 2019 Kurkumin, antienflamatuar,
antidiyabetik, n®°roprotektif ve hastal ékl ar/|l

sajl ék yararl ar é a- é&s é Gidrdanovg Bomrgodaro, ). ar ak ar a
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Kurkuminin i r den f azl a sinyal mol ek¢l ¢n¢g hedef al
aktivite gesterdiji, bu da -okl u sajl ek y
gostermektedir Gupta vd.,2013Hewlings ve Kalman, 2037Kurkumin Norolojikh a st al e k| ar
i nfl amasyon, diyabet ve -exitl:@ kanserl erl e
duzenler Giordano ve Tommonaro, 209 ) . Ek ol ar ak, Kkurkumin se-

i nhi be ederek gl i koj erno tneeatzaobnoalli zyrdbahg, @0tEe adzeajliti

Kurkumin takviyesinin sayeéseéz terap°tik f a\y
antioksidan ve antimikrobiyal et kAgdasvalvdn d e n Kk
Harikumar, 2009; Hewlings ve Kalmag017. Antioksidan ve antimikrobiyal mekanizmalar
yoluyl a bildirilen faydal ar éna raj men, kur
sorunl aréndan biri, esas ol arak zayéf emi | i
kaynakl|l anan d ¢ K &£k Andphd ydq Y@THawlihga nee Kabndn, 2037

Kur kuminin biyoyararl anéméné iyilexktirmek i -
ana aktif bil ekeni ol an piperin kurkuminin
getirmektedir $hoba vd 1998; Hewlings ve Kalman, 20117

Bu -al ékmanén amacé kurkuminin antioksidan v
potansiyel faydal ar e géncel bili msel i te
-al ékeéelacakter .

2. KURKUMKNKN ANTVEORNIKKMKKROBKYAL AKTKVKTELER

Zerde-alda bulunan doj al bir bilexkxik olan ku
bu etkilerinin de insan sajlejée ¢zerine say
Kur kuminin bu tejruarpi®n i&ntfiagykdsaildhare,n amti i nfl a

etkilerinden k ay n gAgtaaval dve | Harikutmar, | 2009Guptanvd. K t 1 r
2013; Hewlings ve Kalman, 201°El-Saadony vd., 2025).

.
Metabolizma & Biyoyararlanim Ku rkumln
& o~ Emilim & ‘4"'; , O A AN oy
(Bagirsak) a - OpN . S o
2 J » OH oM ~a
Metabolizma
(Karafiger) Mikrobiyal Etkiler

Sl Antibakteriyal Etki
4 Disiik Biyoyararlanim ¥

4 Piperin ile Artig

_ Antioksidan Etkiler

;%‘ ROT ve RNT Temizlenmesi
L

., » Bakteri Hiicre Zar Hasari

Vi " * Bakteriyel Ureme }

Antiviral Etki

¢
X;

I '*;'& * Viral Replikasyon }

Antioksidan Enzimlerin Artisi « Viral Dongl inhibisyonu

(SOD, Katalaz, Glutatyon)
- N C— Antifungal Etki
1 Oksidatif Stresin Azalmasi O - e
Q)( 't/a . » Mantar Blyilmesinin
7 l o] %  Engellenmesi
\ - ¥

i) Hiicresel Koruma g Hticre Yikimi
v Lipid Peroksidasyonunun
’ﬁr Azalmasi

2.1.Kurkuminin AntioksidanAktivitesi
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Oksidatif stres, endojen antioksidanl ar il e
mol ek¢l | er araseéendaki dengesi zIlikten kaynak
s¢re-ler sérasénda bil e ¢ r datbirikmesnsonua biyolbjik f o k s
bil ekenler oksitl ener ek dankan vdh 204&Jabezykme,y d a n a
2027 . Organi zmal ar ROT kaynakl & zararée ©°nl en
kul | aBat iHaberle ¢d., 2010 Kurkuminin antioksidan aktivitesi en énemli 6zellik

olarak kabul edilir. Kurkuminin reaktif nitrojen ve oksijenin turlerinin (RNT ve ROT)

uzakl akter él mase, far kl é enzimlerin d¢zenl
kurkuminin oksidatif stres betire - | e r i czerindeki antioksidan

(Qiu L vd., 2023 EI-Saadony ve 202p

Yapélan bir -alékmada diyabetin neden ol duj
aktivitesi gesterilmiktiral @Ok maacdhaet s ¢ p sréeo laani ti
artan ekspresyonunun kurkuminin antioksidan
( Haryuna,2017).

Sankar ve arkadakl aré hem serbest hem de kap
ve CAT gibi antioksidanrez i ml erin aktivitesini dol ayl & ol
( Sankar vd., 2015 . Kur Kumin ayreca dijer antioksid
antioksidan etkiler gosterirAftab ve Vieira, 201

Son yir mi y € | dlarkuminin antioksidan @&Zellklermia deaserbest radikalleri
temi zl eme yetenejinin altéenda yatan mekani .
oksidatif hasarée ®RmnabkRd eélyapglPan eml en miak teikrm(a

antioksidan enzimaktv i t e si ni arterarak karacijerdeki o]
bi |l di rKuhchai 2014.i r (
Bakta bir -alékmada ise kurkuminin sé-anlarée

oksidatif hag@as €t e P(iabesnywe tRipjdnidant] 2015).

Kurkuminin ROT dretimini ve lipid peroksidasyonunu azaltarak hiicreleri radyasyonun neden

ol duju oksidatif hasardan korumaktadér Kurkdu
etmekl e kal maa, dayeé zaamaoksi danl aRiagrd., et ki n|
2024; El-Saadony vd., 2035 Bu bulgular umut verici olsa da, kurkuminin antioksidan
faydal aréenén tam kapsaméneé dojrul amak i-1in
duyul maktadeéer

2.2.Kurkuminin Antimikrobiyal Aktivitesi

Kurkuminin ant i mi kr obi yal aktivitesi; mi krobiyal
mi krobiyal enzimlerin inhibisyonu ve hatta
farkl é me kadedilellim gMurgadlaa vd., 2023) Kurkuminin antibakteriyel

mekani zalatse&r, i he¢ecre zar e be¢etenl ¢ ¢neén bozu
°zelli klere sahip olan Kurkumin ©°ncelikle b
etkilekim 2ameaunadk ékkanl eéj éne vV e ge-irgenl

sézmaséna ve hg¢gcre °1 ¢mgne yol a-maktadeéer .
sisteminden koruyan karmakék yapéelar ol an b
edebilmekedir Gautam vd., 2007; Anand vd., 2008; Hatcher vd., 2008; Gul ve Bakht, 2015;

z

i

Murtadlo vd., 2023 . Yapesal bo ulmanen yané seéra kurk
vV e transkripsiyonu i-in hayati ©°nem takéyan
daonlerAyr éca kkohaki bapéekékl|l ék sistemi anti mi K
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i -in mod¢l e etti]i gesteri |l miktir. Kur kumi n,
gi bi infl amasyonda yer alan -exitli sinyal

patoj eni temi z|l emede doj uktan gie |[Elk plarak, aj é k é |
kur kumin konak hg¢crelerini mi krobiyal toksir

Ozelliklere sahiptir egi vd., 1999; Praditya vd., 2018@urtadlo vd., 202R

Kurkuminin antimikrobiyal aktiviteleri ile ilgili hemn vitro hem den vivool ar ak - exi
mi kroorgani zmal arwe k@g «kleg tarmstti me Kirlorhii K a | po
doj r ul a wunl@minirg IStaphylococcus aureusEscherichia coliPseudomonas
aeruginosave Helicobacter pyloridahil olmak tGzere her@rampozitif hem de Granmegatif

bakterilere karké etkil:] ol duju g°steril mi«kt
bozduju ve bakter:] proteinlerinin ve DNA'se¢@e
°l ¢m¢gne yol a-teée] e&kugXmugni me int edoikrl.u Dahaas édi r e
m¢cadel ede potansiyel faydalaré g°steril mick
kul |l anéméné Teow kdg ROLGa Munaxlew vde 20R3(
Kurkuminin antiviral aktivitesiyle ilgiio | ar ak yapél an - al ékmal ar da
ve Zika virg¢gseg de dahil ol mak ¢zere -exitli
vir¢gslerin replikasyon d°ngé¢sé¢ne m¢gdahal e e
ol duj umibk Badaeirvd.,12022; Soni vd., 2020 A kurké@rgnan birgcok mantar
te¢regne karke -ok yo°nl ¢ bir antifund@lciaaj an o

Gomes vd., 2012; Thomachan, 2D16

3. SONUC

Zerde-al én bakl éca biyoaktif bilexkiji olan Kk
g¢-1 ¢ antioksidan ve antimi krobiyal °czel l il
Kurkumin ile ilgil:@ yapél an - alnigofemétitlednr d a k
azal tarak oksidatif stresi baskéel adéej éneé %
go°r ¢l mektedir. Ayr éca Kur kumi nin bakteri, \

antimikrobiyal et kil ere salei pngleddjey ewde Jpatbd
Kurkuminin antioksidan ve antimikrobiyal 6zellikleri nedeniyle bircok metabolik ve kronik

hastal é]én ©°nl enmesi ve tedavisinde umut ve
d¢kek biyoyararl anemkh kahi pnemeadakonsankl | é
Bu y¢zden kurkuminin biyoyararl anéméné arttée
antioksidan ve antimi krobiyal aktivitelerince
-al ékmal sréérnvweyamélama sajl éjé i-in klinik kull
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SPKRAMKD VE HKDROKKNKDKNKN N¥ROBLASTOMDA K/
ANTKT! M¥R ETKKLERK: APOPTOZUN KND! KLENMESK \
KLE MKGRASYONUN BASKILANMASI

Doc¢.Dr. Turan Demircan
Kzmir Blakievernyitesi, Tép Fakg¢l tesi, Tetk
turan.demircan@bakircay.edu.tr - 0000:000224249893

OZET

N°robl ast oma, °czell i kl e& eyfdakvg e ks er-ieqlelkil eoli g wlee
oranlaré ile karakterize agresif bir pedi at
stratejilerine ol an I htiyaceé a-éek-a ortaye
konuml andér ma yak]!| arxAeam@ritmik abp syannkamaldbtokeri clad n é f I
hidrokinidin il e -HiTop armd sne pt °/rs ea rott aognd mi st | vV e

stres indukleyicisi olan spiramidin antikanser etkileri,-S¥5Y insan nodroblastoma hicre
hatténda arakt énréltmaktkéorn.sagcraslyoem!| arda bil
I

h¢cre canl éel é&jé, koloni olukumu, vyara iyilex
gen ekspresyon analizleri il e dejerlendirilm
Her i ki bil exki k de hé& chrier camndléma ] @élndiat wromuwak ,kb
deney kokull arénda daha vy¢ksek etkinlik gb@©
saj kal eémén, h¢cre migrasyonunun ve DNA sent e
ekl i k eden h¢cdaejf@hygmgndayar keymoktur . Mol el
bil exki k apopt oz vV e h¢gcre d°nge¢ s ¢ il e i K
d¢zenl enmey e-appmotik va hiiene2déngusipimhibitorid genlerin (Bax, CDKN1A,
CDKN1B) ekspresyonu armgen, antiapoptotik ve proliferatif genlerin (B&, CCND1)
ekspresyonu azal mexteéer .

Ozellikle spiramidin daha guiclii sitotoksik ve amtigratuvar etkiler gostermesi, etkisinin daha
belirgin Kekil de apopt oz vV e h¢cr eesketli J ishir e
déekegndegr mektedir . Sonu - ol ar ak, hidrokinidin
birbirini tamamlayan stres ve h¢gcre dP°ngeésé
preklinik -alékmalar i-inkommioktva@adeden adayl
Anahtar Kelimeler : N° r obl ast oma, Kl a- yeniden konuml ar

dizenlenmesi, St Y5Y h¢cre hatt é
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COMPARATIVE ANTI -TUMOR EFFECTS OF SPIRAMIDE AND
HYDROQUINIDINE IN NEUROBLASTOMA: INDUCTION OF APOPTOSIS AND
SUPPRESSION OF PROLOFERATION AND MIGRATION

Assoc.Prof.Dr. Turan Demircan
Kzmir Bakeér-ay University, School of Medi c
turan.demircan@bakircay.edu.tr - 0000-000224249893

ABSTRACT

Neuroblastoma remains one of the most aggressive pediatric malignancies, with poor outcomes

in high-risk cases despite intensive multimodal therapy. This study explores a drug repurposing
strategy by evaluatqhthe anticancer potential of hydroquinidine, a class IA antiarrhythmic
agent , and spiramide;HTa degmampitme Bn/tagoant gn
endoplasmic reticulum stress, in &Y5Y human neuroblastoma cells. Cells were exposed to
increasing concentrations of each compound and assessed through a comprehensive panel of in
vitro assays, including cell viability, clonogenic survival, wound healing, proliferation,
apoptosis, and gene expression analyses.

Both agents elicited a clear dedependent reduction in cell viability; however, spiramide
demonstrated consistently greater potency across all tested conditions. Functional assays
revealed marked inhibition of colony formation, migratory capacity, and DNA synthesis,
alongside a significanhcrease in apoptotic cell death. At the molecular level, treatment with
both compounds resulted in coordinated transcriptional changes in key regulators of apoptosis
and cell cycle progression, characterized by upregulation ehgoptotic and cell cycle
inhibitory genes (Bax, CDKN1A, CDKN1B) and downregulation of -@pbptotic and
proliferative markers (Be2, CCND1).

Notably, spiramide exerted more pronounced cytotoxic anehagtatory effects, suggesting

a mechanism more strongly driven by apoptasid cellular stress responses. Overall, these
findings indicate that hydroquinidine and spiramide impair neuroblastoma cell growth through
complementary mechanisms and highlight their potential as repurposed therapeutic candidates
for further preclinicainvestigation.

Keywords : NeuroblastomaDrug repurposing, Apoptosis, Cell cycle regulation,-S¥bY
cells

40


mailto:turan.demircan@bakircay.edu.tr

EUROPEAN CONFERENCES 9th |I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriis, 32D2BRAN
I SBN 9NMB:2-5 6 D4b

Te¢r ki ye f aunas é&eidemanniafestivellg[Denis & Schiffermuller],
1775) (Lepidoptera,” Elachistidae)
Muhabbet KEMAL Hanife UCAK? Sel ama SEVEN ¢ALI kKAN
Must af a ¥ZDKMHBRAKIN Erdem SEVENR
Y¢zeéenceg Yeél iniversitesi, Fen Fak¢l tesi, Biyol o
e-mail: muhabbet _kemal@yahoo.conTir 000600030183 4050
2Y¢zeéncyeg Yeél iniversitesi, Fen Bilimleri Enstit

e-mail: uck_hanife@hotmail.corD: 0000-000231486678
3 Gazi Universitesi, Fen Fakiiltesi, Biyoloji Bolimii, Ankara, Tirkiye.
e-mail: selma@agazi.edu.tb: 00006000344066768

f

j

‘“Kavak ve Hézl é B¢yéyen i@isiunkocaeliAirdyel ar € Arakt ér ma E

e-mail: mustafaozdemirll@ogm.goviB: 0000-:000272320594
5Bitlis Eren Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Blimii, Bitlis, Turkiye.
e-mail: kakin@beu.edu.ttD: 56719383500
6 Batman Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji B6limii, Batman, Tiirkiye.
e-mail: erdem.seven@batman.edul@r 0000-00027587-5341

OZET
Palearktik bdlge elementeinemanniafestivella [ Deni s & Schifferm¢gller], 1
nadir tirlerden biridir. Cinsin familya diizeyindeki taksonomik konumu tarihsel olarak Lavernidae,
Cosmopterygidae, Momphidae, Agonoxenidae ve Paramdti@ot gi bi farkl e f ami
dejerlendirilmik; son molek¢ler -alékmalara g°re
tal eékxmanéeé.nf easma vieydrl kaioyneenden dojrul anmék Kkesin
mor fol oji ve kanat damarl anmaséné ayreénteleée ol e
mevcut kaynakl ardaki veriler il e karkeélakteéer mal
gideme kt i r . Bu bajlamda kanat boyutl ar e, anten, te
°neml i taksonomi k karakterl erden erkek ¢reme or |
d¢zeyindeki filogenetik -4aakzekmakdedaebel kmahayi o
incelenmi k bazé °nemli karakterler ortaya -ékaré
Literat¢rde yer alan -izimler ile yapélan kar
formu ve gnathos yapésé bakemébnddn kkesrmiazkeryapre
i -erdifji saptanmécxkt eéer . Bu farkl el ekl ar t ¢r i-i
kaynakl ardaki -izimlerin metodolojik farklel ékl a
Ekolojik ybnden habitatteri hi , t ¢r ¢n yal nézca al -ak sul ak a
sénérl & ol madéejéné, y¢ksek rakéemle daj stebi hab
Sonu- ol arHaidemanmdestivell@an,é n T ¢ r ki yeddekeil i dasji &ll @ ha
gi der mekt e, erkek genital mor fol oji si ve kanat
sunmakta ve cinsin taksonomi k konumuna ilikkin n
Anahtar Kelimeler: Lepidoptera, Elachislae,Heinemannia festivellanorfoloji, Turkiye.
"Bu -al ékma, Van Y¢gzencye Yél i niversitesi Bili msel Ar

FBA-20231 0185 numaral & proje kapsaménda desteklenmixktir.
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On the rare speciedHeinemannia festivellg[Denis & Schiffermuller], 1775)
(Lepidoptera, Elachistidae) in the fauna of Turkiyée
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ABSTRACT
The Palearctic elemehRteinemannidestivella([Denis & Schiffermiiller], 1775) is a rare species within

the fauna of Turkiye. Historically, the taxonomic position of the genus at the family level has been
assigned to various families, including Lavernidae, Cosmopterygidae, Momphidae, Agiola@x and
Parametriotidae; however, recent molecular studies have placed it within Elachistidae.

The aim of this study is to present a confirmed definitive recokdl. ééstivellafrom Tlrkiye,
provide a detailed examination of adult morphology and wiagation, evaluate morphological
characters comparatively with existing literature, and address current knowledge gaps. In this context,
in addition to the male reproductive organ structure, which plays a critical role in genetic isolation,
important taxonmic characters such as wingspan, antennae, tegula, palpus, and vertex scales have been
discussed. Furthermore, wing venation, a defining diagonistic trait in féeniy phylogenetic studies,
has also been examined, revealing some important characters.

Comparative analysis with existing data indioc
similarities in valve shape and gnathos structure, it also exhibits certain structural differences. These
variations are thought to result from intraspecificriation, geographical differentiation, or
methodological discrepancies in previous illustrations. Ecologically, habitat preference indicates that
the species is not limited to lelying wetlands or forest ecosystems, but can also exist indiifghde
mouwntain steppe habitats.

In conclusion, this study resolves the uncertainty regarding the distributidairidmannia
festivellain Tlrkiye, provides detailed visual and structural data on male genital morphology and wing
venation, and contributes to morpbgy-based discussions on the taxonomic position of the genus.

Keywords: Lepidoptera, Elachistidagleinemannia festivellanorphology, Turkiye

"This study was suppor UnvdrsitpScientiflt ResedrahnProjégszCgardingtionYJait
(BAP) under project number FBA02310185.
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SUBLETHAL TOXICITY OF METHIDATHION ON THE  EISENIA FETIDA
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Res. Asst. Dr . , Mel odi YENMKK
Ege University,
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Assoc. Prof. Dr., EsraAKAT COMDEN
Ege University,
esra.akat@ege.edu-t0000-0001-7080-3106

ABSTRACT

Pesticides are widely used chemicals for controlling pests and pathogens in order to enhance
agricultural productivity. The use of these chemicals has been increasing fasvaasons,
leading to exposure of nearget organisms and resulting in toxic effects. Among these,
organophosphate pesticides are one of the most extensively used classes worldwide.
Methidathion, an organophosphate pesticide, is highly hazardous to healdmand can also
induce significant toxicity in notarget organisms upon exposure. In this study, the sublethal
effects of methidathion were investigatedHisenia fetidaan earthworm species that plays a
crucial role in maintaining soil ecosysteradith and sustainability. The results revealed that
methidathion exposure caused histopathological alterations in the body wall, disruptions in
energy metabolism, and the induction of oxidative stress. These results indic&efétiaia

may serve as agffective biomarker of Methidathion toxicity. Therefore, Methidathion should

be carefully considered in environmental risk assessments, and its use in agricultural practices
be strictly regulated.

Keywords: Methidathion, oxidative stress, earthworm, ecotoxicology

! This study was funded by théJBKTAK 1002-A Program (Project No: 2247059).
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YAKkLI LARDA HAYVAN DESTEKLK TERAPKLER VE F
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Ozet

Yakl e bireylerde ruh sajl éjé, yakamén il er.i

Oonplanaa é k makt adér. Depresyon, kaygé ve sosyal

psi kososyal sorunl ar arasénda yer al makta v
ol umsuz etkil emektedir. Gel enekselar f aymak @l
bireylerin ruhsal i htiya-1laréneée tek bakéna |
hayvan destekl: terapiler, yakl & bireylerin

mudahale yontemi olarak dikkat cekmektedir.

Hayvand e st e k | i terapil er, terapi s¢recine evec
hayvanl arén dahil edi | mesini i -erir. Bu ter
etkilekimin arteérélmasé ve yakam é&eahizmeétesi ni |
et mektedir. Kur umsal bakémda yakayan yakl é |
dest ekl i terapilerin ruhsal iyi ik hal ini

bireylerin sosyal bajlaréenégaiga-rltemrdié] dinjéi mi® s
Farkl & hayvan destekli terapi modell eri bulu
uygul anmaktadéer. D¢zenli ve bireye ©°©zel sean
be¢yeék °nem takamabkitradeéekrt.e, Butneurnalpi | er i n uygu
reaksiyonlar ve hayvan sajleéejeée ile ilgili ol
sorumluluklar, kateéel é&mcélarén rézasé ve bilg
siurd, r ¢l ebi lir bir kekilde y¢regteéel mesi i -in te
Sonu- ol arak, hayvan destekli terapiler, yacx
arteran et kil i bir psi kososyal my d a ksaal] d ckij ré.
destekl emekl e kal mayép, sosyal et kil eki mi v
Gel ecekte yapélacak araxkteérmal ar, hayvan de
hayvan t¢grl eriyle kar kél akkétne romat!laéml eatrké nndl ai kki |l e
uygul ama model |l eri ni detayl é& bir kekil de inc
destekl enmesine y°neli k daha g¢venli ve et ki
Anahtar Kelimeler: Ya k|l € bir eyl i Hagwvami derst eRuh sajl ej €
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ANIMAL -ASSISTED THERAPIES AND MENTAL HEALTH IN THE ELDERLY
Abstract

Mental health in older adults is an increasingly important area in the later stages of life.
Depression, anxiety, and socisblation are among the main psychosocial problems faced by
the elderly population and negatively affect their quality of life and overall-lvegtig.
Traditional pharmacological and psychotherapeutic approaches alone are often insufficient to
meet the psghological needs of older adults. In this context, aniassisted therapies have
emerged as an innovative and effective intervention to support the mental health of older adults.

Animal-assisted therapies involve the inclusion of domestic animals ora#ipetained

animals in the therapeutic process. These therapies aim to reduce depression and anxiety,
increase social interaction, and enhance quality of life. Applications conducted with older adults
living in institutional care settings have shown thaimalassisted therapies support mental
well-being, reduce depression and anxiety, strengthen social connections, and improve life
satisfaction.

There are different models of aniradsisted therapies, with dog and equine therapies being
the most commonlymplemented. Regular and individually tailored sessions are essential for
sustaining therapeutic effectiveness. In addition, potential risks such as hygiene issues, allergic
reactions, and animal health must be considered when implementing these thEtapak

and legal responsibilities, obtaining consent from participants, and ensuring informed
agreement are fundamental criteria for the safe and sustainable execution of therapy programs.

In conclusion, animaassisted therapies are an effective psgobm@l intervention that
enhances the mental wdléing and quality of life of older adults. These therapies not only
support individual mental health but also strengthen social interaction and life satisfaction.
Future research should examine the ke effects of animahssisted therapies, compare the
effectiveness of different animal types, and explore sustainable implementation models in
institutional care settings. This will contribute to developing safer and more effective
interventions to suppothe mental health of the elderly population.

Keywords: Older adults, Animahssisted therapies, Mental health, Psychosocial intervention.

1. Giri«k

Yakl anma s¢reci, bireylerin biyolojik, psiko
a- makt aldéirk!| efzreuh sajl ejée a-éséeéndan, yakl e bi
gi bi ri sklerle karké karkéya kal maktadeér (W
gel eneksel psi koterapiler ve far ma-klodrogné& tmg
bakéna karkél amakta genelli kle yetersiz kalm
Son yéllarda, hayvan destekl: terapil er, y a K
et kil bir yaklakém ol arak ©°ne -ékmaktadeér
Pacha a , 2020) . Bu terapiler, terapi s¢recine

dahi l edi |l mesini i -erir ve depi

hayvanl!l ar én
ve yakam kalitesini y ¢ ks ePetagreek gi bi

arteér mak
Sarchi, & Bona, 2019).
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dest ekl i terapil er, °czelli kl e kur umsaé
bir psi kososyal destek y°ntemi ol ar a
belirtil eayépiyidexyalr mebkaljed arkan mgy¢ - |
iyetinin artmaséna da katkeé sajl amakt :

Jain, Syed, Haffordletchfield, & O'FarreliPearce, 2020).

2. Hay
Hayvan

——< 0

y

eml i
yvan
ster
Jerl

—o —o—c

Sonu-

kekil d
me mn un
s¢rder

y°ntemlerinin detayl é bi

van Destekli Terapilerin Yakl é Bireyle
dest ekl i terapil er, yakl & bireylerde
aréné azal tmak, yalnézl ék hissini F
uygul anan et kil psi kpso#ayakt eng tha h e
I n hem kur umsal bakém ortamlareénda
aré olan orta yak ve yakl é hastalar

n, Ambr osi ver aadloand & el akroénntérno | ( 20 1-9a)l é
a yakayan yakl e bireylerde hayvan des"
€ kKekilde de¢gkegrdej e gosteri Il mi ktir. B ¢
I terapdemggsl amhasar@ahéarda ruhsal iyl
i rini azalttéjené rapor etmiktir. B L
lirtileri iyilexktirmekle ldaldmyypyep,

ymaktadeéer .

destekli terapiler, sosyal et kil eki mi
dir . Hughes vV e arkadaxkl! ar é (2020) t a
|l arén yakl é bilereayllieddé i nosyal yaajalmame&n
mi Ktir. Veill eux (2021) de benzer K ek
[ hi ssetmelerine ve sosyal kat el eml ar é

yanédsesetrak| hatemapil er ruhsal iyilik h;
r g°stermektedir. Chen ve arkadaxkl!l ar é
a , Kizofreni tanésé ol an omtuhsaly ak v
Pyilexktirdiiji gzl emlenmi ktir
n programlaréna entegre edil en
| & psikososyaktsoeonu-1 aré destek

€

ol ar ak, hayvan destekli terapiler yacxl
e destekl eyen, depr n ve Kkaygeéeyeée
iyetini artéran k a kéedir.mBudedkiteanl el er
¢l ebilir ve sistema ekil de sajl ana
r | de el e al @énma

3. Hayvan Destekli Terapilerin Uygulama Modelleri
Hayvan destekli terapl er i n uygul anmasénda farkl é& model |

yakl é
uygul a
al makt
terapi
bireys

bireyl erin ruhsal vV e sosyal ihtiya-|I
mal ar araséenda k°%pek destekl: terapi,
angr & Hort on, 2019) . ¥zelli kl e kurums
I er daha sék tercih edil mekte ve sean
el gereksinimler:i g%z ©°n¢gnde bulundur

Letchfield, & O'FarreHPearce, 2020).
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Bunun yané sér a, hayvan destekl: terapi pr og
terap®°tik etkinin uzun vadede s¢rderé¢l mesine
ki kiye ©°zg¢ Kekiilylaen dairrai 1genr eseans| ar , yal néz
kal mayép, sosyal et kil eki mi tekvi k et mek ve
°nem takémaktadér (Veill eux, 2021)

4. Faydalar ve Zorluklar

Hayvan dest ekl i atkdréacpi Ifearyidm | saa] laa dhesjéandm depr
sosyal kat él émén artmasé ve yakam kalitesini
terapilerin uygulanmasé bazée zorluklare da I
reaksiyonla , hi jyen il e i1l gili ri skl er ve hayvan s

Hughes, Verreynne, Harpur, & Pachana, 2020). Bu nedenle, hayvan destekli terapi
programlarénén planlanmasé ve y¢regtel mesind
onerilmektedir; boylece terapotik faydalar maksimize edilirken, potansiyel riskler de en aza
indirilebilir.

5. Hukuki ve Etik Boyut

Hayvan destekl:i terapilerin ge¢venlii ve S¢rdg
ve etik sorumluluklar buyik 6nemt ak é makt adér . Programl ar én

géevenl i Jjinin sajlanmaséna hem de hayvanl ar é
kur umsal izinlerin alénmasé ve programlarén
(American Geriatrics Society 202 4) . T¢é¢m uygul amal ar , y ak
bilgilendirilmik onam s¢re-1eri -er-evesinde
etik standartl ar én Kkorunmaseéneé sajl ar hem
s¢rder ¢l mesinore kat kéda bul u

6. Sonug

Hayvan destekl. terapil er, yakl é& bireylerde
sorunl arén y°netiminde etkild@ ve yenilik-i l
sosyal et kil eki mi a yukseltmekavie ,geney auksal myilikk tealinii t e s |
destekl emek amaceéeyla ge¢venl ve yapélandeéer él

e
uygul amal ar én pl anl anmasé sérasénda -ettkayvan
sorumluluklar titizlikle goz éninde u |l undur ul mal édér .

Gel ecekte yapeélacak -al ékmalar, hayvan deste
terleriyle karkeél akt ér mal é etkinlikIlerini v
uygul ama model |l erini Idedtiay | éBubisraykakei,| dyea Kil nec
sosyal iyilik halini destekleyen daha guvenli, etkili ve surdirtlebilir midahale stratejileri

geli ktirilebilecektir (Tudorancea, Stanci u,

Health Organization, 2023).
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Done GUNAYY", Sevda UZUN
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donegunay@gmail.coi®00000028721-6028
Kéerkehir Ahi Evran | niversitesi, Ke

sevdauzun@ahievran.edl0®06-00025954717X

Ozet

Yakl|l anma, bireylerin hem fiziksel hem de r ul
Kasi skel et sistemi sorunlaré, kronik ajreée ve
kalitesini d¢e¢kKeré¢egrken, depresyon, kayge ve s
Bu nedenl e, geri atr.i masaj é gibi dokunma ve
fiziksel rahatl ama hem de r @remlieir midahale olarbku K u n
°ne -éeékmaktadeéer.

Geriatri k masaj, yakl é& bireylerin °zel I hti
¥rnejin Parkinson hastalarénda wuygulanan ba
artérarak géehi gk vV enkysaikyaomekal i t esi ni Py il
uygul amal arée ise sindirim sistemini rahatl at
yapélan basit masaj teknikleri, kas spazmlar
kabh | i yetini ve g¢nl ¢k yakam aktivitelerine ke
Fizi ksel rahatl ama ve hareket kabiliyetinde
bireylerin ruhsal sajl ekl aréné da destekl er.
vedepesi f belirtilerin hafiflemesini sajlar. ¥
duyusal temel | i mas aj uygul amal ar e, davrane
g¢-lendirebilir. Ayreéeca fizikgel spakatl!l am&i v
g¢e¢nl ¢k yakam aktivitelerine katél éemé arteéerar
Sonu- ol ar ak, geriatri masaj e yaklé bireyle
b¢t ¢ncgl faydal ar saj | azyeann i e tukyigluil almiad amg d gk
arteéer mak vV e psi kol oj ik iy ol uku dest ekl e
dejerlendirilmelidir

Anahtar Kelimeler: Yak | él ek, Geriatri k Masaj, Ruh Sajl

GERIATRIC MASSAGE AND MENTAL HEALTH i n OLDER ADULTS

Abstract

Aging is a complex process that affects both the physical and mental health of individuals.
Musculoskeletal problems, chronic pain, and limited mobility negatively impact the quality of
daily life among older adults, whilancreasing the risk of depression, anxiety, and social
isolation. In this context, geriatric massage, as a toacid pressurbased therapeutic
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intervention, plays a significant role in promoting both physical comfort and psychological
well-being in oldepopulations.

Geriatric massage interventions encompass various techniques tailored to the specific needs of

ol der individual s. For instance, certain mas
disease have been shown to enhance joint mobilgyelly improving functional capacity and

overall quality of life. Similarly, abdominal massage supports gastrointestinal comfort and
alleviates digestive discomfort. Additionally, simple smifiministered massage techniques

have proven effective in managinguscle spasms and chronic pain, while facilitating greater
mobility and participation in daily activities.

Beyond the physical benefits, massage therapies also contribute to the psychologluzihgell

of older adults. Touchased interventions help remustress and anxiety and can alleviate
depressive symptoms. In particular, sendmaged massage approaches for individuals with
dementi a or Al zhei mer 6s di sease may reduc
psychological stability. Furthermore, improveamein physical comfort and mobility indirectly

enhance social interaction and engagement in daily activities, further promoting mental well
being.

In conclusion, geriatric massage is an effective intervention that provides holistic benefits for
both phystal and mental health in older adults. Regular and systematic applications should be
considered by healthcare professionals to improve quality of life and support psychological
well-being.

Keywords: Aging, Geriatric Massage, Mental Health, Touch Theragyye nt i a, Al zhei
Disease

1. Giri K

Yakl anma s¢reci, bireylerin sadece fiziksel
iy olukl aréenée da etkileyen karmakék bir d°
bireyl er dkasissske Ig€tr ¢diesnt emi sorunl aré, Kkronik
genl ¢k yakam aktivitelerini kesetl amakl a kal
izolasyon gibi ruhsal sorunlaré da te&i kl eye
Kocyigit, 2025) . Bu bajl amda, geri atri mas a
rahatl ama hem de ruhsal iyili k hoOolinin arteée

-ékmaktadeér (Kopf, 2021).

Geriatri k masajémé ev&kimhi ¢gket yhénetzical akl ar é
ayné zamanda stres, kaygé ve depresyon gibi
(Abraha et al ., 2017, Smith & DO6AmMico, 2020
fizikselhemd e r uhs al et kilerini be¢téencel bir bakEécxk
2. Geriatri k Masajén Tanémé ve Uygul ama Al an
Geriatrik masaj, yakl é bireylerin °zel ihtiy
terapi yontemlerini kapsar (Kopf, 202Ribeiro, Marques, & Ribeiro, 2017). Bu uygulamalar,

kasi skel et Ssi stemi sorunl aréné azaltmak ve f
tekni klerle uygulanabilir. ¥rnejin Japonyadd
ekl em hafjekeét aat@&klag ak ge¢nl ¢k fonksiyonelll i
iyilektirmektedir ( Suoh, Donoyama, & Ohkosh
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uygul amal ar e, enter al kompli kasyonl ar é azal
sindirimlei | i k ki | i konforu artereéer (¢Cetinkaya, Ove
Bireysel uygul amal ar da ©°nem takeéer; °rnejin
spazmlaré ve kronik ajré y°netiminde etkild:@
uygulamalary ak | € bireyl erin hem hareket kabiliyet.|
genl ¢k yakam aktivitelerine katéel éméné kol a
2017) . B°yl ece, geri atri masaj € yaoyatlardac a b e d
da be¢t ¢gncgl fayda sajl amaktader.

3. Masajén Ruh Sajl éje | zerindeki Et kil eri
Fizi ksel rahatl ama ve hareket kabiliyetindek
bireylerin ruhsal sajl ekl ar é ¢ zrendiolmydlgik de ©°n
mekani zmal ar aracelejeyla stres ve kaygeyeé
Dokunma uygul amal arée, endor fi ve oksitosin

d

n
da uygul anan
zZu

(Kopf, 2021). Ozellikle demans ve Alzheimer hhst@ar é n u
m¢dahal el er, davranéksal bo kl ukl ar e azal't
yardémcé ol maktadér (Smith & D&6AmMico, 2020;
Ayr éca, fiziksel rahatl!l &kmadbndn ygaj hammaséd mas
sosyal etkilekim ve g¢nl ¢k yakam aktivitel el
oluka katké sajlamaktadér (Anton et al ., 202
sajl ej eneée reakk zdaensanrelkd eoylean b ¢t ¢nc ¢l bir m¢dah:
4. Sonug

Arakt ér mal ar , geri atri masaj eénén yakl él ékt a
etkiler sajladéejéné g°stermektedir (Suoh et
Duzeniuygul andéjénda, ajré y°netimi, hareket ka
destekl enmesi a-éséndan et kil bir y°ntemdi
duyusal t emel | i mas aj uygul amal aré,stdaveaap
g¢-lendirmektedir (Smith & DOAmMmico, 2020; Ab
Bu bul gul ar, sajl ek profesyonellerine yaxkl é
uygul amal aré sistemati k ol arak dejerl e¢ndir me
yakl & bireylerin yakam kalitesini artéran v

mudahale olarak kabul edilebilir (American Geriatrics Society, 2024).
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EKOTERAPY¥TKK BAKI M: KYKLEKME S! RECKNDE S! RD
BKYOFKLKK HEMKKRELKK M! DAHALELERK
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aydanuraydin@gumushane.edu®00-0001:5594404X

OZET

Bu derl emenin amacé, hemkirel i&n meitraip aoclaan gi
kavr améneé,; Gezegen Sajl éje (Planetary Healtt
ekseninde yeniden ele almak ve -ajdak hemkir
kur amsal -er-eve sunrmaktramé nBwn dajl melztcwad & i -z6
i yil ekmeyi dojrudan etkileyen dinamik ve etk
-al eékma, l'iterate¢egr temel |l i bir derl eme ol ar ¢
Kuramédondanelpalbomgeze¢eggojun klini k ortamlar éne
2.0 ve 3.00 evreleri -er-evesinde kavramsal

ulusl araraseée | iterategr dojrul tusunda; biyof
hizmet | eri , yexil klinik y°netimi ve ekofar mak
analiz edil mixktir. Literate¢gr bul gul ar é, bivy«
doja ile g°rsel ve i kit s azholojik genpailolpjik ifilik haki t a | d e
czerinde anlamlé etkiler yarattéjene g°ster
azaltteje, otonom sinirtr Si stemopedeantgefsiinyi |
s¢re-lerini h & zeldainrd.e rAdyérj ééc ab isladjilréi kIl nseekktt ©r ¢ n ¢ |
°n¢ne al éndeéej énda, hemkirelerin yexi/| mal z e
uygul amal arén beni msenmesindeki |iderlik rol
-evre anl adyogjkee niel e entegr e, s¢rder el ebilir

gorilmektedir. Eke er ap°ti k yakl akém, hemkirelik bakeéenm
ol maktan -ékararak eti k, -evresel vedrs¢drdeér
Bu bajlamda hemkireli k ejitim programlareéna
i-eriklerin entegre edil mesi, ayréca doj a t
etkilerinin daha fazla arakme &l maca@k °hiereyr

ekosistem sajl éjénén birlikte ele aleéendeéejé s

Anahtar Kelimeler: Ekot er ap®ti k Bakém, Biyofilik Tasar
Gezegen Sajleje, KIl'inik ¢evre Y°neti mi
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ECO-THERAPEUTIC CARE: SUSTAINABILITY AND BIOPHILIC NURSING
INTERVENTIONS IN THE HEALING PROCESS

Assoc. Prof. Dr. Aydanur AYDIN
G¢megkhane University, Faculty of Health
aydanuraydin@gumushane.edu®00-0001:-5594404X

ABSTRACT

This review aims to reconce@donaaefthe core eldmbrness fienv
of the nursing metaparadigmwithin the framework of Planetary Health, biophilic design
principles, and sustainability. It seeks to propose an innovative anstihdheoretical
perspective for contemporary nursing practice, emphasizing the environment not merely as a
physical setting but as a dynamic and interactive determinant of healing. This study is designed

as a literaturdoased review. The historical evalub n from FIl orence N
Environment al T heor y-intehsive dinical asgttihgs ist examinedo | o gy
comparatively through the framework of ANurs
literature was analyzed to synthesize evidemchkiophilic interventions, sustainable healthcare
practices, green clinical management, and ecopharmacovigilance from an integrated academic
perspective. The literature indicates that biophilic design elefestsh as natural light, green

spaces, visuand auditory exposure to nature, and fractal patdeh@ve significant positive

effects on physiological and psychological w#ing. Evidence suggests that these
interventions reduce cortisol levels, support autonomic nervous system balance, and shorten
postoperative recovery times. Additionally, considering the high carbon footprint of the
healthcare sector, nurses play a critical role in advocating for green material management, waste

mi ni mizati on, and sustai nabl e -focpseda pdssive e s .
environmento has evolved towardgeamerianttienggr afi
ecosystemo rherdpeuticapprdaah exéends nursing beyond clinical practice into

an ethical and ecological responsibility. Integrating egick literacy into nursing curricula

and promoting outcombased research on natdrased interventions are strongly
recommended. Holistic healing can only be achieved through sustainable care models that align
individual health with ecosystem health.

Keywords: Ecotherapeutic care, biophilic design, sustainable nursing, planetary health,
clinical environmental management.
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1. Girik

Ekot erap°ti k bakeém, hemkireli k disiplininde
s¢recini ymd che&lzalae lkdrilna ksénér |l amayan bg¢gt égncy
Bu yakl akém, birey sajleéejée ile -evresel sg¢grd
bakém ortamlarénén terap®tik potansiyelini
hi zmetl erinde -evre -oJjunl ukl a hijyen vV e
dejerlendirilirken, géenegmegzde bu anl ayéexk yer
bakém ortamlaréna bérakmaktadeér.

Biyofilik hemkikoeér apmgidehbbkémen, t emel bil e
ékéjeén etkin kull anéeme, yeki l alanl areéen kil
desenl er gi bi unsurl ar, hastal arén fizyol oj
Ar aktaé&r, mad u t ¢r m¢dahal el erin stres hor monl
dengesini sajl adej éene vV e °czell ikl e cerrahi
g°stermektedir. Bu bajlamda hemkireler, y al
zamamla terap6tik cevreyi dizenleyen ve yoneten dnemli aktorlerdir.
Surdurulebilirikiseekda er ap°®ti k bakémén vazge-ilmez bir
-evresel etkileri g%z ©°n¢ne aléndéjeéenda, hem
erer j i verimlilifjJi konul arénda aktif rol al ma
birey sajléejéné korumakla kal mayéep, ayne za
sorumluluk Ustlenmektedir. Sonuc¢ olarak ¢k@ r ap® t i kK b a k &Ilma mahleanrké nrée
do°n¢gktegren yeni i k- bir paradigma ol arak ©°n
uy uml u, s¢rder gl ebilir Ve i nsan odakl é b ak
ol acaktér.

2. Sajl ék ve ¢evre Araseéndaki Kopmaz Baj
Ge¢negmegz emjl ek kbimt kKri zi ve ekolojik bozul ma
etkileriyle karké karkéyadér. Gel eneksel hem
"Gezegen Sajléje" (Planetary Health) yakl akeéem
sajl éeéjéendan bajéemséz ol amayacajéné savunur . /
y°netimi dejil, ayné zamanda -evresel savunuc!
dej il , i yilekme s¢recinin alkdwi $¢ebert kil exelng
sundukl aré ortamén ekolojik ayak izini azaltm
entegre etmektir.

3. Teorik Temeller: Nightingalebébden Biyofiliy
Hemkirelikteki - e v r e sefik kibkenleanm denndemesine anceleh s e | Ve
Ni ghtingal edin kur ame, -evresel faktorl erin ¢
onaréceée g¢-lerini harekete ge-irmedeki hayat.i
O. Wilson'" éni "ibliggoZemnmngi"nlhe wtoit reizl mi Kkt i r . Bi yof |
forml aréna karké geneti k, evri msetérapobki r yakeén

bakéem, Nightingaledin fiziksel hijye®oih odakl é& -
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onarécé etkileriyle birlexktirir. Hemkireler,
fizi ksel hem de ruhsal i1yilekmesini destekl ey
4. Biyofilik Tasarém ve Klinik Ortamda Uygul a
Biyofili hipotezi, Ed war d O. Wil son taraféendan pop¢l oer F
sistemlerle bajlanté kurmaya y°neli k kaleétsa
hemkirelikte bu yaklakéem, "iyilektiren -evrel
Akademi k - al ékmal ar , klini k ortamda doj al °7 el
maruz kal manén parasempatik sinir sistemini a
kanetl amaktadeéer . Hemkireler, bbheEEerisufdurRéepnr |
mekani k ge¢reltegnegn azaltél masé yerine doj al S
girikimi olarak tanémlamal éedér. Bu sadece est ¢
ve immuin sistemi destekleyen terapotik breg#liktir.

5. S¢rdereglebilir Hemkireli k M¢gdahal el er i Ve
Sajl ék sekt?o°or ¢, k¢resel -apta en -ok atek ¢r
sérasénda kullanélan yojun polimer Hka,zl & mal zc¢
toprak ve su kaynaklaré ¢zerinde ciddi bir b
(Green Nursing) yakl akémlar é, bakéemén kalite
y°netiminde "yakam d°ng¢s¢ anal ieinfilag yapél mas
y°netiminde -evresel toksisiteyi °nl emedeki r
teknolojilerinin karbon ayak 1izini azal t madak
y°netim Kkurull arénda s¢rade@rke!|l ®@ypn énktrérmeal zpmet
ol ukturul masénda bilimsel kanéta dayaleée g°r ¢k
6. Psikososy-aér 8akewmedaK¥fkloekme Bah-el eri
Ekot er api, dojayé sadece Dbir manzaterapistt| ar ak de
olarak konuma n d ér ér . ¥zelli kl e onkoloj i, pal yatif b
Bah-eleri"™ (Healing Gardens), hastalarén sosy:
tekvi k eden stratejik alanlardeek MHewadaezarhkanr
ge-irmesi, bitKki bakéemé (horticultural t her a
egzersizleri, krobiakémagtalak wptheriéEemi nBe Szr
hasta araséndaki k°prl¢égiymi nkeu readne,n -veev rheassetl a nsétnr e
(sirkadiyen ritim) dojayla uyumlu hale getire
7. Ge-mikten G¢gngmgze Mesajl ar: Karkél akt ér ma
Hemkirel ik tari hinin -evre odakl é d°ng¢ K¢ meg,
ol guabarm yanséetér. Axkaj] édaki -1 z-elapptk, gel ene
yakl akémé araséndaki temel paradi gmal aré karKk
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Cizelge1Ge - mi Kkt en G¢ne¢gmegze Hemkireli k Mesl efi
Parametre Gel enek s el He Modern Eko-Terapotik
(18603:1950) Hemkirelik (2

10

q;”_m Hastal éjén yaKyil ekmeyi h e

&< onleyen (hijyenik) pasifalan. ( bi yof i I i k) a

© ~< | Bireysel hijyen ve yara Gezegen sajl é

3 § bakéme. surdurulebilir toplum.

g Mekanik cihazlar ve fiziksel Di j i t al sajl é

X midahale. yekil teknolo

|_

X

=

= g Hastaya zarar vermeme Gelecek nesillere ve

w s ilkesi. ekosisteme zarar vermeme.

A

Eg Bakém vtearleinmav Eko-inovasyon lideri ve ¢cevre

o X uygulayan. savunucusu.

T
8. Gelecek Vizyonu:EkeHe mk i rel i k EjJ i timi, Araktérma ve Li
Ekot er ap®ti k bakémén s¢grdereéglebilir bir Kekil
araktérmal ael airdedai k°kl ¢ deji ki kliklere ihti->
deji ki klijJinin sajléek etkilerini, s¢rder ¢l ebi
i -ermelidir. Hemkire arakteéer maceélnarl,ark@ingmf i | i
hasta -éktélaré ve maliyet etkinlifji édzerind
yéeréetmelidir. Hemkire | iderler ise, sajlék po
s¢re-lerinde -evresel -Bemdirelebfi | ikilmlijiii sami
standart haline gelmesine oncuiltik etmelidir.
9. Kavram Hlagriapa®stéi:k EBkaok ém Bi |l ekenl er i
EkoTerap®ti k Hemkireli k Bakémé: Kavram Harita

1. Temel Teorik Cerceve (Merkez Kavram)

Kavram har iezindeskkeT@&m amet kk Bakeém yer al er . Bu
beslenir:
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FIl orence Nightingdleeni gtekre eKékameae) :-hava ak:©é
faktorleri.

Gezegen Sajléejée KisamesajlhéeHemén hpgkosjstem
modern paradigma.

2. Uygulama Boyutlare (Stratejik Kollar)

Mer kezden -ékan ¢- ana uygulama al ané «kxunl ar
Biyofilik Mudahaleler: Al t Kavraml ar : Kyil ekme bah-el eri
optimizasyonu, fraktal g°rsel tasareéemlar.

Sardarulebili r KIl'inik Y°neti miAl ( Y&Krivlr amMeaki r &Alt iek) :
kural &) , il a- ateklarénén kontrol ¢, ener ji v
Psikososyal EkeTerapi: Al t Kavraml ar : Doja temell. far}l
terapisi (horticb t ur al t herapy), -evresel stres®rlerir

3. Beklenen ¢ékteéelar (Sentez ve EtKki)

Téeém bu m¢gdahalelerin birlexktif]l ni hai sonu- |
HastaBoyut:Kor ti zol seviyesinde d¢k¢ek, késal mék
Kurumsal/Ekolojik Boyut: Az al mék kar bon ayak i zi, mal i yet
Mesleki BoyutHe mki rel i kt e otonomi artékeé ve -evre
Grafiksel Ozet Kar k €1l akt ér mal & Mesajl ar

Gel eneksel Bakém ¢evresi (1.0): "Hijyen Odakl
T Temel FelsefeF| or ence Nightingale'in "¢Cevre Kur e
9 Odak:Hast al éeéjén yayél maséné °nlemek i-in fi
T HemkirenteviReyi:hijyenik tutan uygul ayéce
1 Grafik Ozellikleri: St eri |, minimalist, manuel kayet|

(metal, cam) hakim olduju bir yape.

Modern Bakém ¢evresi (2.0): "Teknoloji Odakl &
1 Temel FelsefeBiyomedikal model ve tenolojik ilerleme.

T Odak:Y¢(ksek teknolojiye dayaleée akut tedavi

T He mk i r e n Teknol®iy kulfanan ve hasta verilerini ydneten profesyonel.

1 Grafik Ozellikleri: Kar makék t ébbi cihazl ave e€gopunkar
bir klinik atmosfer.

Eko-Ter ap®ti k Bakém ¢evresi (3.0): "Doja ile En
1 Temel FelsefeGezegen Sajléeje (Planetary Healt h)
T Odak: Teknol ojiyi dojanén iyilexktirici gécCé¢

s¢rdegreéelebilirli k (yexki |l uygul amal ar) il e
T He mk i r e n EkoinoRasyorlideri ve ¢cevre savunucusu.

1 Grafik Ozellikleri: Canl & bitkiler, dojal ge¢n éxkéjé,
bah-eleri, yexil teknoloji ve dijital sis
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Cizelge2Ge - mi Kkt en Gel eceje Hemkirelik

R
-

1.0 Gelencksel wsp 2.0 Modern mp 3.07Ekg;'£eirqpt'ifik

Hijyen Odakl Pasif Cevre Teknoloji Odakli Klinik Cevre Doga ile Entegre Siirdiirillebilir

Ser “Yasayan” Cevre

Bu g°rsel, sajl ek bakem ortamlarénén tari hsel
t emel akamada el e al maktader. Kl k akama ol an
ancak cevrenndahaok pasi f bir wunsur ol arak konumland
hastane ortamlareé, enfeksiyon kontrol ¢, ve t eme
deneyimi, konfor ve psikososyaea&lvrieyi ItieldahvaInii ni |
olarak dejil, yalnézca bakémén ger-eklexktiiji

Kkinci akama olan 2.0 Modern d°nem, teknol oj i
Gel i kmi k tébbi cmlherzil awre ywajjun adak &nm earl asn asklear
etkinlijini artérméktér. Bu sg¢re-te -evre, ar
bir bil eken haline gelmicktir. Ancak -dpa tekn
etkilekiminin geri planda kal maséna ve bakémér

I -é¢nce¢g ve gegncel -Tealklp&kérk dPaarem3.iGeEk@ajl ek or
a-éséeyla yeniden tanémlar,. sBudmodékdel doj ak i

kavramé ©°n plana -ékar. Doj al ékek, yexil al a
iyilekme s¢recine aktif katkeée sajlayan terap?®
-al exmenl astres d¢zeyini azaltarak bakeém kalite
ortamlaréenén yalnézca fiziksel mekOnl ar ol ma
etkilekimli sistemlere evrildijini g°stermekt
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10. Sonug ve Sentez

Ekot er ap°ti k bakeém, hemkireli k biliminin gele
yakl ak ém; FIl orence Nightingaledin -evre vurgt
Kekil de modernize eder. Meltenide s$ardéexkégl abi Ibii
doja temell.i psi kososyal m¢dahal el er bir b
Hemkireler, sadece birer sajlek -aleéexkané deji
birer "ekekoruyucudur*. Sou - ol ar ak, hemkireli k ejitimi ve
s¢rdereglebilirli k 11e harmanl amal edeéer ; -onk¢
edilebilir.
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DKJKTAL KEFKAT: HASTA MERKEZLK BAKI MDA TE
PSKKOSOSYAL D¥N!k!M PARADKGMASI

Dog. Dr. Aydanur AYDIN
Gém¢egkhane SajveéeksiBi s iml er i Fake¢l tesi He |
aydanuraydin@gumushane.edu®00-0001:5594404X

OZET

Bu -al ékma, klinik y°netimin geleneksel ope
duygusal vV e sosyal yiemtiily&d{leadlenebesteghhelkoij i
Knovasyon" modeline ge-iK s¢recini analiz et
sajl ek ara-safée&n (ALt eraktef sisteml er) ps
entegrasyonué Kana&tamD@ygBD) prensiplerinin Kk
"Payl akéml & Karar Verme" modell erinin y°net.i
Bakém s¢re-leri; sadece téebbi m¢dahal e dej
tanameat er . Analizler, hasta merkezl: i Novas
(HCAHPS) artéermakla kal madéjéné, ayné zamand
ve hastanede kal ék s¢relerini (LOSHe sotpetjiimmi z
y°neti msel bir standart (KPI) haline getiri/l
yorgunl ujunu" azalttejée ve kurumsal bajl el é]j
tasarém °Jelerinin ve diejkinti&ll elrd sntian,y dlacsu lawnjé
anksiyetesini y°netmede en et kild] i novati f a
boyut; veriye dayal e y°netim ile I nsani d
kuruml ar @énén,mltaglkmael o'jpiski kyastoesrya | i yil ekme"
personel in "terap°tik il eti ki m" yetkinliKkI e
°neril mektedir. Gelecejin klinik bakarése, t
vzyoner I|liderlikle m¢gmkegn ol acakteéer.

Anahtar Kelimeler: K1 i ni k Y°neti m, Hast a Deneyi mi,

Knovasyon, Bi yopsi kososyal Mo d el
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DIGITAL COMPASSION: A TECHNOLOGICAL AND PSYCHOSOCIAL
TRANSFORMATION PARADIGM IN PATIENT -CENTERED CARE

Assoc. Prof. Dr. Aydanur AYDIN
G¢m¢egkhane University, Faculty of Health

aydanuraydin@gumushane.edu®00-0001-5594404X

ABSTRACT

This study aims to analyze the transition of clinical managemenmt & traditional focus on
operational efficiency to a "Patie@entered Innovation” model that integrates the patient's
emotional and social needs with technological advancements. Within the scope of this research,
the integration of digital health tool&l( telehealth, interactive systems) with psychosocial
support mechanisms, the impact of EvideBesed Design (EBD) principles on the clinical
atmosphere, and the managerial outcomes of "Shared Deblsking" models are addressed
within a theoretical imework. Care processes are redefined not merely as medical
interventions but as "experience designs.” Analysis indicates that padi@eted innovations

do not only increase patient satisfaction scores (HCAHPS) but also improve treatment
adherence by gpoximately 30% and optimize the length of stay (LOS). Establishing
psychosocial support as a managerial standard (KPI) has been found to reduce "compassion
fatigue” among healthcare professionals and strengthen organizational commitment.
Specifically, bighilic design elements and digital patient journey mapping techniques have
been identified as the most effective innovative tools for managing patient anxiety during
clinical processes. The new dimension in clinical management is the ability to syntiaaize
driven management with human sensitivity. It is recommended that healthcare institutions link
their technological investments with "psychosocial healing” outcomes and develop the
"therapeutic communication" competencies of their staff as a core nmaeagstrategy. The
clinical success of the future will be possible through visionary leadership that utilizes
technology to "humanize" the patient experience.

Keywords: Clinical Management, Patient Experience, Psychosocial Support, Healthcare
Innovation, Bopsychosocial Model.

1. Girik

Sajl ek hizmetleri, tarihsel ol arak hastal ekl
-er-evesinde kekillenmixktir., Ancak son yell:
sajl ék hizmexl eéesinaéi eFréxki mve hasta bekl enti
yetersiz kal dejéné ortaya koymuxktur. Bu do]
i yil ekmeyi dej il , bireyin psikolojik, sosya
batinculb i r anlayéka y°nel micktir. Bu d°n¢kg¢m, I
etkilemik ve hasta merkezl:i bakém yakl aké&meén
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Hasta merkezl i bakeéem, bireyin dejerlerini,

merkezi neeypyebiekxyakl akém ol arak tanémlanmakt
al écésé ol maktan -ékarak, kar ar al ma s¢gre- |
gel mektedir. Bu dur um, yalnézca hasta memnut
g, -l endirmekte ve klinik sonu-I|laré olumlu y©°u
Bununla birlikte hastal éék ve hastanede yateéx
ol uktur maktader . Anksiyete, depresyon, bel i
hag al ar én iyil ekme s¢é¢recini ol umsuz et kil ey
girikimler °ncesinde ve sonrasénda hastalard
ve iyilekme sg¢gresini uzatabil melotsgdilr .deBu erke
i steje bajlée bir unsur dejil, bakéméen temel

Teknolojik gelikmeler de bu d°n¢gkegm s¢égrecini
yapay zeka destekli sistemler, uzaktan izlem teKietove sanal gerceklik gibi yenilikler,

psi kososyal dest ek s¢re-lerini g¢é¢-lendiren
teknolojilerin etkin kullanéme, insan odakl
edilmesini gerektirmektedir. Bu denee, Klinik yonetimde psikososyal destek ve hasta

mer kezl i i novasyonl ar én rol ¢ng¢ kapsaml é b i
dejerl endirmeyi ve geleceje y°nelik °neriler

2. Klinik Yonetimde Psikososyal Boyutun Onemi

Psi kososyal boyut, bireyin duygusal, biliksel
etmektedir. Sajl ek bakéeménda bu boyutun g°z
°] -¢de azaltabil mektedi baj elmékhEkRr amspemkolyaij
dengeye kadar bir-ok fizyolojik s¢reci et kil e
artérarak iyilexkme s¢re-lerini olumsuz etkile
Hastanede yateéek s¢rentidy zbeinrienyilne rb oiz-uilnd ug lug k éblen
bajéemséezl éjén azal déjé bir d°nemdir. Bu s¢re-
zamanda korku, yalnéezlék ve -aresizlik gibi d
Ozeli kl e yojun bakém, onkoloji ve cerrahi klinil
Psi kososyal destek, bu olumsuz etkilerin azal!
hastal arén stres d¢zeyini iazeatlitkairna ks ¢treed-alveiryien i
ve sajlék hizmetlerinden duyulan memnuniyet:i
psi kososyal destek mekani zmal aréné sistematiKk
3. Hasta Merkezl Bonkmm ve Y°%°neti msel D% ng¢

Hasta merkezl. bakém yakl akémeé, klinik y°net
et mektedir. Bu yaklakem, bakém s¢re-lerinin si
°n plana -ékareér. Her hastaneépl drelnazre&r sbizr eoyi
i htiya-laréna, dejerlerine ve yakam kokull are
t emel bir unsurdur. Sajlék profesyonellerinin
kur mas é, géeven il itkekdiasviinis ¢grée-clienned i a knteikft ek avteé |
Ayné zamanda hastal arén karar verme sg¢gre-1eri
arteéerarak psi kol oj ik Pyl ik halini destekl en
mer kezl i balkielmaesiuyiguilmn&ur ums al kel tereén b u
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gerekmektedir. Liderlik yakl akéeml ar e, -al ékan
perspektifle yeniden diizenlenmelidir.

4. Yenilik-i Psikososyal Destek Uygul amal ar é
Gunimizde ek nol oji k gel i kmel er, psikososyal deste
Sanal ger -ekl ik uygul amal ar &, °czell ikl e I NV e
d¢zeyl erini azal tmada et kil bir y&Ilngredm ol ar
di kkatini farkl & bir ortama y°nlendirerek str
yakamal aréené sajl amaktadeéer. Mobil sajl ék uygu
sajl ek duruml aréneée s ¢r eklve ketdietni daha givemde| er i ne
hi sset mel erini sajl amaktader . Bu ter teknol
s¢reklilijini destekl emektedir.

Yapay zek© destekli sistemler ise b¢gyeéek verd
Onceden belireyebi | mekt e vV e ger ekl i m¢dahal el erin
tanémaktadér . Bu dur um, psi kososyal destek i
kol ayl akt érmaktadér. Bununla birlikte, teknol «
gee Kti i unutul mamal édeéer . Bu ara-1I|ar, hemki r ¢
dejerlendirilmelidir.

5. Hemkirelik Rol¢ ve Multidisipliner Yakl akéeé
Hemkireler, hastalarla en fazla zaman ge-iren
uyguln mas énda mer kezi Dbir role sahiptir. Terap®©t
ili kkisi, hemkireliKk bakéménéen temel unsur | &
psi kososyal destejin etkinlijizmanaater maktdadé
sajl ek profesyonell eri ile I kK birlifji i -inde
Kekilde karkél anmaséné sajl amaktadeéer.

6. Klinik Ortam ve Hasta Deneyimi

Fizi ksel -evr e, hastal ar én etkigei s&hiptlr. &jriltly, d ur uml e
mahremiyet eksikliji ve yetersiz konfor, stre:
sakin ve hasta dostu ortamlar iyilekme s¢greci
Hasta deneyi mi, saj |l ek hi zdnelilbie dlgutnhaline kal i t es
gel mi ktir. Bu nedenle klinik y°neti m, hast a
geliktirmelidir.

KI'inik y°netimde psikososyal destek ve hasta
hizmetl erinin nklal ibdhiersi gel iak mediam. °Arecak bu s
bul unmaktadér . Kaynak vyetersizliiji, personel
yaygénl akmaséne engelleyebil mektedir.

Bununla birlikte, teknol oj i Kesyapeldrininksirekli er i n hé
ejitim ihtiyacénée artérmaktadeéer. Ayréeca tekn:
ili kkinin zayéfl amaséna yol a-abilir. Bu nede
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7. KIl'inik Y°netimde D°naklmage mEar damn: H&el an é
Sistemlere

KI'inik y°netim anl ayéxke, sajl ek hizmetlerinir
ge-irmi ktir. Gel eneksel d°nemde sajl ek hizm
-er-evesinde yapreltandereé mtedanwiastabééktdakEBana
uygulandéejeée ve hastanén -ojunlukla pasif bir
yakl akémda klinik y°netim, s¢re-lerin verimli
temelunsurar ¢zerine kurul muktur. Ancak bu model ,

di kkate al mamasé nedefhyykgébkzamasbal aterdani ||
hizmetl erinde yakanan dej] i Ki ml eimesinkzemimi k y°ne:

hazérl|l amékt ér . Kroni k hastal ekl aréen artexke, h
eri ki mdeki farkl el ekl ar, daha esnek ve Dbirey
kel mékt ér . Bu s¢re-taegahméka bakkbgra kemdamsaftg
kateléemé tekvik edil meye baklanméxkteéer. B°yl ec:t
°n plana -ékmékteér.

Hasta merkezli sistemler, bireyin yalnézca fi:
Ve sosyal gereksinimlerine de odakl anmakt ac
kikisellexxtirilmesini ve hastanén karar al ma
y°neti m, bu dojrultuda daha esnekn¢KimMixtticgwi.me
Sajl ek profesyonell eri araseéendaki i K birlifji
yeéeréteéel meye bakl anmexkt ér .

Teknoloji k gelikmeler de bu d°n¢gkegm ségrecinde
kayetl arée, Vveri wendtiijmtailstiemem ara-1are, kil
y°netil mesini sajlaméexkxteéer. Ancak bu teknol oji
kal mayép, hasta deneyimini iyilexktirmeye y°ne
Ginumuzde klinik yonetim, kalite, giivenlik ve hasta deneyimini bir arada ele alan entegre bir
yapéya sahiptir. Dejer temell sajl ek hizmetl
hasta memnuniyetini art ér may é al liestdke Klimike me k't edi
y°netimin vazge-ilmez bir bilexkeni haline gel
d°ng¢ K¢ m, sajl ek hizmetlerinin daha insancél,
Gel eneksel yakl akémlamra age -hiaks,t ay arlem&zczd i bisri sy
dej il , ayné zamanda sajl ek hizmetlerinin tem
gel mektedir. Bu evrim, gelecekte daha yenilik
geli ktiril mesmaktademi n hazeéer|l

8. Gel ecejin KI'i ni k Y°neti mi: Dijitall ekme,
Entegrasyon Perspektifi

Gelecejin klinik y°netimi, hézla geliken tekn
beklentlerid oj rul t usunda yeniden «kKekillenmektedir.
gé-lerinden biri olarak °ne -ékmaktadeéer. EI ek"
uygul amal aré, klini k kar ar uhalegetmeekteslig, Buesistdmierr i ni
yal nézca hastal ekl ar én y°neti mini dej il , ay
belirl enmesini de kol ayl aktérmaktadeéer .
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Ki kisellexxtirilmi k bakém yakl|l akémeéy n agned ketcaed & ri
Geneti k veriler, yakam tarzeé faktorl eri ve Dbi
tedavi etkinlijini artérmakta ve yan etkileri
daha aktif Kk atpsikolgjikiglik halinitdedesteklenekedire r e k

Psi kososyal entegrasyon, gelecejin sajleéek sis
Kl'inik y°neti m, bireylerin yalnézca fiziksel

hal eri ni de kapsayan bg¢t ¢gncel bir yapéya d°ng¢k

pl atformlaré ve uzaktan danékmanl ék hizmetl er
kull anél maktadér .

Yapay zeka destekli sistemler, riskt @& nd a Kk i bireyl eri er ken d°ne
m¢dahal el erin pl anl anmaséna ol anak tanéemakt a
y°netiminde ve ruh sajl ejeé hizmetl erinde ©°n
teknolojiler, bir¢g¢ | er i n sajl ek durumlaréené anl ék ol ar ak

daha proaktif bir kKekilde y°netil mesini m¢mkyg
Ancak bu d°n¢gkegm s¢grecinde bazé etik ve y°net
mahremiyetrk or unmasé ve teknolojik exitsizlikler,

al maktader. Ayreéca teknolojinin yojun kull ane
etkilekimi zayéeflatma riski tekeambhbjadeéet e Bums
arasénda dengeli bir yaklakém beni msenmelidir
Gelecejin klinik y°netimi, yeni |l i k- teknol o]
czerine inka edilmelidir. Ejitimu Idiofdewlithkida
yapélandérél mal éder. Sajl ék profesyonell erini
becerilerinin g¢-lendiril mesi, bu d°n¢Keémeén

di jitall ekmeni xe bake&ems glalké mkiémil lar &, klinik y®©°
aral amaktader . Psi kososyal entegrasyonun bu s
eri kilebilir ve s¢grdegreglebilir hale gel mesini
9. Fiziksel Cevrenin Psikoe sy al Et ki si : Kanéta Dayalé Tasar e
Kl'inik y°netimin fiziksel boyut u, psi kososyal
(EvidenceBased Design) prensipleriyle y°netilen al

Gurdltt Azaltma: Alarmy or gunl uj unun ve koridor ge¢relteéeseén
ritminin korunmaseéeé.

Doja il Pedfeemase: manzarasé veya i- mekan bitkil
baskeél anmasé.
Sanat én Ky i Klimkkkoridorlarda ve bek gang: al anl ar énda Kkul |l ané
hastal ar ve personel ¢zerindeki sakinlektiriec
Klinik yonetimde yeni boyut, operasyonel mikemmeliyeti "merhamet” ve "inovasyon" ile
ta-landérmakteéer. Psikososyabl dpsykejhastayemgpyp:
kull anan kurumlar, sadece daha iyi tedavi et m
klinik y°neticileri, verilerle d¢kegnen ama hi
(Grafik 1).

Grafik 1. Ge-mi kten G¢gngmgze Mesajl ar: Klinik Y?°
Ozellik Geleneksel Klinik Yoénetimi (1.0) Hasta Merkezli & Kni
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Otorite Hi yerarki k ve HelKatél émcé ve ¢ok Di
Bakém OdaHastal ék ve SemptKns abeneyira
Teknoloji Sadece Tedavi AmiéDeneyim ve Erikilehbi
Kull anéme
Psikososyal Kkincil veya Kste¢Entegre ve Zorunl u |
Destek
Olcimleme Sadece KIlinik BarDeneyim Skor !l ar & a(kRl
(Mortalite/Morbidite) Kalitesi
10. Sonug ve Sentez
Psi kososyal destek odakl é klinik y°netim, saj
Hasta merkezl. i novasyonlarén etkin bir «kekil
sonu-laréené iyilextirmektedir. Bu dojrultuda
standart bakem s¢re-lerine entegre etmesi, S
sajl amasée ve teknol oji k udndrilaektédm &Sonag olarakj kinik - er - e
y°netimde bakaréel é bir d°n¢gkegm, yalnézca tekn
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Psikososyal Destek Hasta Merkezli Inovasyonlar

Psikososyal Bakim Teknolojik Inovasyonlar

® Anksiyete ve Stres Yonetimi Multidisipliner Eklp Dijital Saglik * Dijital Saglik
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‘ Psikososyal Destek ve

Hasta Merkezli Inovasyonlar
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MEKANKK VENTKLASYON DESTEJK ALAN HASTALARD/
MASAJ: GASTROKNTESTKNAL FONKSKYONLARI N DES?
ETKKLK BKR HEMKKRELKK GKRKKKMK

Yusuf Yg¢ce
Mers n } n vers tes [/ Sajl

ék B | ml er En
Yceyusuf O @gOnDadmD 04804468 6 5

Do-. Dr. D jdem LAF¢I BAKAR
Mers n | n vers tes |, Hemk r el k Fakg¢l te
| afc @me+0sO 6000 ©AM11949116 X

¥ZET

Bu derl emen n amacé, mekan k vent | asyon
gastro ntest nal fonks yonl arlent @reatt &k | teenmesls|
tasarl anan J2a02kmpédlal ar2008r asénda ul usal vV e
yayeéml anmeék arakKkter ma makal el er random ze
taranméexkteéer. L terat¢r snmekam hkdeenyoj asybakéd
enter al besl enen hastalarda sék g°r¢l en gasH
d yare ve konst pasyon g b gastro ntest nal
kull anél an abdoond amlall a maalsmg kK t¢ézre.r net er at ¢r b u
deste] alan ve enteral beslenen hastal arda
bu durumun hastal ar én y |l ekxme sg¢grec n ol u
uzatam | @y°jstermekted r. Bununl a b r | kte,
arasénda yer alan abdom nal masaj én baj érsak
ve abdom nal d stans yonu azaltt é]jyé nveet kno nnset
jladeje b |Id r | mekted r. Ayr éca ab
er taraféndan uygulanab |l en b r g r
t érab | d h nvd¢i;gasltemmad ersd
] | mekted r. Sonu- ol ar ak,
I gastro ntest nal fonks vyo
ejerl pPamikrr eimekt eaggru.l akaha
abdom nal masaj én kil n k bakém s¢re-ler ne d
azaltéel masé ve hasta bakém sonu-1Iar énén y |

Q_:,_,_.—rm'

Anahtar KPeddomelreal: nbaessalje n neen,t eyroajlun bakém.
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ABDOMKNAL MASSAGE KN PATKENTS RECEKVKNG N
VENTKLATKON SUPPORT: AN EFFECTKVE NURSKNG |
SUPPORTKNG GASTROKNTESTKNAL FUNCTKONS

Yusuf Yg¢ce

Mers n Un vers ty, I nst tute ngf Health
Yceyusuf 0 @gOnDaOO0 94804468 6 5
Do-. Dr. D jdem LAF¢I BAKAR
Mers n Un vers ty, Faculty of Nurs ng, De

| afc @mefrGRGI. diuD:®@ ¢AI0OPAD 6 X

ABSTRACT

Th s rev ew a ms bbb akdomnaalt heaa srsoa gee
gastro ntest nal funct ons n pat ents- rece
based rev ew, research art cl es, random zed
n nat onalonarnd darntadbrars®@ts bet ween 2000 and 2
select on focused on gastro ntest nal compl
vent | ated and enterally fed ntens ve care
abdom nal d stens on, d arrhea, and const pa:
n the management of these probl ems. The f
gastro ntest nal compl cat onsemtreer alolnynofne d nj
and that these compl cat ons may adversely a
of stay n the ntens ve care un t. -Howeve
phar macol og cal nurs ng tomteuppepott obswelhamolt
gastr ¢ res dual volume and abdom nal d st e
gastro ntest nal problems such as const pat
a saf-envamsonve ntaem véet per fohated c by nNur s e s
parasympathet ¢ act v ty, ncrease per stals
conclus on, abdom nal massage s cons dered
gastro ntest mnapatueot sorece v ng mechan cal
of ev-bdseeadenurs ng pract ce, t he ntegrat o
processes s recommended n terms of reduc r
pat ent care outcomes.

KeywoAldom nal massage, enter al nutr t on,
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G r K
Yojun bakém ¢n teler (YyB} ), yakamé tehd
czey zl em ve tedav s n n gerr-eekktl erketn r° 2 edl ]
rr-mler d r. Bu cn telerde zl enen hast al
nstab | te ve met abol k denges z| kl er nec
duymakt ader. Me kan Kk vent | asdgne¢l melsveotler
fonks yonl arénén devam ett r | mes a-éséendan
-ek tl s stemler ¢zer nde olumsuz etk |l er o
Yoj un bakém hastal arénda sék kar kel akeél e
destej n n sajl anmaseédeér. Or al al emeéen m¢ mk
gastro ntest nal S stem be¢gtenl ¢ éng Kor uma s
fonks yonlaré destekl|l emes neden ylBaunulnk at er
b r | kte enter al besl enme, °czell k1 e mek ar
gastro ntest nal kompl kasyonlarén gel K m n
Enter al besl enmeye bajl é gel Ken kompl k
artekéom nal d stans yon, bul ant é, kus ma,
L teratg¢rde enter al besl enme uygul anan yojJ
gastro ntest nal kompl kasyonl arén gel Kt ]
2016) . Bu kompl kasyonl ar yalnézca hasta ko
ent er al besl enme toleranséné d¢kererek tedayv
¥zell kl e konst pasyon, yojun bakém hasta
sonu-1|lar ¢zer nde bel rg n etk | er ol an b r
analjez k | a- kKull anémé, hemod nam Kk dej
konst pasyon gel Kk m nde ©°neml anr &l veywynhamalk
s¢é¢res n uzattéejé ve yojun bakémda kal ék sg¢r
Gastro ntest nal kompl kasyonlarén °nlenn
ek ol arakmaloml oj k g r Kk mler n kBl Iganré nké ngl «
arasénda yer alan abdom nal masaj , baj éersal
mot | tey d¢zenl emey ama-1| ayan, g¢evenl V €
masaj én parasempat Kk S n r osnséem nadktf enk
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destekl ed ] ve gastr k rez d¢el vol ¢m | e
sajl adeje b | rr- Il mekted r.

Son yeéellarda yapeéelan randocamale zKcmrrt, r odHd
masaj én yojun bagkemohaseat anahda stem ¢zer n
ortaya koymaktadér (Bayrak Kahraman et al .,
Bununla b r| kte mevcut -al ékmal arén séneéerl e
prot oknodlelker farkl él ékl ar, el de ed |l en sonu-| &

Bu bajlamda, mekan k vent | asyon alteéendak
abdom nal masaj én gastro ntest nal S stem
dej enml| é me s °nem arz etmekted r. Bu der | eme
abdom nal masaj én etk | er n nceleyen ul useé
mevcut kanétl arén be¢gteéencyel b r baké&k a-éseéeyl
Materyal ve Metod
Arakt érmanén Tasar émeé

Bu -al eékma, mekan k vent |l asyon alténdak
abdom nal masaj én gastro ntest nal S stem ¢:
I terate¢gren deljeeyydeéndvea d dstfjematanknder | eme n
L teratg¢r Tarama S¢grec

Ar akt ér ma

Sc enceD rect,
ger -eklext r |
aK aj edak
nutritiono,

n

fgastrointest:]I

m

G

anahtar

Amechanical

Kt r.

kapsaménda |
Schol

Tar ama

oogl e

k el

nTad r ke @ mptl d rcaam d loanrsda

terate¢r

me | effalvceo fomal

ventilationo,

tar amas é;
ULAKBKM T
Ocak 202

nmassyvad ead

ar vV e

s¢rec

AT nt e

feat emalbd

besl enmeo, Ayojun bakeéemo, Aimekan k vent | asy
k el mel er Bool ean operat®©°rler ( AND, OR) | e
Dah | Ed | me ve Déeklanma Kr terl er

Dahil edilme kriterleri

T 200200%@&1 | are arasénda yayémlanmék ol masé
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Yojun bakém hastal ar éne -er mes

Enter al besl enme uygul anan hastal areée kaps
Abdom nal masaj én gastro ntest nal s stem
Random ze kontroll ¢ -al ékmal akmalar évedeme
anal zl er

Tam metn ne er K |l eb |l en T¢rk-e veya Kng

|l anma kriterlertd

eren -al @Kk ma

D

>

(o]
1

Ped atr k hasta grupl ar
Hayvan deneyl er

Vaka sunumlaré ve ed t°re mektupl ar

Tam metn ne ul akélamayan -al ékmal ar

Abdom nakémas&aj dgér Kk mler ncel eyen - al
ékmal arén Se- m ve Dejerlend r | mes

L terat¢r taramasé sonucunda el de ed | en
erlend r I m kKt r. Uygun bulunan - anleé Kk mal
terl er ne uygun ol an -al éeékmalar anal ze
e, arakter ma tasar émeé, °rneklem ©°zell k
st pasyon vb.), temel bul gd!l ar ®d maké&sendan

Anal z ve Sentez

¢al ékmadaanaktek wepal mamék olup, el de ed
t em | e dejerlend r I m kKt r. ¢cal ékmal al
eflandéerélmextéqgel AGals & mo Kk AAbdom nal C
ks yonl ar é (konst pasyon, defekasyon) o,
are)o ve AVent | at?oor I Kk | k ompl kasy
zer | k vkek aftaer kall &l neakrlaakr kdar k €l akt ér mal & b -
k Boyut
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Bu -al ékma I teratg¢gr t emel | b r der |
gerekt rmemekted r. Ancak -al exmada kKul | ané
-er-eves nde atedktgrmapélarak kull anél m

Bu derl emen n bazé sénérl él ekl aré bul unma
9 Dah | ed |l en -al ékmalarén °rneklem bg¢ye¢kl
T ¢al ékmal ar arasénda uygul ama s¢res ve te
T Sadece T¢rk-e ve Kedy llmgxe yayénl arén dah
T N cel-amelt az yapél mamék ol maseé
Bul gul ar

20020010 yellaré arasénda yapélan -al eéxkxmal
mot | tes ve konst pasyon ¢zer ndek etk | e
enter al bebbhkaemn hpgefaharéna y°nel k dojruda
d°nemde abdom nal mas aj daha -ok teor k ve f
k| n k uygulamaya y°nel k g¢-1¢ kanétl ar hen

2012 yeéel e t barZgllkomtur all lapdaalranmdalmar én
g°r ¢l mekted r. Uy s al ve arkadakl arénén (201

besl enen yojun bakém hastalarénda abdom nal

d stans yon veankuasnmhee odriazrelyadreé mé&m | déj é€ sapt an

masaj én enter al besl enme toleransé ¢zer ndek
olarak dejerlend r | mekted r.

Bunu zl eyen yeéellarda yapeéelamn +al amalaan
¥zdem r (2015) taraféndan ger-eklexkt r |l en r
GRV ve abdom nal d stans yonu azal tteje vV €
b I'd r I m kt r. 2018 yéleéenda tMpolneemmf aal évkemaa
abdom nal mas a | uygul amasénén °zell k1l e kK n
gester I m kt r. Bu bul gul ar, abdom nal ma s .
besl enme toleranséné arteéerab | ecefj n d¢ Keénd
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2020 sonrasé d°nemde | terat ¢r daha da ge
-al ekxmal ar yayeémlanméekteéer. ¢et nkaya ve arka
GRV ve abdom nal d stans yonu naczaakl tktuésjnea, ¢dzeefr
anlaml é& b r etk s n n ol madéjé bel rienm Kt
kompl kasyonlar ¢zer nde ex t derecede etk |

2022 yeéelenda yayémlanaanal szleenade k alkddnmr
kr t k has

k -alékma sayésénén sénérl é& ve metodol o

talarda GRV, abdom nal d stans yon
anc

a
Ayné d°nemde abdomelnlal gnom K mlasryom da&sntro n
b

vV e esl enme nt ol eranséné azalttéjéna y°nel

2023 yeéelenda yayémlanan random ze kontrol
daha ayréntéele b - @Dtengprivayarkaymukbuoueneén
abdom nal masaj én GRYV, abdom nal d stans yon
ancak kusma, reflg¢ ve d yare ¢zer nde anl aml
KIl'g n ve ¥Eraféfa@@d23yapél an -al ékmada se ab
abdom nal d stans yonu dg¢Ker me, def ekasyon
y°n¢gnde et k| ol duju saptanméexkter.

2024026 yellaré araséeénda yayémranamdgsgnoe

masaj én °zell kl e GRV6n n azalteéelmasé yoluy
azaltab | ecej n g°stermekted r. 2025 yél en
abdom nal masaj én °zell kIl e u@RMWMI¢znmearn énnd e ka nn
azal ma sajladéejé b I d r Im Kkt r. Ayné d°nem
f zyol o] k parametreler ve kil n k sonu-1ar

koymaktadér. 2026 yéleéehdaépdd sapékaynworahéklka
masaj én GKS fonks yonlaréné destekley <c et k
g°stermekted r.

Genel olarak | teratgr dejerlend r | d J
gastr Kk rem¢ o ¢ ealzalvbél masé, abdom nal d sta
bokaltéménén d¢gzenl enmes czer nde ol duju g¢©
g b k ompl kasyonl ar ¢zer ndek etk | er daha
ede ed I mem «kt r. VAP ve asp rasyon ¢zer ndel

sayeda -al ékmaya dayanmaktader.
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L terat¢reéen metodol of k a-édan dejerlend
°rneklem b¢gyeéekl ¢kl ereln rk8l0e K3g0et @& n ke - Mk ddlga
-ojunl ukl a kesa (3 gén) ol duj unu g°ster mek
protokoller n n séklék ve s¢re a-éséendan fa
g¢é¢-l ekt rmektederl.deBwemdundlean urllgudtaa,én b¢ye¢Kk
g°stermes , abdom nal masaj én ki n k kull ané

Sonu- ol &2r0a2k6, Vy2e0l0l0ar &€ ar aséndak -al ekmal
abdom nal masaj én, émekan nk ewert bleastl®rnee nb ayjolj
gastro ntest nal fonks yonlaré destekl eyen,
ol duju s°yleneb | r. Ancak bu etk n n bg¢yeékl
ortaya koymarkkez-l n -boky ¢kke °r nekl eml ve uzu
-al exmal ar a ht ya- bulunmaktadeéer.

Tabl oMekan k Vent | asyon Alteéndak Enter a
Abdom nal Masajiz026ékmal aré (2000
Yaz-del 11 ke Tasar [{¥rnek TemBul gul Sonu-

Ment ec Eroan Pr ospé¢ nals %32 GRV ar| GKS kompl
2001 17 g%zl e besl enme yaygénd
Uy s al & ) _ Abdom nal GRV kontr
2012 Terk RCT N=60 Grvey an| etk | d
‘ _ GRV, d sta GKS fonks
Lyualet, ¢ n Deney| n=60 Kusmada a y | ekt
Bayr ak GRV ve d s
Kahraman Tg¢r k RCT n=60 azal de, VKEnteral to
2015 azal dé
Zhou et ¢ n K n n&80 Kus ma, d GKS sempt
-al éx d stans vy y | ekt
Shaer e Kr an RCT n=70 GRV, abdom Kl n k ol g
' ve d stans
Dehghan _ Defekasyon |Bajérsak f
2018 Kran RCT N=90 "\ onst pas.y dest ekl
Wang et ¢ n Metaasnal 8 - al _GRV ve d s Kangt dz z
isz2er nde a y ¢ ksek
tet nkay . _
2020 Teé¢rk RCT n=64 GRV ve kus|Enteral t o
_ ‘ _ D stans yo|Semptom ko
Tur kay, Terk Deney| n=60 Kus ma az etk | d
Doktor o GRYV, konst o
Tur an, Terk ( RCT) nav7ao azal deé: K ¢cok y°nl
Zhang et ¢ n RCT n=12 (?RV’ asp Enteral to
stans y
Esk ¢ K ) _ GRYV, d st an Kl n k s
2023 Terk RCT n=72 anl aml & ¢ y |l ext
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S ster
GRYV, d st a , ,
Wang et ¢ n derl enl10 - a fetans yo G¢-1 ¢ ka
me taa a |
Javeed Pak s RCT n=80 GRV dc',K(',K(',A Et k _ mevc|
2025 ol umlu ej séneéer | é
Yen -al ¢ ok Devam Standart g -
2026 mer k e RCT i araktere Kanet gel
Tart ékK ma
Bu derl eme kapsadmandal gludar , mekan k ven

besl enen yojun bakém hastalarénda abdom nal
czer nde genel olarak olumlu etk | er sajl ade
vol ¢m (&BY) nhabbd stans yon ve konst pasyon
b - mde rapor ed | mes , abdom-fnaarl mankaoslaojjé nk kgl

ol dujunu d¢kegndegr mekted 1.

¢al eékxkma bul gul aréna g°r e atbkd osn nd | k kmeats a-j el
sonu- , Uy s al ve Eser (2012) |l e Bayrak Kah
random ze kontrollg¢ -alékma sonu-1I| ar e | e u

mas aj uygul anan grupl ar da eGR\ ad a@jég rél gr° st er d

rez d¢el vol ¢m¢n azal mase, ent er al besl| enme
azal masé a-éséndan kil n k olarak kr t Kk b r
yeéer et el en -al ekxkmagdlaaj édha gabdomknarletmas yonu
azal tab | ece]j b I'd r I m kt r. Bu dur um, abc
zamanda kompl kasyon °nl ey c b r g r kK m ol

Abdom nal d stans yohguyzaerr neceelledned @ d nide
-al ekxmal arén abdom nal mas aj l eh ne sonu- b
al ., 2016 ; Shaer et al ., 2017; Tur an, 2022
masaj én baj ér s arkakmog a 4 ves mmteattand -er |
a-éklanab | r. L terat¢rde abdom nal masaj én
bu yolla gastro ntest nal mot | tey dest ekl

ed Klenn k bulgularla °rt¢kmekted r.

Bajérsak fonks yonlaré ve konst pasyon ¢z
ve ark. (2018) | e Turan (2022) -al ékmal areén

ve konst pasyonu. a¥Yajlun éj @&k @gmsheaegt dlimarké@nda Kk
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ardé ed |l en ancak kl n k sonu-1laré etk | ey
Konst pasyonun mekan k vent |l asyon s¢res n

b I'd r | mekeaeder abBwm nal masaj én konst pasy
ol arak hasta prognozunu y |l ext reb | ecek b

Bununla b rl kte, kusma ve d yare g b d
ed | enr smndlatha heterojen ol duju g°r¢l mekted
-al ekxmal arénda bu semptomlarda azalma b I d
anl amlé fark saptanmaméxkteéer. Bu durams¢reas$ éx
sékl ej e, hasta ©°zell kl er ) | e I Kk | 0
mult fakte°er yel b r et yoloj ye sah p ol ma:
enfeks yonlar) abdom nal masajén etk s n s é

Vent | at?©or I Kk | pn° mon (VKP) a-ésénd
KIl'g n ve ark. (2023) -alékmasénda abdom nal
b I'd r I'm xt r. Bu bul gu, abdornm kn aals pmarsaasjyéonn
d¢Ker mes |l e a-éklanab | r. Ancak Bayrak K
azal ma ej | m g°zl enm K ol mase, bu et k n
g°stermekted r. Bu nedenl e WVYKReklzeml ndehkl| €t
dest ekl enmes gerekmekted r.

Me taan a | z -al éexkmalare da (Wang et al ., 20
°czel l kl e GRV, abdom nal d stans yon ve gast
etk | er o ldwH trwrl cdaumfakkrtwa d ér . Ancak ayne -al ex
dej kKkenlerde heterojenl J n y¢ksek ol duj unt
ht ya- duyul dujunu vurgul amaktader .

Genel ol ar ak dejerlend r I d J nydeel,oj akbdo
mekan zmal ar l e tutarl é& g°r¢nmekted r. Me Kk &
artéeke yoluyla gastro ntest nal s stem fonk:
bakém g b yé¢ksek o skl k Ic én tke daarvt a nyl aakrl daak €
dejerlend r | eb | r. Bununla b rl kte, uy gu
a-éséndan | terat¢grde b or borld Kk bul unmamasé
Sonu- ve ¥ner | er
Sonu-

79



EUROPEAN CONFERENCES 9th |I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriis, 32D2BRAN
I SBN 9NMB:2-5 6 D4b

Bu der | eme 2kOaDpO8 2 &né nyded | ar é araseéenda ger -

ulusl araraseée -al ékmal ar ncelend J nde, abd
enter al besl enen yojun bakém hastal arénda ga
etk | famkiolmgn k g r Kk m ol duju sonucuna ul at

El de ed | en bul gular, abdom nal masaj én ©°
abdom nal d stans yonun g der | mes ve bajeér
k| n k a-éden aa]bmbdé] &@&n& Bp°stermekted r. B
azaltelmasé ve defekasyon seéekl é&]jénén artere
semptomat k dej |, ayné zamanda gastro ntest
ortlayyamakt adéer .

Ayréca bazé -aléexkmalarda vent | at®©°r I K
bul gul arén el de ed | mes , abdom nal masaj én
da etk |l eyeb | ece] n d¢ K¢ ndeédremeskétneédr Ire  sAanycé
|l e destekl enmes neden yle genelleneb | r|

Bununla b r| kte, kusma, d yare ve refl ¢
el de ed I en bulgularénnaletmasajgeadan obdujde] vek

etk s n n daha séneérl é& olduju g°r¢l mekted r
mult fakt°r yel yapése | e I kk | ol ab | r

Genel olarak dejerlend r I d J nde zalwdom n
ol mayan ve hemk reler taraféendan kol ayl ekl a

hastal ar énda gastro ntest nal kompl kasyonl

tamaml ayécé bakém yakl akéméder.
¥ner | oer

Bu derl eme dojrul tluesrungleal awta]ré dlark Kk t° nre:r

KITnik uygulamaya y°nelik °neriler
9 Abdom nal masajén, mekan k vent | asyon al
hastal arénda standart hemk rel k bakém pr

T Uygul amanén etkaoéyfanmasat éspré&sam séekl e

| Kk n standart k| n k rehberl er n ol ukt
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T Yojun bakém hemk reler ne y°nel k kanéta

e] t mler n n planlanmasé ve yaygénl akteéer

i Gastro ntest nal kompl kasyon r sk yékse
bakéem g r K m ol arak erken d°nemde uygul

Araktérmaya y°nelik °neriler

T Abdom nal masaj én etk nl | mmadcalyd ag dh-élyé k
°rnekl eml , -0k merkezl random ze kontro
T Abdom nal masaj én °zell kl e vent | ateor I
iczer ndek etk |l er n ncel eyen l er d¢ z
9 Farkygul ama protokoller n n (s¢re, sékl ek
odakl e -al ékmal arén yapeél masé °ner | mekte
T KI n k sonu-Ilaréen daha kapsamdl, dej erl end

Cohentés d vb.) rapoasangaer elamektmad ar én ar

m
—
—_

(tim ve politika d¢e¢zeyinde °neriler

T Hemk r el k | sans ve | sansg¢gsteg ej t m pr

farmakol o] k g r Kk mlere daha fazla yer v

T Yojun bakém ¢n teler nde bakdény aklaél t es n

uygul amal arén yaygénl akter él maseé - n kur
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FKBROMKYALJK SENDROMU TANI SI ODAEMOKGRIAKIKKRDE
VE KKKKSEL FAKT¥RLERKN AJRI kKDDETKNK YORD/
KNCELENMESK

Arak. AGBgke Krerm SAYLAM
Dokuz [mBylvelr s t es
aybuke.irem.sahin@gmail.comhttps://orcid.org/000®00307167527

Prof G¢Dray, DKRKK
Dokuz Eyl ¢I i n vers tes
gul ay. d r Xkhtips:#dorcid.erg/@Q00@W00257489180

F brom yal|j s e nsdkreolneut (sF MS)e,m k arsahat sézl ekl
uy lkgw - | ¢kkil leirk s e | i Kl duybozgak|l skkankebear k &apr ¢
i -eren bir hastaleéekteéer. FMS6de ajré kiddeti,
boyutl u biyopsi kososyal fakt°rl erden dojruda
tanésé al mék bireyl er demogijarf € kk ved &t ikmisey orf &d
arakteéermakteéer . Ar akt ér mil e384 GDr=n&3B)lve miygk vy a Kk
-ojunluju kadén (n = 177, %97.8) ol an, 181 F
SosyodemografikHa st al @€ k| aF oklmuk kairlaic éBiéljgeiyl a t op !l an mé
Kiddeti d¢zeylerini yordayan fakt°rleri beli
olan yak, ejitim d¢gzeyi, gelir d¢gzeyi, ajreée
defkenl erinin bajémséz dejikken olarak dahil
uygul anméxtér. Analiz sonu-1are, kurul an mod

Kiddetindeki varyanseéen %&R2=.293<.mMi0 19 -. & kDlgakd,&k] &
dizeyinin =0 . pO . 05) ve &F03@pse€kle@pPpeneaj (e «ti dnd et
d ¢ z eby -0.53,p< .05) ve uyku kalitesiningf=-021,p= . 006) i se ajreée Ki
y°nde yordadeéejYakttawvsrywimate ki lymikiatmi ol ayé ge-m K
anlaml e b r yordayécé etk s FMSaptharm&maktadr b

ajreée kKkiddetinin uyku d¢gzeni, ajre seéekleje,

il ieekddwjunu ortaya koymaktadér. Arakteér maneén
tedavilerin yané séra uyku hijyeni ejitimin
y°neli k multidisipliner yaklakémlar ayinin ht i y a-
koruyucu bir faktor ol ar ak °ne - ékmase i se
okuryazarl éjénén ajré algeéesé ¢zerindeki Kri
ejitim ve gelir d¢zeyine sahidempsltamak éad §re
bireylerin 6zy et er | i | i k1 e reijniit i axr toédraakcl aek ppssiikkoos o sy al
tedaviye entegre edil mesi, aj?ré kiddetini dg
2Bu bildiri, devam eden doktorartezinin verilerinin b
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KKKNCK EVRE MEME KANSERK TANI LI 66 YAKI NDAK
MANEVK Y¥NELKMLK BDT UYGULAMASI : BKR VAK

Uzm. Dr. Hanife Musa
hanifemusa280®gmail.corm ORCID ID: 0006000213361812

OZET

Bu -al ékmada, i ki nci evre g°jJé¢s kanserii t an
Yonel i mli Biliksel Davranék-¢é& Terapi -er-ev
incd enmi ktir. Terapi s¢recinde; hastanén ikl e
kabul ve kK¢kegr pratikleri, dua, umut suzl ukl a
y°neti mi ¢ zer iMyer éocdaa kd saaméed amééayna &lvaadsét jadl évka rsogl r uek
ve anlam bul ma m¢cadel esi , manevi bili ksel

Uygul anan m¢gdahal el er sonucunda hastanén i - s
olumsuz otomati k d¢kgaopuneelaemmd amé éumutrsazlal kmah i
olarak MBD T ; il eri yak ve onkol oji s¢recindeki t
yakam kalitesini iyilektirmek ve hastal ek de

bir vyakl!l ackgendirilmékedirak dej e

Anahtar Kelimeler : Manevi Yonelimli BDT, Anlam Bulma, Meme Kanseri, Otomatik
D¢kencel er, Vaka Anal i zi
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Girik

Yakl|l anma, bireyin biyolojik, psi kolojik ve s
cokboyutl u ve ka-énélmaz bir s¢re-tir (Ekki,
Bu s¢re-le birlikte kronik hastal ékl aréen g°©°r
bireyin genel vy ak @tilerknakiedirt\éodd HedltmQrganizatior?, 2025}, d e
¥zelli kle ileri yak d°neminde ortaya -ékan o
et mekl e kal mayép, aynée zamanda bireyin psikdc
anl ameée dereirn nedteki | er yaratmaktadeér (Stanton,
Meme kanseri, kadenl ar arasénda en seék g°r ¢l
grubunda taneé aYliniaal drZa aTeanmyé; kss¢erketciir, (bir - ok b
bir deneyim ol arak algélanmakta; bu durum sé
sonraseé sg¢re-te bireyler; kaygé, korku, beli
yakayabil mektedir (S¢tcecefi 209Dl Kilreemn- yaa |l a
bu psikolojik y¢ken daha ajeéer hi ssedi |l mesin
varol uksal sorgul amal ara yol a-makta ve fine
sorularl a karkeéel akéamva.l aBénaokeadea bi makita mar
si st emi hastal ékla bak etme s¢recinde °neml.i

Koenig, King & Carson, 2012).

Biliksel Davranék-¢é& Terapi, bireyppl andevseh
duygusal ve davranéxksal Pyil ik halini arter |
(Beck, 2011). Son yéllarda BDT6nin manevi ve
kroni k ve yakamé tehdintc ¢dd ebni rh amsstdaal héakl | ea ridnak @

Manevi y°nel i ml:i BDT yakl akémeé, bireyin yal
dejerlerini, i nan-l aréné ve yakam anl améneée
gé-lendirmeyi ama- |

( D duZaak Rodrigo, 2004; Pearce ve ark., 2015).

Manevi Y°nel i mli Biliksel Davranék-é& Terapi
Biliksel Davranék-¢é& Terapi (BDT) , bireyin dg
et kil eki mi t emel al ar ak, i K | ferkesliimesi ve yehider s e | 0
yapeél andérél maséna odakl anan, et kil il ifji -0

psi kot er ap iHenyich, &lbnaieveskkeSaholten, 20238 . Manevi Y©°nel i ml
Davr anék - eBDTT eratiiple spirfudly integrated cognitive behavioral therapy
olarak da adlandereél maktader) ise bu kuramsa
dejerlerini ve varoluksal anlam arayékene te
(Pargament, 2011).

M-BDT, °czelli kl e di ni vV e manevi hassasiyet
g¢é¢-lendiril mesine katke sajlayabil mektedir.
yapélandéreélan psi kol ojik m¢dah apsikeldjilkeiyilik n t e d a
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halini destekl ediJini g°stermektedi-BDT( Ros ma
sek¢l er BDT il kel erini dékl amaktan ziyade, k
ederek daha geni k kapsaml éotbeirra pm¢ dvaeh apl sei k-oel ro-
s¢re-lerinde maneviyateéen aktif ol arak el e al
m¢dahal el erin geliktirilmesinde °neml.i bir r
et al., 2025).

M-BDTG6de k u lkhikeen éklasikn BDT emudahalelerinin  manevi icgeriklerle

b¢tenlexktirilmik bi-imlerinden ol ukur. Tan v
ve a-éeék (explicit) olmak ¢zere iki t emel str
terapistind anékanén manevi y°nelimlerine duyarl e b
a-ék entegrasyon, danékanén onayeé dojrultusu
dahil edilmesini kapsar. Bu kapsamda, dini ve manevi metinlerin terapttikkallmeé , dané Kk a
yakadéje deneyimleri kendi I nan - Si st emi -
(Summermatter, & Kaya, 2017). Dua, tefekkir ve meditasyon gibi uygulamalar, duygu
dizenleme sireglerini destekleyerek igsel sakinlik ve guven duygwsunt ér abi | i r .
Kekil de, dini baka -éeékma (religious coping)
tevekkygl (il ahi dé¢zene ge¢éven, kontr ol edil e
ber akma), bireyin bel i rdcddkil i ki Iviek skednteaond e kKW
(Pargament et al., 2011; Hokelekli, 2013).

Ayr éca, K¢kretme pratiji (gratitude) bireyir
y°nlendirerek biliksel yeni den - erdieeyid!| e me
arterér (Emmons & McCull ough, 2003) . Di ni roi
bireyin yakaménda s¢rekl i ik, anlam ve d¢
aktivasyonu destekleyici bir i6kl ev g°rebilir
¥zelli kle kabul ve kKk¢kretme becerilerinin ge
duygul arl a bak etmede iklevsel bir rol oynay
yargél ayéce i - konukmal arlél,i dlaihlai kksaeblu | © re¢dn tc
yapélanderel ér . B°yl ece birey, yakanteéel ar éné
anlam ¢retilebilecek deneyi mler ol arak dej e
Vincenzo, Campitiello, InnamoratBecinti, & lani, 2022). Sonu¢ olarak-BID T , bil i kKse
duygusal ve davraneéxksal m¢dahal el er i bireyi
psi kolojik i1yilik halini hem de varol uksal
yakl akémé s uynarkalkakaédme,r . © zBeul | i k1l e manevi y°ne
terap®°ti k s¢reci derinlektiren ve m¢dahal el e
-er-eve olarak dejerlendirilmektedir(Ekki et

¢tcal ékmanén Amacé

Bu - al ék mane mek ikmmiseavr ¢ anésé al mék 66 yakénd
tedavi s¢recindeyken uygul anan ManeBDT) Y°nel
s¢recini vaka anali zi y°ntemiyle incel emeyi
ver diijligi | er kull anélarak vye¢regtel megk ve etil
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Veriler, danékanén seans boyunca payl akteje
aracel ejeéeyla toplanméxteér .
Mudahale Sureci ve Terapide Uygulanan Teknikle
M-BDT s¢recinde m¢gdahal el er K ana eksende
yapélandérma -al éeéxkmal ar édér ; danékanén ot ome
AYal néz béerakeél démo veya fAArt ek yhain- biimank-€elyair
manevi biliksel Kemal ar czerinden (i mtihan,
danéekanén hastal éjée kikisel bir ceza ol ar ak
yorumlamaséna ol anak sajlhamerkgmnt ;Buyggsek, K
duygusu il e bak etmesine ve yalnéez ol madéj] én
Tanré ile bajéné g¢-lendiren manevi farkénd
hastal ék karkéeseemakdymajdéee shieks evtemigket i r . Bu
danékanén hastaleéjé ink©r etmek yerine ger-e
bir Kekil de dejerlendirmesini sajl ameéexk; sab
duygusalel®gyamaehkkléeéran aktif bir baka -éeékma tL
Kki nci eksen, manevi pratiklerin terap®°tik
boyunca danékan, kabul ve kK¢kretme -al ékmal a
kalan &k j erl ered -evirmeyi deneyi ml emi K; her se
uygul amal aréeyl a danékanén kendi gé-1 ¢ yonler
sajl anméexkteér . k¢kretme pratiji, d daymaldasan é n d i
y°nl endirerek umut ve psikolojik iyilik hal
edi |l emeyen durumlara karké diren- yerine es
tevekk¢l ve dua uygulamalasendbetdanégkahakgye
rahatl ama kazandérmak amacéyla d¢gzenli ol ar
yakl akémé vurgulanmék; danéxkanén yalnézca so
ve i -sel hazeéer | ékr melsea ddeersaceek| lkatmé k@ inr g° Otae €
metinlerden aléenteélar ve kendi i nan- sistemi
peki ktirmiktir. ¥zelli kle hayata yeniden baj
ki ki sel idtuaelvieerzi ki r) aracelejeyla ge¢nl ¢k
desteklemiktir. Terapinin ilerleyen seansl ar
gereken bir sorun olarak dejil, yakah@am@neéen a
ol arak g°rmeye baklaméek; Tanré ile bajlanteées
ve Ke¢kretme beceril eri il e sabeér ve aktif k
sajl ekl e bak edebil mi kK, m Hanagal icsel khazyr,nuanlt vea r € n €

yakamla b¢tegnl ekme duygul aréneé peki ktirmikti
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Sonu- ve Dejerlendirme

Terapi s¢reci sonucunda danékanén ol umsuz dy¢
azal mék, manevi pratiklruzauwmr uwe ud mntmads{z esyaly e
ve K¢kretme becerilerinde kayda dejer bir ge
kurban ol arak dejil, manevi g - ve anlam b
s¢rdegrmeye iBBkileayme Kk oekol oM i hastal arénda yal
dej il , ayne zamanda bir fAanlam haritaséo ikl
yé¢kl emesini ve psikoloji k dayanéekl él é] éné gg¢
arter anf aeknt °gr¢,- lkgi reyin acéséna manevi bir an
Danékan, seansl ar boyunca dua, zi kir ve sev
kaynakl arénée kull anmék hem de hayatla b¢t¢nl
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GORUNMEYEN YUK: TRANSFEMORAL KORONER ANJKYOGRAFKSONRASI

AJ Rl VE VASKULER KOMPL KKASYONLAR
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OZET

Bu derl emen n amacé, transfemor al kor onel
Kl em sonrasé s ék g°r ¢l envaghkeel erk anmamml ke
dejerlend r | mes ve bu kompl kasyonl arén ©°r
g r kK mler n n etk nl J n n ncel enmes d r.
tasarl anmexktér. Ul amsladr & ia@doa2l62 G0e@ rl aarr &s &a rvaesré n d
araktérma makaleler random ze kontroll ¢ -
ncelenm Kt r. L terate¢gr se- m nde, transfem
kompl kasyahhar émd éeimal ar | e bu kompl k as)
hemk r el k g r K mler ne odakl anél méxkteéer. L
uygul anan uzun s¢r el mmob | zasyon ve fem
d¢zey nénéarver kajnama |l e hematom gel K m [
Bununla b rl kte, uygun poz syonl ama, er ke
z|l enmes ve hasta ej t m g b hemk r el k
d¢zewdal tt ej e b I'd r I mekted r. Nonf ar makol
uygul ama, masaj, transkutan®z el ektr ksel s
tekn kler n n ajrée y°net m nde etk | rell dWwj u
bakém planl arénén hasta konforunu arteéerdejeé
Transfemor al KAG sonrase gel «Kken ajré vV e
hemk reler n rol¢ kr t k °nemé esam mpt ury.guKan
erken taneéel ama, uygun poz syonlama ve etk
°nl enmes ne kat ke sajl amaktadér . Kl n Kk uy
gel Kt r | mes ve hemk r ellemme sn bPun earl al nndeak teefd
Anahtar Kkdr amredreranj yograf , Ajre, Kanama, |
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THE | NVKSKBLE BURDEN: PAKN AND VASCULAR COM
TRANSFEMORAL CORONARY ANGKOGRAPHY

ABSTRACT

The a m of th scoemoewpwpocsddwr a&lvavasadwel ar

such as pa n, bl eed ng, and hemat oma n p
ang ography (CAG), and to exam ne the effec
prevent on and managceame notn saf Tthh ess estadmp was
based rev ew. Research art cles, random zed
bet ween 2000 and 2026 were exam ned through
nternat omhe databtsen. of the | terature f
bl eed ng, and hematoma follow ng transfemor a
t he management of these compl cat ons. The f
andgphr essure appl cat on to the femoral reg
l evel s and el evate the r sk of bl eed ng ar
ntervent ons such as appropr ate nposoft tome |
ntervent on s te, and pat ent educat-on s (
phar macol og cal met hods, cold appl ~cat on,
st mulat on (TENS), and d stracftf eecnt tvechnn (g
management . Furthermore, nd v dual zed nur
contr bute to better cl n cal outcomes. Nurs
vascular compl cat ons f omhdloevmenrgt attr domns feaefmo e \e
nurs ng ntervent ons fac | tates early dete€

through appropr ate pos t on ng and effect \
standard zed caacgeael pprogaotcodes amd ctlo nstrengt he

Keywo€dsonary ang ography, Pa n, Bl eed ng, H
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GKRKK

Transfemor al koroner anj yograf ( KAG) ,

tedav s nde kwdygweamre!l ahar aankvaz v b r g r K m

hastal @& énén dejerlend r I mes nde altén star
(Calk ns et al., 2018; Page et al., 2016). B
bw r kK m sonrasénda ajré, kanama ve hematom
ve hasta konforu l e kI n k sonu-1laré ol ums:!
Cha r et al ., 2012).

Gel eneksel k| n k uygukamamarda, hgmat @mmg
°nl emek amacéeyl a hastalara uzun sg¢rel d¢z s

Ancak bu yakl akémén -°skdlletk|l 8 dtedm ajrra&tset, s

konforsuzl uk | e ldak kg ° st erl A ak tham - (okke z- aadl €
Mohammady et al ., 2014) . Uz ameé Kk mmob | zas
katkéeda bulunarak y | exme sg¢grec n gec kt 1

b I'd r I mektz@12) (Cha r et al .,

Son yellarda yapél an -al ekxmal ar , uzun
sorgul amakta ve poz syon dej «k kI | bak vy
yakl akémlaréen etk nl | n n ckeelsemdenkdtae d sr° z Bk
poz syonel g r kK mler n °zell kl e ajre d¢gzey
kanama ve hematom g b vaske¢gl er kompl kasyon
b I'd r I'm xkt r (AlmdnolSlaaab etetala.l, ,2Q@0O;1)N B

KAG sonr aseé bakémda daha esnek vV e hast a m

g°stermekted r.

Poz syon dej «x kI J n n etk | er yal nézc

-al ekxmal ar nbuy agKk arm kb untlgeurl ar € ve hemod nam k ¢

de ncelem Kkt r. Ancak bu al andak kanéetl ar
yakam bul gul aré ¢zer nde genel |l kl e obemsuz
f zyol oj k stab | tey destekl eyeb | ecej n

2025). Bu durum, poz syonel yaklakeéemlarén kil
daha l er araktermal ar a ht ya- duyul dujunu
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T Ajr é, kanama, hematom veya yakam bul gul ar

T T¢rk-e veya Kng | zrc e- ylaggkemd lammrmé Kk t am met
Hari - tutulma kriterl erfi

T Rad al (transrad al) g r Kk m | e l g | -

T Ped atr k hasta grubu (er Kk n pop¢l asyon
9 Derl eme déxké ed tor al, olgu sunumu ve ta

Ver Se- mender dej 8grec

L teratg¢gr tar amasé sonucunda el de ed | e
ncelenm k, uygun bulunan -al ékmalar tam me
tasarém t ¢gr ¢, °rneklem b¢gyeéekl ¢] d.e wegel a@amrarre o
sonu-1ar a-eéseéendan anal z ed I m kKt r. Se-
dojrultusunda sénéflandeéer él mékteér: AA] rée d¢
bul gul aré (kan baséncé, nabemplsalasyoml|lalb o) o

Et k Boyut

Bu -al ékma | terat¢¢r t emel | b r der | e me
gerekt rmemekted r. Bununla b r| kte, -aleéexn
yapél mék ve b Uymbsmukeoar k kurall ar a
Senérl él ekl ar

Bu -al ékmanén bazé séneérl él ékl arée bul unma

9 Dah I ed | en -alékmalarén -ojunun tek mer

ol mase

M Poz syon ve mob | zasyon protog®dEter masn
T Yakam bul gul ar éna |l kk n sonu-1larén séne

BULGULAR

Tabl oda transfemor al koroner anj vyograf
ajreée, kanama, hematom ve yakam buimgltlhaea ¢

karkeél akt érél masée yer al maktadeéer.
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Tabl oflransf emor al koroner anj yograf sonr asé
bul gul aré ¢zer ne et ki2sO2n6) ncel eyen -al eékma
Yaz-del [Tasar ¥rnekM"’dahaDeJerle‘Temel Bul ¢
Poz sy|Dej KKer
G¢venl
Gal | ¢ q 90 dk Kanama
2006 Prosp naz2o0 mob | hemat o komr))/IOkkas
Boztos KI n o Er ker Kanama Kompl k a
- nalbs i
al ., -al e ambul a hemato art mada?é
Rezae ya;6 Poz s ;
Adaryad n=60 Y Ajre, k Ajreée 2z,
al . . eney mob |
P Sert ajr
Cha r _ 4 sa Ajreée, |
2012 RCT n=41 mob | rahats kom)p;IOkkas
Mohamms stel,, _ Erken Afjrée, klAjrée Z, ko
et al | der | ¢ mob | hemat o far,k y O
Abdol | RCT n=70 Pog S Ajr e, hAJre Z, h ¢
al ., dej K y 0 k
Ol son BaKk ;
RCT ndl0| y¢cksel Ajrkanal Ajre 2z,
2016
proto
Progr i N - - -5
Val ee _ Ajrée, Kk Ajreée zZ, |
2016 RCT n=80 go; S hemat o hemat om f
e] K
N kna - -
Sarab | RCT n:728e(‘¢ﬁ4%‘g' Ajhgﬁqét‘; Ajre 7,
2021
Téeren Kl n B 30A b . .
5022 -al &i n=90 yiksel Ajre Bel ajr¢
El s ama RCT n&10 Poz syAJre, h, Ajre Z, h
al . | mas aj kanamg
Me taanal Met a Kanama Kompl kas
2023| anal |28 -3 Mob | hemat on yok, aj
Derl elS ste 5 Er ker Kanama G:venl
2024 | der | ¢ mob | hemat o ¢
kah n Yare agg Poz s| Ajre, yAjre Z, v
2025 deney proto bul gul y | ekt
Kncelenen -al édmpeanlegenel | oljarmde, poz s
mob | zasyon wuygul amal arénén °zell kle ajreée
ge°r ¢l mekted r. L teratg¢rde yer alan random z
-ojunlujunda, dwzunsusps,me poz syona keéyasl a ba
dej] «k kI J ve erken mob | zasyon uygul anan
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d¢e¢kéek ol duju sAptaayaakt &re @R&zae 2009 Cha r

2 061; N knam Sarab ve ar k., 2021) . ¥zell k|
mmob | zasyon s¢res n n uzamaseéyla artteéeje;

d kkat -ekmekted r.

Kanama ve hematom gel K m abermahdnan db’
-ojunluju poz syon dej «k kI jJ ve erken mob
rr sk n arteéermadé] éné g°stermekted r (Gall %
ar k. , 2015, Ol son ve drak.da,?2 (®lzee)l.l An cea ke rhkaezn
mob | zasyon uygul amal arénda kanama a-ésénda
bul gu, poz syon dej] Kk kI J n n genel ol ar ak
b reysel hasta alzéenlna skél egrerne knt df knk atge® st er me |

Yakam bul gul aré a-éséndan ncelend J nde,
séneéer| e ol duj u ge°r ¢l mekted r. Mevcut bul gul
iczer nde ol umsuz b r bez& - aollakmallraaraddae] énéy
destekl eyeb I ecej n g°®stermekted r (kah n
ed |l en bulgularén sénérl é& ol masé neden yl e,
-al ékma l e kesfekldgmpag!| mpgkted r .

¢al ékmal ar én genel ej] | m ncelend J nc
konf orunu olumsuz etk led | ; buna karkél ek

uygul amal ar énén ajreéeye azal tan, mdlaasyt as kkd refr

k omp | kasyonl aré artéermayan g¢venl yakl akeéerm

Sonu- ol ar ak, Il terategr bul gul ar é transi
poz syonel g r Kk mler n, °zell %«djel adaejeewve, k.
kanama, hematom ve yakam bulgularé ¢zer ndek

ortaya koymaktader.
TARTI k MA

Bu derl eme kapsaménda el de ed | en bul gul a
sonrasé bakémdgoongbulyakbdakpmkareéen hasta sont
ol ukturdujunu g°stermekted r. ¥zell kl e uzun

etk s , | teratg¢grde tutarl é b - mde rapor ed
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ugul anan uzun sg¢r el d¢z sup n poz syonun ha
d¢kendegr mek-Aedryaf Reeneal ., 2009, Mohammady

¢al ékma bulgul aréna paralel ol ar ak, I te
-al é&ukemas st emat k der |l eme, poz syon dej «k kil
d¢zeyde azalttéjéneée g°stermekted r. Cha r ve
mob | zasyon uygulanan hastal arddar slém tktajrr.é sl
kek | de Val ee ve ark. (2016) |l e N knam Sar
ve kademel poz syon dej «k kI J n n ajre d,
saptanméext ér. Bu bul gudzacg Kkemxl rkds yko nb a’krelme
a

manda konfor arteérma boyutunu da -er mes

Kanama ve hematom gel K m a-ésendan el d

poz syon dej «k kI ] ve er kkeanl ento bk d mrla sy anwa

_,
—_
(o]l

rmadeéejé g°r ¢l mekted r. Gal | ve ar k. (20¢0
Kmal ar , er ken mob | zasyonun g¢venl ol
ml & b r artéka neARrdolollanad éy e nar Ig° st 20 In®

6) -al éexkmal arénda da benzer sonu-1lar el d

B o o

I K m a-eéseéndan géevenl b r yakl akem ol

Q — 9
©Q d® N S D
o

| ekxmal arda Y2elrldeklkeanamaenr s&ane d kkat -
b reysellexkt r I m K hast a dejerl end r mes \

gerekt J n g°stermekted r.

Yakam bul gul aré a-éséndan el de ed ften bul
-al ékmal ar poz syon dej «k kI J n n hemod n
g°stermekted r. kah n ve ark. (2025) taraf é
yakam bul gularée ¢zer nde ol umlu elt kr Il ekt eo,| ut

alanda kanetl arén sénéerl é& ol masé neden yl e,

etk |Ier n n daha gen Kk °rnekl eml -al exmal ar

Genel ol ar ak dejerlend r |I'd j ndenrdsaer
bakémda uzun sg¢r el mmob | zasyon yakl akeéemé
poz syon dej «k kI J | e er ken mob | zasyo
uygul anab | ecej n gestermekted r. r&kiezIldur u

yakl akéemlar dojrultusunda yen den yapél andeér
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L terat¢reéen metodol o k a-édan ncel enmes
°rneklem b¢yéekl ¢kl er n n sénérl e kal mdseée ve
sénérl el eklaré ortaya koymaktader. Bu neden
genel l eneb | rl 7 n artéreéel maseée - n -0k me
-al ekmal ar a ht ya- bulunmaktader.

Sonu- ol ar ak, buojdreul teumeu ndwal, g utl mares f e mo |
poz syonel yaklakeéemlareén °zell kl e ajreée ve h
buna karkél ék kanama ve hematom a-éséndan
bul gul aré ¢zer ared ek aretkk €lreerl masckalgae rfekt J S
uygul amal arda kanéta dayal é& hemk rel k g r K

SONU¢ VE ¥NERKLER

uy
a -
k a
uy
g¢

vV e

Bu

ge

p o
b a

SO

k o
k a

nu-

Bu derl emeden el de ed | eannjb uyloggurlaafr , stornarnas
gul anan gel eneksel uzun sg¢rel mmob | zas
éséndan opt mal b r stratej ol madej éné a
demel poz syon deye K ukylgujn ,z abmam | § ¢ lkeg &letn
gul amal ar énén, hastal arda ajré d¢gzey n an
-l ¢ ve tutarl é kanétlarla desteklenmekted
¥neml ol ar ak, mevcut I terat ¢r ¢knanbagnyas k b
hematom g b vaske¢gl er kompl kasyonl ar é ar
kkatl k| n Kk zl em kokull arénda g¢venl

nunl a b r| kte, °czel l kl e erkekRl ePnemfe 8
l undurul ar ak, bu wuygul amal arén standartl a
rekmekted r.

Yakam bul gul aré a-éséndan el de ed I en bul
z syon dej] Kk kIl feni,mnerhemba mlaumsku s tmbr let |
zé duruml ar da f zyol oj k stab | tey des

nucun genell eneb | rlj - n daha y¢ksek

Sonu- ol ar ak, toma rasfée nboarkaelmdlA @ oz syonel
mp | kasyonlarén °nlenmes ne dej |, ayneée zz¢

néta dayal é, g¢evenl ve et k | hemk r el k
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¥ner l er

El de ed | epr wlutlgsud mda dkol n k uygul ama ve

akaj edak °ner | er sunul maktader:

KIinik uygulamaya y°nelik ©°neriler:
Transfemor al KAG sonrasé bakeéemda, uzun s
poz syon dej «k kI J wreo t boakko | yl ¢ekrs e Igtemhe K t- &
Erken mob | =zasyon uygul amal aré, hasta ©°z
kull anéme) d kkate aléeénarak b reysell ekt
Hemk reler taraféndan g r Kk m b°lges , ka
stemat k ol arak zl enmel d r.

Ajré y°net m nde poz syonel g r kK mler, f
bakémén b r par-asé hal ne get r I mel d r
K n k ortamlarda bu uygul amal arén g¢venl
hemk r el k rehberl er ve bakém algor t mal

Araktérmaya y°nelik °neriler:

Poz syonel g r kK mler n etk | er n dej er |
rmdom ze kontroll ¢ -al ékmalar planl anmal é
Gel ecek -aleéexkmalarda yakam bul gul areée, hem
sonu-lar b r nc | sonlaném dej «kxkenler 0
Poz syon dej «k kI J proto&kloéklearea ot asgda
ed |l erek karkeéel aktérmalée -al ékmal ar yapeéel
Nonf ar makol o] k hemk rel k g r kK mler n n
model | er arakteéereéel mal eder .

Ulusal | terat¢rde bu konuya ykreen k -al é

yakl akéml aré gel Kt r | mel d r.
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HEMK KREAIKANI NDA KAHKAHA YOGASI KLE KLGKLK
¢ALI K MALARI N LKSAN! ST! TEZLER KAPSAMI NDA DE.

Do-.Dr Nurten G¢ls¢gm BAYRAK
G resun | n vers tes Sajl ek B | ml ¢

gul sum. bayr ak-@oOD&HBuBP 6 LU . T

Hemk re Gg¢gl KI RDEMKR
G resun EJ t m ve Araktérma Hast a

gl krdmr O @gOna@OD B&AHL 4 9

¥ZET
Kahkaha yogase, g°n¢l Il ¢ kahkaha egzersizler
fiziksel ve psikoloji k 1ivyi ol ukunu destekl el
-al ékmxdaehe k al anénda kahkaha yogaseé il e i
kapsaménda dejerl endiril mesi ama-|l anméxkteér .
tezl ere Terkiye Cumhurivyet. Yéksek ¥ renim
tabanéndan ul akél mékter. Her hangi bir yeél s é
tabanéna Akahkaha yogaséo anahtar keli meleri
¥zetler ve bakl ekl ar dejerl 23dirsamsgst hemet
kapsaména al énméxkteéer . ¢al ekxkmal arén tanéemlay
¢tal ékmal arén %73,9 y¢ksek i sans tezi olup %
grupl aréné %39,1 ireykeoniokukastramla&jtadelran ¢

yogasénén farkleé ©°rneklem gruplarénda psi ko
depresyon ve olumsuz duygu durumlaréné azal't
u
[

ol duj un ordaya alWemkmabarén be¢gyegk -ojunl uj
kalitesi, yakam kalitesi, mutl ul uk, pozitif
et kil er ol ukturduj u; baze fizyolojik g°ster
i yil ekined ésjaé8 bel irl enmi ktir. Bununla birlikte
anl aml é& fark saptanmamék ol sa da, genel ej i
et mesini destekl edijini ve psi kososogugldr uyum
dojrultusunda kahkaha yogasénén psikolojik i
sajlayan g¢venlii ve uygul anabilir bir tamam
klinik uygul amal arda ve hemkakéeErkl emps€i Pined
Anahtar kelimel er: Kahkaha yogasé, hemkireld.@
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AN EVALUATION OF LAUGHTER YOGA STUDIES IN NURSING WITHIN
THE SCOPE OF GRADUATE THESES

ABSTRACT

Laughter yoga s a complemlemntaaryy plracghtcer te
breath ng techn ques, a m ng t o shuep prog t o ft h
nd v duals. Th s study a ms to evaluate po:
nurs ng. I n th s dweescst pdy,yvet hensles ewermns pact e
Thes s Center"™ database of the Counc | of H

was conducted on Febrwuary 15, 2026, us ng t|
I m t, awdr 29f ohedesAbstracts and t tles wer
n the f eld of nurs ng were ncluded n t he
of the stud es were evaluated. 73. 9%Wepné the
random zed controlled des gns. The sampl e ¢
d seases (39.1%). The study f nd ngs reveal

supports psybcehonlgog nc al fweelrlentr damplse t®@r o @@ ¢
anx ety, depress on, and negat ve moods. The
yoga has pos t ve effects on sleep qual ty,
we-bke ng; and hmps owvlewsg scoame pnd cators (e.g.
|l evel s). Wh |l e stat st cally s gn f cant d f
trend nd cates that | aughter yoga supports
psychhc al adjust ment . Based on these result:
appl cable compl ementary metlhedng hand sawgpmtorr t
stress management . Therefore, t scats®n ns

recommended to be w despread.

Keywords: Laughter yoga, Nurs ng, postgradua
1. GKRKKk

Kahkaha yogasé, g°n¢ll ¢ kahkaha egzers zl er
dayanan t ama nbleadyeénc ey abk lrakzEé nhé dnér . G¢ncel -al e
yanéténée d¢zenleyerek ps kolopykn duyoluudur
ol umlu y°nde et k | e ygkib&Kocaca, 20p4). n g°stermekted
Hemk r el k bakéméndfaarmamkwamloagy kc éuyge | mamal ar ,
becer s n n desteklenmes , yakam gagtleeved n h
a-éseéendan hemk r el k g r Kk mler -er s nde
uygul anab | r, géevenl , mal yets z ve kol ay
°rnekl em grupl arénda ke mk ede (vamdeiicebupc@bg)r € r mal ar
Hemk r el k d s pl n - nde kahkaha yogasé
dejerl end r mek, alanéen mevcut durumunu ve h
koymak a-éséndan b¢y Jk ulnemn at d K smankstgasd &r .t eBUu
ncel enmes kahkaha yogasénén hemk rel ktel
t emel | uygul amal ar én geBaeta,20255 | mes ne katkée
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2.YONTEM
2. 1. Arakt érmaneén tipi
Bu -al ékma tanémlayécé ve retrospekt f ol ara

2. 2. Araxkt maneéen amaceée

(o]l
-

Hemk r el k alanéenda kahkaha yogasé kavr amén
Kurulu Ulusal Tez Merkez -skéxkmbbbrnaa geael n
kull anélan °|l -me ara-larénén ve elde ed | en
2. 3. Araktérmanén evreni °rnekl emi

Arakt ér maneén evren n her hang b r y el Sén
yogaséo anemehtaar bebramkl el de ed |l en 29 tez ol
ve °9zetler dejerlend r | erek hemk rel k al an
2.4.Veri toplama aracé ve verilerin toplanma
Veriler, arakteéer maaoéd tferrafuenmd akna yaleww tl winri it a mr
yazar, yeélé, araktérmanén y°ntemi, tez tg¢r g,
ol ukmaktader .

2.5.Verilerin dejerlendiril mesi

Arakt érmaya dahil edil en te&l%zellnickll ermie n( y a
yel é, tezin y¢é¢regtelde] e éniversite, tez tg¢r
incelenen -al ékmalarén genel sonu-1laré (Tezi
sunul muktur .

2.6. Araktérmanén etik y°ng¢g

Bu -al ékma kapsaménda ncel enen araktérmal ar
et k kurul zn al énmaséna gerek duyul mamecxt

3. BULGULAR

Kncel enen -adbkRe6RrRmaly&démreaO0ohdabentdaenmicktgitrl dg
176sinin (%73,9) y¢ksek Tdzslaenrsi nt eyzg r ¢otl ¢dlud ¢uj ¢
incelendijinde en fazla -alékmanén Atatg¢r k|
ger-eklexktirilAng | i nmedall anéi kat-iérs.é ndan dej €
ajérlekle olarak (n=12) hemkireli k ana bil:i
y°nteml eri a-eéséendan dejerlendirildijinde t:
-al exmal arvdean® ronleukklteur) ugr upl ar é a-éséndan i nce
hastal éjé& olan bireylerle -aléxkeéeldeje belirl
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1. Kncel enen -al éx
Universite  Teztirt Anabi | i m
Kzmir Yiksek Hal k S
Demokrasi lisans Hemkirel.|
U.
Kzmir Yiksek ( Hal k Saj
Demokrasi lisans Sajl éje t
U.
Kafkas U. Doktora He mki r el i
Atatirk U.  Yiksek Dojum ve
lisans Hast al ékl
Hemkirel.
Atatirk U.  Yiksek Dojum ve
lisans Hast al ékl
Hemkirel.
Kn°n¢ Yiksek Hemki rel i
lisans (Hemkirel
Esasl ar ée)
Kn°n¢ Doktora Hemki r el
(Cerrahi
Hast al ékl
Hemkirel.
Uskiidar U. Doktora He mki r el i
AnkaraU. Doktora He mki r el i
Ege U. Doktora Halk Saj |
Hemkirel.
Kzmir Yiksek Hal k S
Demokrasi Lisans Hemkirel.
U.
Kér ékk Yiuksek Hemkirel.
Lisans
Ege U. Yiksek K - Ha s i
Lisans Hemkireld.
Dokuz Eylil Yiksek ( Hemki r el
U. Lisans  Onkoloji
Hemkirel.
Marmara U. Yiksek Doj um Ka é
Lisans Hast al ékl
Hemkirel.
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mal ar én tanéml
Yontem  Orneklem
RKC Yoj un |
Hemkirel:
] RKC Ulusal  Medikal
Kurtarma  Ekibi
(UMKE)
personelleri
i RKC Kemoterapi Alan
Meme  Kanserli
Kadénl ar
RKC Menopoz
donemindeki
kadeéenl ar
RKC Primer infertilite
tanéseé
kadenl ar
RKC Tip 2 diyabetli
hastalar
Y ar & Bariatrik cerrahi
deneysel uygulanan hastala
RKC Hemodiyaliz
hastal ar
i RKC Hemkirel|
°Trenci |
RKC Gorme engelli
bireyler
RKC Hemkirel|
°Trencil
i RKC Hemkirel|
°Jrencil
Yaré Yakl & bi |
deneysel
RKC Hematolojik
kanser h;
Yaré Hemkirel|
deneysel Ebelik bolima
°Trenci |
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16. Kfinec Kzmi r Yiksek ( K- Hast Yaré Hemkirel.]

At ak, 202 Bakér - Lisans Hastal ekl deneysel ®°J renci |
Hemkirel.

17.Bilgihan,2023 Kst anb Yuksek Hemki r el i RKC Psikiyatri

MedipolU. Lisans hemkirel:
18. kahi n Atatirk U.  Yiuksek Doj um, RKC Lohusa ki
Lisans Saj |l éj e
Hastal ékl
Hemkireld.
19.Karago6z Kst anb Yiksek Hemki r el i RKG Jinekolojik kanser
Knce, 202 OkanU. Lisans tanésé al
20.Erdem,2025 Selguk U. Doktora He mki r el i RKC Ozel gereksinimli
-ocuju
anneler
21. Knan, DuzceU. Yiksek Hemki rel i Yar é Hemkirel:
Lisans deneysel
22. Yeél ma Manisa Yuksek He mki r el i RKC Yoj un
Celal Bayar Lisans ( Hemki r el hemkirel:
U. Esasl ar &)
23.Kuzu,2022 Kst anb Yiksek Hemki r el i RKG Hematolojik
Medipol U. Lisans kanser h;
*RKC¢ : Random ze kontroll ¢ -al @ékma
Kncel enen -al exmal ar én bul gul ar é dejerl end
-ojunlukla stres, anks yete, depresyon ve ne
y ol uk, uyku kal tes , yakamekalndtee® | ummuwt
sajladéeje g°r¢l mekted r. ¢al ékmal arén farklIl e
yogasénén kron k hastaléjé olan b reyl er, k
-ek tl pop¢l asyonlkarnd ao ludyugjud naun agh® slt err nbe krt egd
Bununla b rl kte bazé arakteérmalarda °z yet

f zyol o] k parametreler ¢zer nde anlamlé Db
kahkaha yogasénede ptse kloed wen kt ama mlod wkawue b r

dejerlend r I eb | ecej n ortaya koymaktadeéer
¢izelge 2. Kncelenen -al ékmalar ve bul gul ar é
Yazar/ YéTez Adeé Sonuglar
1.vVan,2025 Yoj un bakeém IKahkaha yogaseé, k e
kahkaha vy egastdrekt azaltmasa da spiritiel iyilik halini
ve spiritiel iyilik dizeyi tzerine baz & boyutl ar éne, o
etkisi:  Randomize kontrolll olmak Uzere olumlu ybnde etkileyert
-al @ékma bir eyi n i -sel kay
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2.Akdeniz,2022 Kahkaha yogasé

3.Coktay,2024

4.Celik,2024

5.Diril, 2023

6.Akcin, 2023

8.0zer,2019

yakam kalitesi
dizeyine etkisinin incelenmesi
UMKE °rneji

Kemoterapi alan meme kanse
kadénl ar a uy g
yogaseée vV e mi n
stres azal t ma

anksiyet e, de
kalitesi vV e S
duzeyleri Uerine etkisi:

randomi ze kont
Menopoz d°nemi
uygul anan kah
semptom y°%net
kalitesine etkisi

Kahkaha y
infertil k
etkisi

Kahkaha yogas
diyabetli hastalarda kan glikc
dejeri, hast a
al géel an annestkisi e

Bariatrik cerrahi  uygulanal
hastal arda k a
depresyon ve serotoni
duzeylerine etkisi

Kahkaha yogaseé
tedavisi uygulanan hastalar
plazma beteendorfin duzeyine

110

artéerabil eceji vV e
baka -ékmaséné desi

yakl akém ol arak g°r

UMKE personeline uygulanan kahkal
yogaseéneén stres V €

t¢e¢kenmi Kkl i k dgzeyin
ortaya konmuktur. I
al geseé, mes!| ek t a
yorgunl ujuwunpgamlt &nd
olukturmadéjée belir
Kahkaha yogaseée il e
kemoterapi g°ren

kadénl ar szerind

karkél akt érél mase

uygul amanén da anks
kalitesi ve spiritiel iyi ol u kK d.
czerinde et kildi ol d

¢al Eékmanén sonu-1 a
yogaséneéen kadeéenl
sempt oml ar éné azal
artér mada et ki | i
saptanméxkt er .

B u -al eékmada, k ahk
infertil kadeénl ar de
et ki | i ol duj u s a
yogasénén infertil

géevenldi v e et kil i
belirtilmiktir.

B u arakteéermada:; k ¢
gli koz déezeyini
belirl enmiktir. Ayr e
iyilexktirdifi vV e é

azalttéjeée saptanmécxk

Kahkaha yogaseéneén;
ameliyateé sonr aseée
serotonin d¢gzeyini

Bu arakteéer mada, he
hastal ar da kahkaha
bet a endorfin d¢ z
dejiktirmediJi be
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ajre kiddetine
etkisi

Hemkirel ik b °
°Jrencilerinde
yogasénén ruhs
tikarik  kortizol  duzeyine
etkisinin deje

Gorme engelli bireylerde
kahkaha yogasé
ofke dizeyine etkisi
Hemkirel®ijk enci
kahkaha yogas
bakeégnelar & il e
Uzerine etkisi
Hemkirel ik
uygul anan kah
sénayv kaygeéeseé

Uizerine etkisi

3.yakKk ¢niver si
kahkaha vyogaseé
ve mutluluk durumuna etkisi
Hemat ol oji k ka
kahkaha yoga:s

kusma ve
etkisi

anksiyete Uzerir
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m¢dahal e grubundarol:
grubuna keyasl a ar
ol duj u Ve uygul am
azaltteéeje saptanm
uygul ama sonr aseénit

puanl arénén anl aml é
beyeéekl ¢l énegn yéksek
Bu -al exmada, An
Hemkirel ik Bl ¢ mg¢
uygul anan kahkaha
semptomlag azalteéeceée y °
belirl enmiktir. Bu
d¢zeyl erinde de az
sonucuna ul akeél méxkt

Kahkaha yabasegheh
d¢zeyl erini anl aml
belirl enmicktir. Gi
d¢zeyinde degkegk gPo°
arasée fark anl aml é
Hemkirelik °jJrencil
-al eékmada, kahkaha
manevi bakém al gés
puanl arénda anl aml €&

goer ¢l megkt gr .

Kahkaha yogasénén h
sénayv kaygéseéene ¢
dézeyini ol uml u

goer ¢l megkt gr . Bul gul
strese bak etmede des
ol abilecejini g°ste
Kahkaha yoga uy g
bireylerde uyku kalitesi ve psikolojik iyi ol
czerinde olumlu etk
duygu durumunu azal

Ar akt er ma
yogas

bul gul ar
hnesneart o h @
bul #ms@ama semptoml a
d¢zeyini azalt mad
saptanméext éer .
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5
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Kahkaha yogasé Kahkaha yogasé uygu
semptomlara etkisi kalitesi, mutluluk ve pozitif duygt
durumunun artteéeje,
i se azal dej e bel ir
kahkaha yogaseéneén
destekleyen ve duygu durumunu olun
y°nde et kil eyen t a
ol duju saptanméxteer
Hemki r elark sBu -al éxkma sonucun
°fJrencilerindehemkirelik son S én
yogaseéneéen klirejitim sérasénda ya
al gél anan streuykukalt esi ni iyil ekt
kalitesine etkisi
Kahkaha yogas Kahkaha yogasénén ¢
hemkirelerininstresve t¢sgkenmi kK1 i ]
dur umu, algel céal gésénée olumlu y©°n
ve teésgkenmi kI ik
Randomi ze kont
Kahkaha vyogaséKahkaha yogaséneén
d°nemdeki kadékadenl ar én pwei dnksiyebe
ve stres dizeylerine etkisi d¢zeyl erini azaltar
belirl enmiktir.
Jinekol oj ik ki Kahkaha yogaseéeneén
uygul anan kah kadéenl ar da pod iukko | d
psi kolojik iyiartéerdéje belirlenn
¥zel gereksiniAr aka ébum gul ar éna ¢
annelere uygulanan kahkalt e me | | i gé-lendirtx
yogaseée temel |l gereksini mli -ocuj ¢
g¢é-lendir me elyé¢keneg ve stres dygz
yé ke, pozitifsajlejéne arterdefj
al gel anan strde¢kegrdegjeée belirlenn
kortizol diizeyine etkisi
Hemkirei kkmi giHemkirelik gi rikin
uygul anan kah kahkaha yogasénén
hemkirelerin d¢ezeyini, profesyo
profesyonel s bakéem bec enmmadalomlu etkiler
bakéeména etkissajladéejé belirlenn
Yoj un bakeéem Arakt er ma bul gul ar
uygul anan kah yogaseéneén yojun b
algel anan stread gél anan stres d¢ z
ve ment al iy czerinde belirgin
ol ukturmadeéej e, anc
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d¢zeyinde grup i
belirl enmiktir.

23.Kuzu,2022 Kahkaha yogaséArakt ér ma bul gul ar
kanserli hastalarda uyku kalitesy ogas é@énén hematol o]

ajre, anksiyeuyku kalitesini ar

fizyolojik parametrelere etkisi d ¢ zeyi ni azal tte]
parametrel eri o | uwaak
sistolik kan baseéer
czerinde belirgin
belirl enmiktir.

4. TARTI k MA

Bu -alékmada hemkireli k alanéenda kahkaha yog
kapsaménda dejerlendirilmixktir. ¢al ekmal ar é
yeéeréetel mgk ol masé, kahkaha yogas &intemlerleh e mki r
incelendijini g°stermektedir. Uluslararaseée |
randomi ze kontroll ¢ - al é@®reasndtoaetat 2018;blan étal, potd7u j u g
Bu bul gu, tezlerde tlkeullean&liaan ladaraekwtag@rema iy €
gostermektedir¢ al é k mal ar én %73, 96unun y¢ ¢ksek | isans
hemkirelik disiplininde giderek il gi g°ren a
alanée ol dujunuAtdagke¢nHlef mekkeedi tesi ve Kn°ng
ev sahipliji yapmasé, kahkaha yogasé konusun
ortaya koymaktadeér. Tezlerin ajeéerl ekl é ol ar
yontani n hemkirel ik bakém felsefesi ymeklemuyuml u
grupl arénén %39, 16i ni kroni k hastalejée ol an
kroni k hastal ék y°net i mi ve psi kosoesdral des
Kncelenen tezlerin b¢gyéek -ojunluju, kahkaha
duygu durumlaréné azalttejeéene; uyku kalitesi
czerinde ol umlu et ki Busonuclatairtae t 2 émée rya@moralea
benzerlik gostermekted{Han et al., 2017; Zhaoetal.,201d ununl a bi rl i kt e baze
°©z yeterlilik, i K motivasyonu veya belirl:i 1
anl aml & mamé&k tsarp.t adlincak genel ejilim, kahkah
psi kososyal uyumu destekl eyen bir t amaml ay €
pratijinde kahkaha yogaséneén kull anémé, bal
takénaktyazdeal | i kl e yojun bakeém, onkol oj i, psSi
bu y°ntemin hemkirelik giri«ki mi ol arak wuygu
y°neti mi a-éséndan fayda sajlayabil iaha Ayr é
yogasénén yer almaseée, ©°jJrencilerin klinik st

SONUC¢
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Bu -al eékmada hemkirelik al anéenda kahkaha vy
i ncel enmesi sonucundagr uyplnatreemm dna fuayrgkul | éa n°arbni el k
bakéménda kull anél abilecek tamamlayécé bir |
yogasénén °zellikle psikososyal uyumu dest ek
potansiyeline eramhe lpt eod idru.] uThaiz Ige€rsitn ° neml i b i
olan bireyler, kadén sajl éjé gruplare, hemki
y°ntemin farklé pop¢lasyonl arda kull anél abi l
uygulanabi Il i r ve maliyet gerektirmeyen bir y°nt
edilebilirlijini artérmaktadér. Sonu- ol a
gereksinimlerini destekl emeye y°neli k. hemki
Gel ecekte yapélacak -al ékmalareén farkleée ©°rr
etkililijine ilikkin kanéetlarén g¢-lendiril m

Sénerl él ekl ar
¢tal eékxma bel rl enen anaht ar k el medé@&mr. ve Y¥K
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VETERKNER HEKKMLKKTE YAPAY ZEKAONI N KUL

Doc.Dr.Ks ma i | kah HAREM

Harran | niversitesi Veteriner Fak¢ltesi |
harem@harran.edutORCID ID: 0000000259474118

OZET

Veteriner hekimlijinde yapay zekO®, tané, h a
destekl emek i-in her ge-en g¢n daha fazl a Kk
veteriner m¢gfredaténa nasél entegre edildifjJi
klinik uygul amal ar a nas el h az é mie,ablistolji, | ec e]
embriyoloji, epidemiyoloji, parazitoloji, gé
zeka ara-I|larénén naseél ve ne ama-l|la kull ane
°nyargé ve yapay zeka°ymend« érzZoridajkd mlrel ekd a
Gel ecekte veteriner hekimlerin yapay zekayeée
kull anmak i-in gerekl: beceril eri gel i Kt i r me
sajleje alanlhr@gfacatitmnéyve hkatralre dest ek s
veterinerl ik uygul amaséneé hezla geliktiriyo
teknol oji si gi bi di siplinlerde, yapay zeka,
-al ékmalrams ave alndwayéxkl aréné ve prati k muhake
bildirimler sajlayarak gel eneksel pedagoj ik
Bu -al ékma, yapay zekanén y¢iksek©jJretiimde Kk
i ncel emek, veterinerl ik me¢fredat @énén temel

parazitol oji ve géda bilimi) yapay zekaneén
ejitiminde yapay zekanén sor umlik petlagoiik vk e ki | d
dé¢zenl eyi ci hususl ar é el e al an bir -er - eve
yée¢ksek®ojreti mi heézla yeniden kekillendirmeye
zamanda °Jretme ve °Jrenmeyivey®enliene&i defi ke m
genelindeki chiversiteler, ©°Jretim kalitesin
ve idari s¢re-1leri kol ayl aktérmak i-in yapa)
klinik ve teknolojik bilgininvetemer I i k ejJ i ti mi nde, bu gel i kmel
konumda goruntyor. Bu amagla; OpenAl, Google Gemini, Claude, Copilot, DeepSeek ve Meta

gi bi yapay zeka programlaré ve uzmanl|l akmécxk
ChatGPT, Microsoft 365 Copiot , EjJ i tim i-in Claude, LI ama 4
Al programlareé arakteéerél dé.

Sonu - ol ar ak, yapay zeka veteriner ej i timin
olurken, insan merkezli bir yakhaxkeéeem@i Sigmid, r
akel yér et me, eti k kar ar verme ve hayvan r
g¢é¢-lendirmelidir. Yapay zekayeée, mesl| eki yar
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yardémce teknol oji ol arak umakevel emekri RE€T T
ol an g¢veni s¢rdegrmek a-éséndan kritik °nem
Anahtar Kelimeler: Vet eri ner |l i k, yapay zeka, ejitim,

1. GKRKK

Yapay zek®©, veteriner hekimlijinde tané koym
desteklemela macéyl a her ge-en g¢n daha yaygén bir
yapay zek© teknolojilerinin veterinerl ik e
entegrasyonun °Jrencil eri gel ecekt eki K1 in
incelem& t edi r . Ar akt ér mada; geré¢nt ¢l eme, epi dem
géeda g¢venliji ve hayvan sajl éjé gibi alanla
bir kekil de el e al é@&nmakt a; bjué tkeaktnkod logri lielra n
potansiyel sénérl el ekl ar dejerlendiril mekte
sorunl ar, algoritmik °nyargélar ve yapay zek
yat érmaktader . Yapiay zeh® deknol oj uher arter
et kinlifji gé-lendirme ve kKl inik kar ar ver m
veterinerlik wuygul amal aréené heézle bir Kekil
arakter ma y apéaryénzeket earael br k ejitimine e
uygul amal arda g¢venli ve sorumlu kullanem i -
Ayr éca, i ncel eme kapsaménda ele al énan etik
gé¢veni lhiarylviajni rved ahé ¢gzerindeki dojrudan et ki
-al ekmada yapay zek© teknolojilerinin g¢venl
i K birlijini artéerma ve teknol ojlada uprani | i k|
i -erisinde geliktirilmesine katké sunabil ece
Yapay zek©, genellikle insan biliksel s¢re-|
-%zme ve dil anl ama gi bi g°revl er ilojaask - ekl el
dikkat cekmektedir(Russell ve Norvig, 2021 Bu t eknol oj i, derin °Jrel
ve robotik gibi farkleée hesaplama y°ntemlerin
et mesi ne, o rent ol eri t ally@ml asmag d éaryaa bv € mge hhe
(Saxena ve ark., 2023; Shrivastava ve ark., 20B4.h s i ge-en yetenekl er
cretim, ulakéem ve ejlence gibi pek -0k sekt?©

deji kKi mden en kielzd & etek ielne deenr i cdhi(Saepdve ark.,er den
2023; Shrivastava ve ark., 2024; Rashid ve Kausik, 2@24)n ¢ m¢ zde yapay zeKk:¢

genell i kle Chat GPT gi bi pop¢l er uygul amal ar |
sistemler, uma n| ék gerektirmeyen kull anéceéel ar ar e
gorulmektedir(Schlagwein ve Willcocks, 2023; Bansal ve ark., 2024ptken yapay zeka

ekosi st emi, bunun ©°tesinde olduk-a geni k ve
OpenAl, Gm g | e, Ant hropi c, Mi crosoft, DeepSeek v
taraféndan geliktirilen pek -o0ok model bul un
entegre °zellikleriyle ©°ne -ékarken, ej i tim
°neml i bir pot gChs,i2024 Borakve Mondak 20a5¢ Kapuscinski, 2025).
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Gegnegmegzdeki gel i kmel er , meti n, ger¢nt ¢, ses
-er-evede i1 kleyebilen -o0ok modliu wuwrpgawl azneakk&
Veterinerl ik ejiti mi bajl aménda ele aléndej
| aboratuvar verilerinin ve hayvan davraneéekxl &
son derece dejerli bir éd@omesiverarka2025p € d lalr aké M,
°Jrencilerin °Jrenme s¢re-»1lerini zenginl ekt
karmakék yapéséeyla daha yakéndan tanéxteran
tanéyor Yapay me kOmtéeangrygkyserk? jired iki ki sel |l e
akeéelle °Jretim sistemleri, otomatik dejerl en
akel yéréetme destefji ve akademi k s¢re-1lerin
onemli b i r geni kK| e nfderingCampos, r2e26)Bwi rbaj | amda yapay
veterinerlik m¢fredaténén anatomi, pat ol oj i
teknol oj i si gi bi temel di siplinlerinde sundu
ger-ek zamanl e ger. bildirimlerle °Jrencile
beceril erini gel i ktirme feérsaté sunmaktadeéer.
ejitim yakl akéemlar @éné t ama nalkalyéa rvaek kdaaphsaa nelték ib
ortaméenén ol ukturul maséna °neml. °]l - ¢de kat k
akademi k d¢gr¢gstl ¢k ve °Jrencilerin baj émseéez
unsurl aré kapsamaktzaedke@n. @ nBuk | n end &n | kea, r ay a pvaeyr n
uzmanl €] énén yerini al masé yerine, onu dest
titizlikle d@ovarir202Zndi ri |l melidir

Bununla birlikte, h awwawnl asmag |l a&&r] én av e® zvgeédt ed ¢ znee
kurumlarén y°netmek zorunda ol duju ek bir ka
amacé, yapay zekO©nén veterinerlik ejitiminde
yakl akémlarée wyeguyeaemial greéi begn ¢ncgl bir Keki
gel ecekt eki klinik wuygulamal ara ol aseée etki/l
°czelli kle veterinerlik ejitiminin, gel ecejir
el exktir eil bvier exktekkiill de kul | anma becerisiyle

odakl anmaktadér .

Bu bajl amda:

1. Kikisellexktirilmik ve ©°9zerk ©°Jrenme yak!|
cnhiversite seviyesindeki pedadimgk,i k s¢re-1 er
2 . Veterinerlik ejitiminin hayvan sajl éjeée,
alanl arénda -ajdak yapay zeka modell erinin -
3. Yapay zekaneéen veter i neentegrkedimesiigingatekltom a s o
et i k, pedagojik ve d¢gzenleyici kriterl eri d

hedeflerindendir.
DENEYSEL ¢ALI kMALAR

Bu - al ékma, l'iterat¢rdeki mevcut biicindei | er i
dejerl endirmeyi hedefl eyen kapsam belirl eme
(Grant ve Boot h, 2009) . Bu ama- dojrultusund
analiz etmeye uygun, esnek ve.yAraml aymacéck ap
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Scopus, Web of Science, ERI C, PubMed ve Goo

kull anél arak genik -aplé bir Iiteratg¢r tarar
ejitim wuygul amal ar éndlaikk megl¢enrciel oretjaiylai mdk ey ma \
-al ek ma, °czelli kle 2019 ile 2026 yeéellare a
Literategr taramaseénda kull anél an ar ama teri
AChat GPTO, Abe¢y ¢k di°lj r mocthe b | erfiivoe,t eidbhenbimk
mesl| ekl er ejitimio, Ay¢kseko]reti mo, Asi mgl

farkl e kombinasyonl aréna dayandér él méxkter.

Hakeml i der gi makal el eri, der | eme Jdailerié k mal ar
yapay zek© ara-I|laréeneéen, pl atformlaréenén vey
kull anémeéné el e al mal ar é Ve °czellikle vet
odakl anmal aré durumunda - al &k madial em hti d m elda
veri k¢mesinin d¢zenl enmesi, kaynakl arén yo©
edi | mesi amacéyla Mendel ey referans y°%°neti:
aktareéel mektér. ¢al ékmal ar tamimstin digeginde kygublukr Kk e k
a-ésendan dejerlendirilmik ve ardéndan temel
boyutlar ile gelecekteki arakteéerma y°nelimle
analiz ¢eéditlemiaktae,arvaetteerrinmmer | i k ejitimine il
alan ©°zelindeki bakék a-élarénén entegrasyon
net bir kavramsal kapsam tanémlandeéeé:

1- Yapay zekanén y¢gksek©]ret i nddkeetkikeink i sel | ekt
dejerl endir mek.

2- Veterinerli k m¢gfredatéenén temel al anl ar é
geda bilimi gibi konularda yapay zekanén
sentezlemek.

3Veterinerl i k ejiti mi nbder ykaepka yl dzee kkaunl & na nseonréu ni
d¢zenl eyi ci boyutl aré kapsayan kapsamlé bir
Bil i msel l'iterate¢r veri tabanl arée ve °zel k
dayanmayan, ancak kapyagmlanmék; a2aélbl igielrea a2
araseéenda yayéml anan -al ekxmal ar a odakl aneél mé
geliktiricileri taraféendan ¢retilen kaynakl
incelemeler, konferans bildirileri, taki k raporl ar Ve politika b
incelenmiktir. Ayné zamanda veterinerlik ve
y°nergel er de dejerlendirme kapsaména al énnm
protokollerine dayanmaenk ol sa da, yapay zek© modell erin
sénéerl el eklaré ve pedagojik etkileri a-éeseéend
veril mi ktir.

Elde edilen Dbilgiler daha sonra bhawmbkéodat ema
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0) Yapay zeka benimsenmesiyle ilikkili ejiti
°Jretim, dejerlendirme ve °Jrenme analitif]i
(i) i retken ve -0k modlu yapay -bkGaedi@aki tekno
Claude 4, Copilot, DeepSeek NAL ve Llama 4);

@) Veterinerlik ejitiminde disipline °zg¢ uy
(ivy Etik, d¢gzenleyici ve mesl eki hususl ar yer

Literatg¢ren farkl & boyutlaréenée bir araya get
dair daha geniakseévebidi samllayndkerolaukt ur ma he

ger-eklexktirilmiktir. Bu sentez, tekrar eder
sénérl el eklaré analiz ederken, teknolojik g
gerekli mes | e ki yeterlilikler araséendaki uyumu d:
met odol oji k yakl akeéem, Il ncel emenin mevcut it
derinlijini yansétmaséné sajlamék ve yapay :
destekl eyen bir ar a- ol arak kull anéména il

sunmuktur .
SONU¢LAR VE DEJERLENDKRME

Yéksek®]Jretimde Yapay Zeka:

Yapay zek©, y¢ksek©®jreti mi hezla yeniden Kek
zamanda °jJretme ve °Trenmey.i y°nl endiren t
deji ki klikler yaratmaktader. D¢nya genel i nde
°JTrenme deneyimlerini bireysellexktekr memcegl ia
yapay zek© teknolojilerinin kullanéméné gide
anketl er, ejitim kurumlaréenén b¢gyéek bir bol ¢
kull andéjéné ve bunun dijrtaml akmne, doepruy e
d°n¢kKkegmeg yanséttéejene ortaya koymaktadeéer (EI
ara- olarak kal mayép ayné zamanda m¢ifredat
yontemleri Uzerinde etkili bir pedagojika ak ol arak g°r ¢l mektedir.

araséndaki etkilexkimlere dair genik kapsaml ¢
m¢fredat geliktirme ve dijer akademi k sg¢gre-|
bu teknolojinin yilk e k°J r et i me ne der ece derin bir K
koymaktadér (Bent ve ark., 2025). ¥te yandal
geni kK °1 -ekl nicel verilerin h©l © séeénérl é o
Yapay zekOnéinl g@reidradgeon i ki reit,k °Jrenme s¢re-1er
Veterinerlik ejitiminde bu potansiyel, °czel
geliktiril mesine odakl anan, zamanénda ger i
dej er | &ncidriirl.me Anc ak b u etkilerin, b¢yeék

unutul mamal édeéer . Yapay zek© yalnézca °Jre
yéksekojretim kuruml ar éenda i dar i i kKl evl eri
gel i ktiril mesi mndbenadhaekteaderd i Akeél lréol asi st anl
i Kl emleri, ders kayétl ar e, programlama ve °]
°Jretim el emanl|l ar énén operasyonel yékeéng r
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etkileki mlery mjeunmladnkemaséna I mk©n tanér ( Ahma
yapay zekO©Oya aker e bajeml el ej é °nl emek ade
destekl eyen pedagoji k yakl akémlaréen tekvi ki
retm&k yerine sentezlemeye odakl anan yaratéceé

kavram haritalama ve aktareéelabilir yetkinlik
°n plana -ékmaktadeéer. Ayr éca ©°jJ rietnclidjeir,i ngae
géevenliji ve hayvan sajléejée gibi alanlarda vy
hastal ék y°%°neti mi ve halk sajléejé m¢gdahal el
katkeéelar sunabil mektedir.

Yapay Zeka Modellerine Gené B ak € K :

OpenAl (GPT-4, GPT-40): OpenAl , cretken yapay zeka al a
gorulmekte olup, 6zellikle GREFve GPT4 0o model |l eri ejitim ve uygu
konukul anl ardan biridir. Bu model lografilerind o] al
i Kl enmesi , | aboratuvar sonu-1|larénén anali z ¢
veteriner bilimlerine y°nelik alana ©°zg¢ a
kull aneél abil i r(Choi2028.1 i k t akéeémaktader

Google (Gemni 2.5): Googl e'" én Gemi ni 2.5 model i, °©zel
i Kl enmesi il e tébbi ve bilimsel gerént el erion
modl u bir mo d e | ol arak ©°ne -ékéyor. Model i
and i zinin yané séra yapeéelandéreéel mek bil gi s e
takéyabilecek g°r¢nte¢g yorumlama becerileri d
Antropik (Claude 4): Cl aude 4, l'iterat¢rde gevenli]oe,
yeé¢rée¢tmeyenevdrediar a°%kterize edi |l ir; bu ©°zell
bajl amlarénda °neml . kabul edilir.

Microsoft (Copilot ve Copilot Chat): Microsoft, Uretken yapay zeka yeteneklerini Office 365

ekosistemine entegre ederek Word, PowerPoint, Team®©uwee Not e gi bi pl at
hali hazéeérda kull anan ejitim kurumlaréna pr a
akademi k belgelerin otomatik ©°zetl enmesi, €

Odevlerinin analiz edilmesi ve ders planlama siureg@erind e st ek sajl ama gi bi
-ékmaktadér (Microsoft Education Team, 2025)

DeepSeek (V3, R1)Deep Seek, mevcut ticar.i model | ere [
°czelli kle hesaplama verimlilif5Ji i | edkkag K ¢ r ¢ |
-ekmiktir (Xu, 2025) . DeepSeek V3, tekni k a
DeepSeek R1 ise gelikmik akél y¢gregtme beceri
Meta (Llama 4): L | ama 4, geni K metinsel i -eri klerin
bly ¢ kK ver.i k¢mel eri ve uzun diyaloglar gi bi

-aléekabiliyor. A-ék kaynakl e bir model ol ar a
i htiya-laréna ya da klinik &laamliasrtaee my emel igk
i mkané sunuyor (Meta AI, 2025) .
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Uzmanl akmék Pl atformlar :

Google NotebookLM:Not eb oo k L M, ejitim alanénda en yen
-ékeyor ve Gemini'nin -ok modlu mi makliesvi say
geré¢yor (Paul vV e Dhami, 2025; Rei sser, 202
czetl enmesi, epidemiyol oji protokollerinin b
karkeéel akt éréel masé ve °jJrencirlehkeerdleird esnanfilka o
-eki tli i Kkl evlierde kullanélabiliyor.

Chat GPT ¢al éR™ma5 Mpduénda tanétélan Chat GPT

tanémlanéeyor (OpenAl, 2025) . Dojrudan cevapl
sorarak, exankéemdgeek ve ¢(stbiliksel becerile
Mi crosoft 365 Copil ot 3¢meétair &: kur umsal daj e
geliktirilen ©°zellextirilebilir a pbaratlivarr bar
asistanée ya da dejerlendirme uzmaneé gi bi bel
veri ml: hal e getirebilir. ¥jJrenme materyalle
hedefe y°nelik geri bi lkdiirfi m od ajolyanmay ag iatkki eg
katkée sunar (Microsoft Education Team, 2025)
Efjitim i-Amt hCrlapidee':i n Claude' un ejitim versi
yansétéce d¢kegnmeyi ve kavr amsal ak®sn.yeor ¢t
Claude for Education, 2025). Claude, dojruda
tasarl anmék sorgulayécé sorularla sék séek ce

Meta Yapay Zeka (Llama 4 Scout ve Maverick):Llama 4 paketi, metin, goruntu ve

videol ar@dei xeenmésiiji artéran ejitil mik mo
Perplexity Al. Per pl exity, derin araktérma °zellikler
birlexktiren, konukma tabanl é bir akademi k

(Perplexity A, 2025).

Veterinerlik M¢gfredaténda Yapay Zekanén Uygu
Yapay zek©, veterinerlik ejitim m¢gfredaténén
|l iterat¢rde giderek daha fazla yer bwkmakt ad
muhakeme, halk sajléejée, patoloji, parazitolo
baréeéndéran yapésé g%z °n¢gne al éndéjéenda, y a|
mes| eki uygul amal ara dahakpak@réke gek- ok | @ ¢
odakl e °Jrenme etkinliklerini destekl emek i -

Veteriner Hal k Saj lHajyéyv ame sthg y veg re ; S ahjalsé jad :é k |
epidemiyoloji, @g°gebi mkepruhat & sBajhéjal an ve
bir alaneder. Yapay zekanén bu alana entegr
temel | i °Jrenme ve akeéellée °Jretim yakl akéml a
hem de pratkgt enekl erin geliktiril mesine ol anak t
daha fazla tartekélan bir potansiyel ol ar ak
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Bul akéce Hastal éklvyapawezelkan@ ét aDoeasrtled it ané d

duyarl el éj e, exadckdlelrgdk guei k &kraaszrr aml ar én a- ekl

°neril mektedir. Bu sistemlerin veterinerl:
al goritmal arén ¢rettiiji sonu-1|lareén klasik e
-elikferienddemel erine olanak tanéyarak tane

Koruyucu Hekimlik veKdrnskucSwe nedtl emidreermalse@k i r

ri skl eri model |l emel eri ne, sonu-I1larée imhahmin
dejerl endirmelerine olanak tanéyan yapay zek
alan ol arak belirlenmicktir.

Anatomi ve TéebBnaG®dmignt yeemei ner heki mlerin
°neme sahiptir wagr gmapelsal bidi kkkl kdenanl ake
yorumlama yetenejini gerektirir. Yapay zeka
hem t emel ej i ti mi hem de daha gelikmik tané
tartékel maktadeér

Goruntd Yorumlama ve Tahmin Modellemesi: Radyografik, BT ve MR goéruntulerinin
otomati k yorumlanmasénda yaygén ol arak wuygul

Et kil exki ml: ve S¢reéekiYaypiaygi zAkat odneiskt eEJ i t isna
ger -ekl i k ortamloami &, noidrnednmiek i 3B i aca&til enmesi n
ol ar ak tanémlanméxkt ér . Bu pl atformlar, °7
bul unmaséné, mekansal Pl kki |l eri g°rsell ekt

benzer deneyimler simiket me si ni m ¢ m k(Boral vé& Mohdal a2025;aNd eerark.,
2024).

Geda Bil i mi, Géda Teknodédjai shi vieni Gedda kGgbe
teknolojileri, hijyen, d¢zenl emel er ve halk
teme | unsurl aréndan biridir. Yapay zekaneén, e
ve mikrobiyolojik dejerlendirme deste]ji gi b
durul muktur. Ayreca, Yyapay zeké@npeenkiteratg¢gnm
elextirel d¢k¢egnme yeteneklerini geliktirme Kk

Géeda Kkl eme ve Kal i te Kendtar otlecknndoel oYy apay v 28c
ejitiminde, yapay zeka s¢yreak optnaniizmisyoan ar
kalite dejerlendirme faaliyetlerini destekle

Yapay Zekanén Entegrasyonuna Klikkin Etik, P

Yapay zekO©nén ejitim sistemlerbinrel igktde,r ekt idla

akademi k d¢gregstl ¢k ve mesl eki sorumlul uk, V €
bakl ekl aré haline gelmiktir (Nguyen ve ark.,
°neml i pedagoji k férganl|l asarpbreaonsaandajr dumee nk
gel i kimi ve etik standartl aré olumsuz etkil e
°t¢re¢ dikkatle ele alénmasé gerekti]i belir

yapay zekO©Onubpenaf é@efdaeaml sodirmel ere ve tané ©°
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kl'inik d¢kegnce geli ktirme s¢gre-I1lerini balt al
Kl'ini k uygul amal arda ise, yapay zek© sisteml
sénérl e ejitim verisi nedeniyle yetersiz kal
s¢recinde dikkatsizIlik ve uyanékl ék kaybeéna
( GDPR) , yapay zek© tabanl e e fjda tminimizagydn,at f or r
bilgilendirilmik onam ve algoritmik «keffaf]l
(Poireaul t, 2025) . Ayr éca, Avrupa KI a- Aj an
taraféendan yayénl anan Kk éflilhnzmetldriaeredtegrasyonungaa y z €
yé¢ksek etik ve operasyonel standartl arén kor
Agency, 2025; New Zeal and Veterinary Associ a
°ncel i kli prensilpllerkamrarsénermamae ngahkl|l aakdaménén
keffafl é&]jénén sajlanmaseée, teknolojilere exit
performansénén s¢rekl ol arak izl enmesi gi bi

Reagan vera., 2025).
GENEL DEjERLENDKRME VE SONUC¢LAR

Yapay zek©, veterinerlik ejitimine hézla y°r
d°n¢k¢egm aracé haline gelmiktir. Anatomi, par
bircok disiplinde A | kKi kisellexktirilmick ejitim s¢re-
gel i ktirme, dejerlendirme s¢re-lerini otomat
yenil i k- yakl akémlara i mk©n tanémaktader.

yalnézca destekl eyici bir ara- ol maktan - ok,
gel i kKi mi ne g¢-1 ¢ kat kel ar sajl ayan et kin

g°stermektedir. Yapay zek©neéen en dUrectedni | ey i c
kull anécénén ihtiya-|laréna g°re °zellextireb
gere¢nt ¢l eme gibi alanlarda °jJjrenim s¢gre-1eri
b¢yéek katkeé sajl amakteadhéirj.y eAy raélcaan, € ngléad ag eb ii Ik
dest ekl i sanal | aboratuvarl ar ve tahmine day
bil giyi uygul amayl a harmanl ama becerisini é
°Jrenciler, mk&roepl gaénedavmnaaleame, s¢gre- opt
géda ge¢venliji y°netim stratejileri gel i ktir
yakl akmakt a, ancak bu s¢re-te dojrudan ri sk
teknolojiky eni | i k1l er |, °Jrencilerin yalnézca tekni
zamanda ge¢venli k bilincini arteéermal aréneée ve
Bu araktérmada aseél 4 azallkletretkanpvegyk zkeakt @natnel kén o-1°az
T konusundaki son gelikmel eri i ncel emek ve L
gereksinimlerine odaklanmakteéer. Bununla birl
uygul anmasé s¢recinde kar etigmekadnéar aznetmekeedirl u k | a
Gelecekte -°2z¢m odakl é yaklakél masé gereker
¥nceli kle, veterinerlik ejitiminde yapay zek
ampirik araktérmayadahel ga- edalrdeek Bar klapsi
tané dojrul uj u, prati k becer.i gel i ktirme ve
et kil eri dejerlendirilmelidir. Bunun yaneé seé
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yeresahipoe da ejitimin merkezinde klinik akeéel y
hedefl eyen insan uzmanl éjénén tutul masé ger
alan dejil, aksine onu destekl eyenleriBu t ekno
anl ayek, hem klinik sorumluluklaréen Kkor unma
s¢rdegreglebilirl i Jini temin etmek i -in hayat:.
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OZET

Son yéllarda veteriner hekimli kte bajér s:
Si st emi ve genel fizyolojik denge ¢zerindeki
cretim sistemlerinde, bajéersak gnmm&kgrodll ebialsiér
a-éséndan belirleyici b i Gundmaizde Rayvansal Umetinedé k a b
antibiyotiklerin yaygén kull anéeme, bakta Ant
sorunl aréna yol a-maktaéae. hBm der umsahemaha
°neml i bir problem haline gelmiktir. Anti bi
veteriner hekimlikte alternatif yakl akéml ar
probiyotikler ve prebiyotiklergelmektedirPr obi yot i kl er , yeterl. mi k
sajl eje iczerinde ol uml u et kil er ol uktur an
sindirilemeyen ancak bajérsak mikroorgani zma
yonde etkileyenb i | exki kl er di r . Bu i ki grup, baj ér sak
fizyolojik s¢gre-1eri dej il , ayneé zamanda dol
dol ayl e ol ar ak etkil emektedir. Veteriner
probiyotk | er i n baj éersak hi stol oj i si czerindeki
probiyotik uygul amal arénén villus y¢kseklI ]
g°stermektedir. Bu dur um, bajérsak lm¢gzey
kapasitesinin artmaséna kat ké sajlamaktadeér
bajl ant él ar é gé-lendirerek pat oj en mi kr oor
°nemlidir. Probiyotiklerin bir di jlemfoid® ne ml i
dokul arda, ©°zellikle bajérsakla ilikkili | en
i mMmmun yaneéteén gé¢-lendiJi rapor edi |l mi ktir.
-o0j al maséneé tekvik eder ek miflek rHostolojily olarak k o mp
prebiyotik wuygul amal ar e, gobl et h¢cre sayés
Pl kki Lidior. Bu dur um, baj ér sak mukozaseéneérl
artmaséna katké sajl arkulAnatniébméy,otdikdemdi ngaealz
sorunl aré gi bi °neml probl emlere yol a- mak
antibiyotiklere alternatif olarak giderek daha fazla tercih edilmektedir. Histolojik dizeyde
sajl adekl ar é ignllexime | sade bar perd fexr mans art
koruyucu ajanlar ol dujunu g°stermektedir. P
°zelli kle bajérsak dokusu ¢zerinde belirgin

aj anl ar deéanda inknim g@stera &zerinde de destekleyici etkiler gdstermektedir.
Gel ecekte yapeéel acak akademik araktermal ar I
sunacakter.
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Anahtar Kelimeler: Pr obi yot i k, Prebiyotik, Veteriner H
1. GKRKKk

Probiyotik teri mi Latince Aproo ve fAbioso
takémaktader . Probiyotikler kexkfinden itibar
farkl é kekil de tanéemlanmékl!| aradéarar aKlekndalnarsak
bir dijer protozoanén gel i kKimini tekvi k eden
yapélan arakteéermalar ve belirlenen yeni kul I
da kantitatif olraa sa&n éb ag tekislaky emi kveyd oi mmu
deji kKtirerek yarar |l é etkilerini teti kl eyen,

mi kroorganizma preparatlaréo olarak tanémlan

Probiyotikleal aamaéebdakys,zy&l en sonl arénda N

Met chni kof f taraféndan yapeél méxkteér . Met chni
fermente s¢tler ¢zerinde araktérmal ar yapmécxk
var|l eéjJ éené tespit etmi kKtir. Arakt éreceée ayrec
-al ékmal ar yapmék ve fermente sgt crénl erion
toksi k maddelerin etkilerini °nl ede Yréese,hi pot
2001).

Prebiyotik teri mi Akol on bakterilerinden bi
aktivitesini etkileyerek yararl é bir et ki
tanémlanméxkt ér . Prebiyoti kilper ,i nsiamd ivrei | hheeyyvea
olumlu y°nde etkileyen kolon bakterilerinin
bir deyi kKl e gastrointestinal mi krofl or a k o

dej i ki kl ikl er yapatbteidlidnrns é-iil ceik idllarradk rf & rGnebrs
Jahanpour ve ark., 2015).

1. PROBKYOTKKLER

Probiyotik, vyeterl:i mi ktarda al éndéj énda
etkileri olan canl e mikroor gangitz ngarl¢anrldeérri ,( ktet
sucuk, ek mek, bira, Kar ap, kemez ve kefir p

2002). Géda maddesiyle al énan probiyotikl er:i
maddesinin en az 106 koloni/g ve dahafaalyse da canl &€ probiyoti k bal

ve i -inde bulundukl arée gédanén ¢reti mi ve r
bildiriimektedir (Samona ve Robinson, 1994). Probiyotikler esas olarak laktik asit

bakterileridirkulYognuéltany anpiéknréonodrag ani zmal ar (
Streptococcus thermophilus) dekéenda t¢m | akt
Probiyotik olarak en séekleéekla kullanélan mik
spp Streptococcus spp, Enterococcus spp, Leuconostoc spp, Pediococcus spp, Bifidobacterium
spp.) ve Saccharomyces boulardiiédir. S. boul
yetiken tropi kal bir meyvenin Reitveprki,2@Zn i zo
Ge¢gl tekin, 2004) . Gastrointestinal sistembin
d°nemde deji ki klije ujrayarak normal fl orasé

anne s¢t¢ al éeména baphphétahanakoBuhddolbaktanke

130



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

1011/ g gaita) bol mi kt ar da bul unmakt a ol urg
et mektedirler. (Vanderhoof ve Rosemary, 2002

Probiyoti k mikroorgani zmal areednenil atlsler;daktezaj | €]
i ntol erans ve kabézl ek semptomlarénén hafi

e
tedavi si, I mmun sistemin uyarél mase, antit ¢
(Sal minen ve ark., 19%98; Kéenék ve G¢grsoy, 200

1. 1. Probiyotik Mikroorganizmal arén EtKki Me k

1. 1. 1. Pat oj en B a k tPebiyotikler,rpatojen 8i&rgoggangzmatar Az a |
Uzerine direkt antagonistik etki yaparak, patojen bakterilerin Gremesini engelleyen
antimikrobiyal peptid (nkrosin, inhibitdr bakteriyosin) Uretirler.

1. 1. 2. Bar s ak Prohiyotigler,ipatgenlerim jreamesmea ve invazyonuna

bir-ok yolla engel ol url ar. Bu maddel er , mL
sayédaki yverlerl erliea ypyatodgkéml| draktpat ojenl er i
hacim avantajlaré ile patojenlerin girmesin

translokasyonunu onlerler.

1. 1. 3. Besi n EI| ernobiyatikldr, patojenledn Greak icRh g@drekdnient :

duydukl aré besin maddel eri ni t¢ecketer ek, Lrerm
1. 1. 4. Enzim Aktivitesi: Metabolizma Uzerine etki yaparlar. Barsak enzim aktivitesine etki
ederek | aktaz, mal t az, s¢kraz aktivitesini a
1. 1. 5. Toksin veToksin Reseptoérlerine Etkisi: Probiyotikler indol, amin, amonyak gibi
toksi k maddel erin bajérsaklardan emil i mini a
1. 1. 6 . Kmmun Si sPtreonb i |yodri ikd e r Etakiitli enri ik:r obi vy
i mmunogl obul in salagre@méamdmmkar ttmamsués, vkahhBaur s a
sitokinlerin ve i nterferonl ar én daha fazl a
uyar mak ve i mmunoglobulin ¢retimini artér mak
sistemleriniuyarata s aj | ékl are ¢zerine olumlu y°nde et
ya da yemlere karékteéereéelarak verilen probiy:
arterarak, bajéersak floraséenée dengeleyip dg¢
savunma sisteminde meydana getireceji zar al
korunmaséna katkeé sajlar (Ayasan ve ark., 20
Probiyotik mi kroorgani zmal ar én klinik kul |
-ojal maktadeéer . ¥zell i kle 1 ntestinal il ¥xtem
sajl ej e, crogenit al sistem hastal ékl ar e, I
hafifletil mesi, i mmun si st emiiparelaryp é&nleanhesna s € ,
kol esterol d¢gzeyinin rege¢lasyonu ile ilgild
hastal ékl aréendan antibiyotik kullanéména ba
spastik kolonrritabl barsak sendromu, ekrotizan enterokolit gibi inflamatuar barsak
hastal ekl arénda kull anémée ile il gild9@ pek - o0k
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1. 1. 7. Antibiyoti k KI iEknkfielkisi yioynd rae ldear ojr zd
antibiyotikler patojen mk oor gani zmal ar é& yékémladeéejé gibi

bul unan faydalé bakterileri de yékemlar. B i
Kekillenebil mektedir (G°n- ve Akal én, 1995).
probiyoi Kk veril mesinin hastaleéejé °nemli °I|-¢de
1. 1. 8. I nfl amatuvar Barsak Hastal ékl arénda

il seratif Kolit (UC), -KrCrhirtoanb IHaBajad reg aék, SSepnadsr
Pyl ori gibi hasbhlil gt aktdars&kl Ehal maktader .

1. 1. 9. Karacijer Hepksi kormhareémd opaki sive s
probiyotiklerin bajérsaklardan karacijere Kka
seviyesini ve bakteriyel Ureaz seviyesing, K ¢ r d ¢ ] ¢, pPpHOYé d¢kegrerek a
ve intestinal ge-irgenlifji azaltteéejeée bildiri

Probiyotiklerin bulunduju konak-eédaki dijer
vV e konak-éya yararl|l ab@el oédiulf mi kkteisri.n Aonlcaarka k
kull anél acak mikroorgani zmal arda bazé °zelli

-G¢gvenilir ol mal édeéer . Kull anél déjé insan ve [
-Stabil ol mal @&dér . Ol umsuzt ak onkeutl a baorldiazne eotlkmal |le
-Bajérsak h¢gcrelerine tutunabilmeli ve kol oni
-Patojeni k bakterilere antagonistik etki yapr

-Antimikrobiyal maddeler Gretmelidir.

-Antibiyotiklere diren-1:1 ol mal eder .

--retim ve depol amaveenkhsenwndaesanl ekejawabilr
-Patojeni k ol mamal & ve toksin ¢retmemelidir.
-Probiyotik ¢retiminde kullanélan suxkl ar akt

(Ezema, 2013).
2. PREBKYOTKKLER

Prebiyotikler, sindirilmeyen géda i-erik
y°nde etkileyen kolon bakterilerinin gelikme
1999) . Dijer bir deyi Kl e gastr oi maktwtesihde n a | m
yararl e dejikiklikler yapabilen se-ici ol ara
2008) . Prebiyotiklerin hayvanlaréen besl| enmes
d¢zeyini artérma, sitnndei,r iymrsairsltée mia kpt Horsi € rséa yyé
°zelli klerinden faydal anéel maktadeér . Dijer y
artterdejé, °zellikle jejunumda maltaz, amin
bildirilmektedir ( | i ve ar k., 1999, Tun- , 2007) . Yapé
prebiyotik preperateée ilave edil mesiyle canl
tespit edilmiktir (Kumprecht ve ark., 1997) .
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Cizelgel Gedal ar da Kk uptebiymtiklerl an bakl éca

Inulin Ksilo-oligosakkaritler
Laktuloz Palatinoz
Frukto-oligosakkaritler Pirodekstrinler
Galaktooligosakkaritler Laktosukroz
Laktosukroz Sorbitol

Gluko-oligosakkaritler | K z o maligosakkaritler

Raftilin Soyaoligosakkaritleri
Oligomat Gentiooligosakkaritler
Veteriner hi stolojik -aléxkmalarda ©prebiyotd.i

gzl emlenmi ktir:

Baj ér sak Epitel Organi zBEeyenasive DYe@mimli ¢ nn
proliferasyonunu arteérér. Kript b°lgesinde m
s¢resini optimize ederek diferansi yApikahyonu h
mi krovillus yojunlujunda art éxk, H¢e¢cre séneér |
Villus Morfolojisi: Baj ér s ak villusl aréenén boyunda (vi
derinlijindeAregmaé mdemgicmlgégme baskeéel anBar . Der
durum, besin emili mi i -in daha genik bir yg¢z
Epitel BWHteneleegar as e bajl ant é kompl eksl er i
Bajlant él ar)6da Otckludpnesgbaudunavet 10er . F
azal éer . Bunun sonucunda epitel b¢etenl ¢ ¢ kor

Lenfosit ve Plazma Hicreleri:l gA ¢reten plazma hg¢gcrelerinin

CD4+ ve CD8+ hiicre dengesz en |l eni r . Peyer Pl akl arénda |
Ger mi nal merkez (Centrum germinati vum) gel i
infiltrasyonu azal ér ve doku hasar é mini mal:]i

Knfl amasyon v eHis®lojik aakakRroinflamatuartSgokinlerden TNB, -61 L
ve °dem azal ér . E-mflamagular Sitokirdeedenél10 gargar vie Hokurdaha An t i
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stabil ve homeostatik g°r¢negmbékKapazéti fAhGgre
artarak prkdlnir.f erasyon ke

Oksidatif StrefSntvieolDokdamrastakie:sayesinde serl
peroksidasyonu azal er ve bunun sonucunda hy¢
kaybolur.

Bajérsak Dékée OrganlkKar arcdHg sdtod @otj o ki sEt &z dleer .
korunur . Sin¢gzoid organizasyonu d¢gzelir. BO |
yapé korunur. Rumende papilla uvuzunluju artar

Gobl et H¢ cM¢esi Bayséaslegél ayamngelhlyeséemdgar alr ¢ ik
patojenlere karké koruyucu bir mukus bariyer
sonucundat oj en adezyonu azal ér ve mekani k ve Kki

Genel olarak Probiyotik ve prebiyotiklerin dokularga Epi t el betenl ¢ é¢né Kk
yapéseéene gel i ktirerek, Mu k u s bariyerini g
Knfl amasyonu azaltarak ve sistemik organl ar e

Veteriner hekimlikte bu maddelerkkul | anémé sadece klinik bir
doku dizeyindeejeneratif (yenileyici) ve koruyudni r strateji ol arak dej
¢ci ftlik Hayvanl ar éB{Kamat perf Rumamaand : ar t é

histolojisini optimize ederek e mden yar arl anmayé maksi mi ze et

Pet Hayvanl aré K{(&eidk, ekKPeedapati veya ant i |
duruml arénda bajérsak mukozasénén onar émée Vv
edilir.

Su Urtinler: Bal ekl @aréak bapitel yapéséné g¢-lendir

sajl amak amacéyla incelenmektedir.

2. DENEYSEL ¢ALI KkMALAR
Veteriner histolojide prebiyotik ve probiyot
mikro mimarisi Uzerindekinlicresel ve doku dizeyindeki etkilerinin c el emeye odak

Dojrudan bir "histolojik teknik" olmaktan zi
sajleje ¢zerindeki etkinlifini kanéetl amak i -
Probiyotiklerin etkileriv et er i ner | aboratuvarl arénda Ku y°r
Lenfoid Dokul arBarjf e Kaalkl @a nmdsik:ki | i -Pegenf oi d

pl akl aré) dejikimler histolojik olarak takip

Knf |l amasy on u rHistdpatao|ikt keditlende snétfd infiltrasyonu ve ddem gibi
yangeésal belirtilerin azaldéjé tespit edileb

Hucre Proliferasyonu: Kr i pt |l er de ki h¢cre b°l ¢nme hézéenén
rejenerasyon kapasitesi ol¢ulur.

Deneysel -al ékmalarda hayvanlar gruplara ayr
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Birincigr upt aki yani kontrol grubuna Probiyotik i
al t enda&4°C NKkuAy  (

Kkinci grup fermente edil-mexédiojakrbkbaktit kmeas
nor malalktaend @24PC)Mtular) Bi zi m daha °nce yapt é€] é me
gruba probiyotik i-ermeyen i-me suyu-1ler i l i
saat 3B4LC sécakl ek stresi uygul anan) . DAB d¢nc
(Tazes e v €) i -eren i -me suyu veril di-12ysmat3écak s
34°C secakl ék stresi wuygulanan).

KI'k 1 ki haftadaCode BCrigyse de&eaaxikcled]jié 034ar ak d¢k
libitum yem ve su verildi. Surekli aydénl ek ortam saj° &imaeé. N Kk
kull anél ar ak, sécak stres gruplaréndaki Séca
l-¢nce¢ haftanén bakéndan itibaren séd°€k stre
ginde 812 saat) Ci vci vlier 42. géene¢g dol durdukl arénd
eri kmi k olan 10d6ar adet bel dercénén dekapit

m
d
é

yapélan hayvanlara ait¢t Bur sa F a b rhistolgjiuve , Ti mt
immunohistokimyasal incelemeler igin %10 notral formalinde 24 saat, tespit edildi ve parafinde

bl okl andé. ¢al ékmada ol Bauseartic hieaKke®si CED2,r iy dre
lenfositleri belirlemek icin Mouse anthicken CD4 sitotoksik T lenfositleri belirlemek igin
Mouseantic hi cken CD8 ve B lenfositlerdi belirl eme
B°yl ece hem humor al hem deBumgeaenr eysaen € nydaan éd o kc

hi stoloji k dejiakmakcleéiykllaerd erbiel Kk e d ietmlekr e ayr éc
(Denkveark.,1989 uygul andé.

3. SONU¢LAR VE DEJERLENDKRME

Probiyotiklerin akut bir hastal €] én t e
d¢kKenegl mese de k orhteyywcan | aredla v ibdbey ¢ meni n t e
antibiyotiklere alternatif ol ar ak kul |l anémi
kull anémlareée daha yaygén hale gelecek, farkl
al enabilecektir. bEPsbbmgdei blggrgitmehdykanRr ¢, o
kull anél abil mesi i -in, probiyotiklerin ¢reti
akamada pek - ok unsura dikkat edi |l melidir.
depol anmasé esnazaenhdéd ektanéngr koruyabil mel er
kat ké maddel eri ile birlikte kullanél ma ol an
pratije aktaréel masé gerekmektedir.

4. GENEL DEJERLENDKRME VE SONU¢LAR

Sonu- ol ar ak, Probiyotiklerin, Il nsan ve
gastrointestinal sistem hem de i mmun sistem
tedavisinde kullanéemé giderek art madonizedér . f
ol duj u, kull anéemlarénda bu nedenl e de d¢zen
Sajl ekl e bir yakam i - i-probiyatiddaregar veglrdetidir.Tiketim!l 1 k| e
al ekxkanl ékl aréeméez i -indeolyaemr yydjamr tprwé i kefti k
s ¢t creéenl eri il e doj al prebiyoti k kaynaje
konusunda halkén bilin-lendiril mesi gver ekl i d
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probiyotiklerin cCkélariekhlda Baj] éasn&k mehsaesn éan é |
olukturduju bilinmelidir.
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ABSTRACT

Reduction of crop yield loss and realization of sustainable agriculture objectives are essential
in plant cultivation. For this purpose, the diagnosis of plant diseases at an earhnstagth

high accuracy is of prime importance. However, the existing traditional approaches and
artificial intelligence models developed in laboratory environments have not been able to realize
the required level of success in practical agricultural fijeMsere complex backgrounds and
varying lighting conditions are involved. To bridge the existing gap in the existing literature,
this research work proposes a classification model based on deep learning techniques on the
TomatoVillage dataset, which wasltected from practical agricultural field conditions and
contains not only pathological diseases but also severe nutrient deficiencies. As part of the
research work, four different variations (BO, B1, B2, and B3) of the EfficientNet model, which

is recogtized for its high parameter efficiency and composite scaling property, were developed
using a transfer learning approach, and their performances were compared. The experimental
results revealed that all four models were able to realize an overall acsucaegs rate above
0.9400. Among the four models, EfficientN&B performed best with an accuracy of 0.9740

and an Fiscore of 0.9738.

Keywords: Deep learning, CNNEfficientNet, Classification, Tomotd/illage.

1. INTRODUCTION

Crop production is an important aspect in fulfilling the food requirements of théneveasing
global populationlmam et al., 2024)However, it faces challenges from different biotic and
abiotic componest(Al-Shamasneh & Ibrahim, 2024Crop diseases, in particular, result in
severe losses of crop yield and quality if not identified in time. This affects food security
(Cosma & Cosma, 2024)ldentification of crop diseases using conventional approaches is
typically dependent on human experti&iddiky et al., 2024) This approach is a time
consuming and expensive process. Its usability in large agricultadhibl@as is not feasible
(Poly et al., 2024)In this regard, the application of technology in agriculture has become an
imperative, and precision agriculture has emerged as a prominent area of interest.
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Recently, artificial intelligence and, in particular, deep learning sges have demonstrated
remarkable success in the area of computer vigoat al., 2024)It has become a norm in
finding solutions to problems in the agricultural domgaiddiky et al., 2024; Thorat et al.,
2024) Unlike traditional machine learning approaches, Convolutional Neural Networks
(CNN), which automatically extracteatures from images without the need for further
processing, have demonstrated notable results in the identification of plant diSemsesal.,

2024) CNN models analyze complex visual inputs and are capable of identifying minute details
and symptoms of diseases beyond human recognition with high ac¢Gaonl & Verma,
2024)

A review of the current literature reveals that GNased models are widely used in the
detection of plant diseases. For examf&l_.DIZ et al., 2024)used deep learning methods to
detect diseases on tomato leaves. In their study, they emphasized that automated diagnosis
increased efficiency. Anandh et @/ivek Anandh et al., 2024)Jemonstrated the effectiveness

of CNN models and transfer learning techniques in ruldss disease detection problems.
However, while the success of deep learning models is often associated with the depth of the
model and the number of parameters, #ig entails high computational costs. In another
study, Sivasankari et 45 et al., 2024achieved high accuracy rates by comparing models such

as VGG16 and Xception. However, running such heavy models on agricultural 0T devices
with hardware constrainis a challenging task. At this point, there is a need for architectures
that offer both high accuracy and computational efficiency.

One of the strongest candidates addressing this need is the EfficientNet architecture family. Sun
et al. (Sun et al.,, 2024)chieved high performance in tomato diseases by combining
EfficientNetv2 with Transformer structures in their work. Thanks toddmpound scaling
method, which increases depth, width, and resolution parameters in a balanced manner,
EfficientNet can deliver better results with fewer parameters than many previous models. There
are studies in the literatufgmam et al., 2024pn the hybrid use of lightweight architectures
such as MobileNet with SVM. A detailed analysis of the performaosé balance of the
versions within the EfientNet family (BGB3) on agricultural datasets is still a current
research topic.

In this study, tomato leaf images from the TorAdibage dataset were used to
comprehensively analyze the performance of four different variations of the EfficientNigt fami
(BO, B1, B2, B3) in disease detection. The main motivation of the study is not only to achieve
the highest accuracy but also to present the most efficient solution in terms of training time and
model complexity. The main contributions of this papehwliterature are as follows:

1 The performance of different EfficientNet families for detecting tomato plant diseases
is presented comparatively using accuracy, precision, recall, asdofd metrics.

1 Not only the accuracy rates of the models, but alsw training times and
computational costs were analyzed, and the most suitable model architecture for real
time applications was recommended.

1 The results obtained provide experimental data that will serve as a reference in the
development of deep learniigsed early warning systems.
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2. MATERIALS AND METHODS

2.1. Dataset
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The effective use of deep learning models in agricultural fields is directly dependent on how

well the training data represents readrld conditions. Unlike the datasets frequently used

the literature, which are created in controlled laboratory environments, this study uses the

ATom¥i lol ageo

dat aset

i ntr oduc &ehlotebal., t2028)
which consists of images obtained entirely from a natural field environmeniwoeal

it el

environment). Collected from the agricultural fields of Rajasthan, India (Jodhpur and Jaipur),
this daaset offers an optimal environment for validating the robustness of the model, as it
encompasses difficult visual environments like complex backgrounds, light variations, and

overlapping leaves.

The dataset employed in this research work comprises 8atliffelasses, including both fungal

and viral diseases prevalent in tomato plants, as well as micronutrient deficiencies that are less
common in other datasets. The sample images of the classes are depicted in Figure 1. The

dataset was split into 70% Tramg, 20% Validation, and 10% Test to maintain a balanced split

during the training and testing of the model. The number of images in each class and the

statistical distribution of the dataset are depicted in Table 1.

Table 1. Train, validation, test,and total number of images of TomateVillage dataset.

Class name Train Validation Test Total
Early Blight 347 99 50 496
Healthy 151 43 22 216
Late Blight 632 180 92 904
Leaf Miner 716 204 104 1.024
Magnesium Deficiency 654 187 95 936
NitrogenDeficiency 251 72 37 360
Pottassium Deficiency 50 14 8 72
Spotted Wilt Virus 361 103 53 517
Total 3.162 902 461 4.525

As can be seen from the table, the Leaf Miner and Magnesium Deficiency classes have a

prominent weight in the dataset, while B@assium Deficiency and Healthy classes have fewer

instances. This imbalance in the dataset has been incorporated into the research as a crucial
parameter that tests the model's capability to learn about the occurrence of rare events in
practical scenargé The images were resized to match the input resolution of the EfficientNet

models.
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Figure 1. Examples of leaf images belonging to the eight classes in the Tom¥dillage dataset.
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2.2. EfficientNet Architecture

The most basic characteristic that differentiates the EfficientNet architecture from other
architectures in the literature is that the network depth, width, and resolution parameters are not
mutually independent. The architecture grows these parametebmlanced manner using the
compound scaling approach. The compound scaling approach is founded on the idea that as the
resolution of the input image to the model escalates, the model correspondingly grows the
number of layers (depth) and the number ohdeds (width) to process the details. As cited in

the study of Sun et alSun et al., 2024his approach allows the model tter out complex
background noise in the Tomatillage dataset while more effectively learning the subtle
symptoms of the disease on the leaves.

The architecture employs Mobile Bottleneck (MBConv) blocks as its basic building blocks. As
cited by Cosma etl. (Cosma & Cosma, 2024these blocks reduce the parameter overhead by
employing depthwise separable convolution instead of traditional convolution operations.
Moreover, the SqueezndExcitation (SE) modules embedbwithin the block function like

an attention mechanism, guaranteeing that the network concentrates on the appropriate feature
channels conveying the disease rather than the whole image.

In this research, four different scaled models of EfficientNet family were employed
comparatively. EfficientNetBO is the basic model of the family. With a 224x224 pixel input
resolution and about 5.3 million parameters, it provides the shortest training and inference time.
It is designed for mobile platfms. The EfficientNetB1 model design is the first scaled version

of the EfficientNetBO model. The input resolution has been raised to 240x240 pixels, and the
capability of the model for feature extraction has been enhanced. The EfficientNetB2 model
design,on the other hand, employs a balanced intermediate model with an input resolution of
260x260 pixels. With the rise in the number of parameters, its capability to extract the tissue
details of diseases is better than EfficientNetB1. Finally, the Efficet®Bl model design is

the most detailed model employed in this research. It has an input resolution of 300x300 pixels
and about 12 million parameters. With its higisolution benefit, it is the most advanced model

of the family, particularly in identifyinine-detailed symptoms.

2.3. Experimental Design and Training Settings

All model training and validation processes conducted in this study were performed on a high
performance workstation running the Windows 11 operating system. The hardware
infrastructure for the experimental simulations consists of an Intel CeidTDOK processor

with a base frequency of 2.10 GHz, which plays an active role in data preprocessing steps, 32
GB DDR5 RAM, which enables large data batches to be stored in memory, andRIANV
GeForce RTX 4060 graphics card, which accelerates deep learning computations using CUDA
cores. The software framework used Python 3.10 programming language and PyTorch deep
learning library.

As a training strategy, the Transfer Learning approach d@gsted instead of starting models
from scratch with random weights. In this context, the pretrained weights of EfficientNet (BO
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B3) models on the ImageNet dataset were used as the starting parameters. This method
shortened the training time and providedrenstable convergence by allowing the model to
adapt its existing knowledge to tomato leaves rather than relearning basic visual features such
as edges, textures, and colors. The final classification layers of the models were restructured to
correspond tohe 8 classes in the Tomatfillage dataset.

During the hyperparameter optimization process, the batch size was set to 8, considering
hardware capacity and the model's generalization ability. All models were trained for 20 epochs.
The Adam optimization atgithm, an advanced momentdmased version of stochastic
gradient descent (SGD), was chosen for weight updates. The learning rate was fixdd at le
(0.0001) to enable the model to reach the global optimum without getting stuck in local minima.
The CrossEntropy Loss was used as the loss function, which minimizes the difference between
the model's predicted probability distribution and the actual labels in-alags classification
problems.

2.4. Performance Metrics

In scientific studies, statistical metsiavidely accepted in the literature exist to evaluate the
classification success of models in a multifaceted and objective manner. The accuracy value,
which indicates the overall success of the model, is presented as a standalone performance
indicator; hovever, it can yield misleading results, especially in imbalanced datasets where the
class distribution is uneven. Therefore, to increase the reliability of the study, complementary
metrics such as precision, recall, and the harmonic mean of these two treduekscore, were

also calculated. In addition, confusion matrix visualizations were used to analyze the class
based confusion rates of the models. The mathematical expressions of the metrics used are
defined below.

Accuracy represents the proportion aafrrectly predicted examples in the total dataset. Its
formula is given in Equation 1.

D OMOIT rerer—— (1)

The precision given in Equation 2 indicates how many of the examples that the model predicts
as positive are agally positive. It is critical in situations where the cost of false positives (FP)
is high.
01 Qo'Qi 0&t 2)
Recall/sensitivity measures how many truly positive examples are correctly identified by the

model. It is one of the mbgmportant metrics in problems where missing a diagnosis (FN) is
risky, such as disease detection. The recall equation is expressed as follows:

YQO D e—e— (3)

The Flscore metric is the harmonic mean of the precision and recallcmdtris the metric
that best summarizes the model's performance on imbalanced datasets. The formula for this
metric is given in Equation 4.
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"PZLYDET Q ——M— (4)

In metric calculations, TP (True Positive) represents correctly diagnosed diseases, while TN
(True Negative) represents correctly classified other examples. FP (False Positive) refers to
healthy/other class examples that are mistakenly identified as having treedaehFN (False
Negative) refers to diseases that are missed.

3.RESULTS

Under this heading, four different variations of the EfficientNet family were trained using the
TomatoVillage dataset, and their performance was evaluated on the test set. Allsmet
showing the classification success of the models are presented in Table 2. Additionally, Figure
2 graphically displays the accuracy and-d4€bre values of the architectures. The results
obtained show that deep learning models achieved a succesbaae029400 in classifying
nutrient deficiencies and diseases.

Table 2. Performance metric results of different EfficientNet architectures.

Architecture Accuracy | Precision Recall F1-Score
EfficientNetBO 0.9414 0.9439 0.9414 0.9415
EfficientNetB1 0.9458 0.9469 0.9458 0.9445
EfficientNetB2 0.9458 0.9462 0.9458 0.9458
EfficientNetB3 0.9740 0.9740 0.9740 0.9738

Accuracy @ F1-Score

0.98
0.9740 0.9738

0.97
0.96

0.95

0.9458 0.0445 0.9458 0.9458

0.9414 0.9415
0.94

3
EfficientNetBO EfficientNetB1 EfficientNetB2 EfficientNetB3
Architecture

Figure 2. Accuracy and Flscore values graph for architectures.
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The EfficientNetBO model shown in Figure 3 withetnfusion matrix correctly classified 434

out of a total of 461 images in the test set, achieving an accuracy rate of 0.9414. This model
made incorrect predictions on 27 images. The fact that the model's precision (0.9439) and F1
score (0.9415) values atse to each other indicates that the model does not overemphasize
a particular class. However, it shows that it missed some difficult examples due to low
resolution. The EfficientNetB1l and EfficientNetB2 models achieved identical performance
with an accuacy rate of 0.9458. Examining the confusion matrices in Figure 4 and Figure 5
reveals that they made 2 more correct predictions than the EfficientNetBO model. They reduced
the number of false detections to 25. However, the fact that the EfficientNetBdl'snied

score of 0.9445 is lower than the B2 model'ssEdre of 0.9458 indicates that the
EfficientNetB1 model is not as stable as EfficientNetB2 in terms of precision and sensitivity
balance. It indicates that it is more affected by class imbalancejagpa classes with few
examples, such as potassium deficiency.

Early Blight - 47 0 3 0 0 0 0 0

Healthy - 0 20 0 2 0 0 0 0

Late Blight - 0 0 89 0 0 1 0 2
(]

a8 Leaf Miner - 1 3 0 98 0 0 0 2
O
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2 Magnesium Deficiency - 0 0 0 0 0 3 0
'_

Nitrogen Deficiency - 0 0 0 0 0 37 0 0

Pottassium Deficiency - 0 0 0 0 0 0 8 0

Spotted Wilt Virus- 2 1 6 1 0 0 0 43
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Figure 3. Confusion matrix for the EfficientNetBO architecture.

The confusion matrix of the EfficientNetB3 architecture, the most successful model of the
study, is shown in Figure 6. kige 6 shows that it correctly diagnosed 449 out of 461 test
images, making only 12 errors. This result proves that the EfficientNetB3 architecture reduces
the number of errors by half compared to the EfficientNetBO model. The accuracy of 0.9740
and the Fiscore of 0.9738 demonstrate that the model has a level of reliability comparable to
current studies in the literature in distinguishing both diseases and nutritional deficiencies.
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Figure 4. Confusion matrix for the EfficientNetB1 architecture.

Analysisof the models' confusion matrices revealed that the increase in accuracy rates directly
reflected the clasbased discrimination power. The majority of the 27 errors observed in the
EfficientNetBO model were concagrhttroatcd ch sisre st, h
have similar visual features, and in the AN
distinguish yellowing on the leaves. Low input resolution caused this model to lose fine texture
details and confuse similar classes.
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Figure 5. Confusion matrix for the EfficientNetB2 architecture.

However, the EfficientNetB3 model was able to minimize these confusions because of its
increased number of parameters and resolution capability. While analyzing the distribution of
the total 12 eors of the model, it is clear that these errors occurred in the complex cases where
the deformation of the leaves was excessive or where more than one disease/symptom could be
observed on the same leaf. Especially in the classes where other modelsqzepoonty, such

as AMagnesium Deficiencyo and n-losslaskdetddtioner , 0
with a high recall value of 0.9740. It minimized the false negative instances. Thus, the
EfficientNetB3 model architecture emerges as the most toutyvdiagnostic tool in practical

field situations.
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Figure 6. Confusion matrix for the EfficientNetB3 architecture.

Figure 7 illustrates the variation of train loss values during thep?@h training process of the
trained EfficientNet (BEB3) models After carefully analyzing the graphs, it is observed that,

with the benefit of prior knowledge provided by the transfer learning approach, all models
qguickly minimize the error in the initial stages of training (first® epochs) and maintain a
convergng pattern. In the later epochs, as the optimization process (Adam) refines, the
decreasing pattern slows down, entering a stage of plateau, and finally, at the end of the training
process, the loss values settle down at a minimum point. The EfficieB8\atodel, in
particular, was able to learn the complex patterns in the dataset better because of its deeper
architecture and higher number of parameters, and it was able to decrease the training loss to a
lower extent compared to other models. The smodlindgpattern of the loss curve and the

low amplitude of oscillations clearly indicate that the choice of learning rate and batch size is
optimal for the problem.
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Figure 7. Graph of the train loss values of the models throughout the training.

4. DISCUSSION

The performance level achieved by the artificial intelligence architectures developed has raised
the bar to a completely new level for agricultural software applications, going far beyond the
constraints of the existing diagnossigstems, which were limited to laboratory settings. The
strategy developed clearly illustrates that the study of physiological anomalies and bacterial
infections in plants can be achieved with a high degree of accuracy on a single computational
platform. Unlike experimental fields, these systems, which have been trained on uncontrolled
and noisy images as they exist in nature, indicate how far the boundaries of adaptation can be
pushed for algorithms to function in natural settings.

The key success of thawation with the highest computational capability among the examined
network structures clearly illustrates the decisive role of the level of visual detail in the
identification of complex tissue damage. Although {parameter algorithms face difficulties

in identifying similar leaf damages, the most inclusive model eliminates these ambiguities and
achieves a negrerfect level of diagnostic performance. Even similar color variations due to
insect infestation and element deficiency, in particular, aremger a problem, thanks to the
enhanced information processing capability of the network. This scenario once again
emphasizes the significance of the linear relationship between hardware capability and
diagnostic accuracy in agricultural issues.
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5. CONCLUSION

The last evaluation of this research showed that the algorithms studied reached an impressive
accuracy rate in agricultural issues. Specifically, the model with the most complex hierarchical
structure, the deepest model, showed a-pedect diagnost performance with an accuracy

of 0.9740 and an F4core of 0.9738. The entigvel model, a lighter version of the network,
stayed at a general level of success of 0.9414, proving to be an acceptable substitute for portable
devices, but it also showed merically that the margin of error increased in cases where
detailed information was needed.

This is because the statistical superiority thus created opens the way for producers in rural areas
to be able to carry out instant and highly reliable scans uititihe need for any expertise. The
usability thus provided at the endpoints by the lightweight versions of theskehelsystems,

which provide maximum accuracy on clehdsed central servers, is an undeniable
technological leap forward in the protectiof agricultural yields. Therefore, the inclusion of
environmental sensor data, soil chemistry, and regional climate data in this visual éecision
making process, which is above the 0.9700 success level, in future studies will ensure that fully
autonomousgricultural systems reach a much wider audience.
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ABSTRACT

Accurate and reliable forecasting of agricultural product prices is strategically important for
producers, traders, and policymakers. Agricultural prices are influenced by various factors such
as seasonality, supptiemand imblances, and economic fluctuations, and exhibit a nonlinear
structure. Therefore, traditional time series models often perform poorly, while machine
learningbased methods provide an alternative solution. In this study, agricultural product price
forecastng was conducted using a dataset covering the period from 1 January 2022 to 31
January 2026, based on market records in Turkey. Extensive preprocessing was applied to the
dataset; new features were derived using logarithmic transformation, outlier sigpprisss
features, moving average features, momentum variables, and trend variables, and sine and
cosine transformations to represent the cyclical nature of time. Six different machine learning
regression algorithmisLinear Regression (LR), Decision Tr@2T), Random Forest (RF),-K
Nearest Neighbour (KNN), Gradient Boosting (GB), and Extreme Gradient Boosting
(XGBoostp were used for price forecasting. The performance of these algorithms was
evaluated using Mean Absolute Error (MAE), Naive Mean Absolutar Bdaive MAE), Root

Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE), and Coefficient of
Determination (R?) metrics. The results showed that all machine learning models produced
lower error values compared to the Naive forecasting mettmedowest MAE, the most stable
RMSE and MAPE values, and the highest explanatory power were achieved with the XGBoost
model. The findings indicate that trbased and boostiAgased methods are more effective in
modelling nonlinear and complex price dynami

Keywords: machine learning, naive forecasting, regression analysis, agricultural product price
forecasting, XGBoost

1. INTRODUCTION

The accurate and reliable forecasting of agricultural product prices is extremely
important for producerstraders, and policymakers. This enables producers to plan their
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production more effectively, traders and intermediaries to reduce their commercial risks, and
policymakers to develop effective and sustainable agricultural policies.

Agricultural product pries are affected by many factors, including seasonality, supply
and demand imbalances, climatic conditions, and nationwide economic fluctuations. These
factors lead to a complex and nonlinear structure of agricultural product prices.

Traditional statisticaimethods such as Autoregressive Integrated Moving Average
(ARIMA) and Seasonal Autoregressive Integrated Moving Average (SARIMA) have been used
in the literature for many years [1], [2], [3]. However, these methods have limited forecasting
performance becse they cannot adequately represent nonlinear relationshipsteltomg
dependencies, and sudden price changes. This situation has led to the widespread adoption of
machine learning algorithms in agricultural product price forecasting.

The literature contas many studies demonstrating that machine learning, deep
learning, and neural netwotlased models yield successful results in agricultural price
forecasting. In one of these studies, Demir developed an application that forecasts future tomato
prices usig a machine learningased Long Shofferm Memory (LSTM) algorithm and
concluded that it would increase producers' profit margins by 9.1% [4]. Paul et al. used
Generalized Regression Neural Network (GRNN), Support Vector Regression (SVR), RF, and
GB machne learning algorithms to forecast the price of eggplant in India. As a result of the
study, it was observed that the GRNN model performed better than the other models [5]. In
another study, Ozden used statistical (ARIMA and SARIMA) and deep learningqi0tomal
Neural Network (CNN) and LSTM) models to forecast changes in the agricultural input price
index. According to the results of the study, he stated that the ARIMA and CNN models were
more successful compared to other models [6]. Keskin forecastedfipictuations in basic
cereal products in Turkey using RF, Neural Network (NN), Support Vector Machine (SVM),
and LR algorithms. The study concluded that the RF algorithm had the most successful
forecasting performance [7]. Baydemir analysed marketaniyocs using Multiple Linear
Regression and NN algorithms to forecast future prices of dried apricots in Turkey. Both
algorithms showed successful performance in forecasting dried apricot prices [8]. In their study,
Manogna et al. analysed the performantdRIMA, SVR, XGBoost, Multilayer Perception
(MLP), Recurrent Neural Network (RNN), LSTM, Gated Recurrent Units (GRU), and Echo
State Networks (ESN) models to forecast agricultural product prices. The study showed that
LSTM and GRU models performed bettean other models in capturing complex time series
patterns [9].

Lestari et al. forecasted the prices of basic food products using LR, RF, and XGBoost
algorithms and compared the performance of these models. The study showed that the best price
forecastingoerformance was obtained with the XGBoost algorithm [10]. In the literature, many
studies have also been conducted on hybrid approaches that use statistical models and machine
learning models together. In their study, Zhao et al. developed a hybrid pwudbining
Temporal Convolutional Network (TCN) and XGBoost algorithm to reduce the impact of
agricultural product price fluctuations on price forecastings. As a result of the study, they stated
that the TCNXGBoost model performed better than statisticaldels such as ARIMA and
LSTM [11]. In another study, Joshi et al. found that a hybrid model using ARIMA and machine
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learning models together had a superior price forecasting performance compared to traditional
methods. While ARIMA was used to capture linead timedependent trends, machine
learning models were used to model nonlinear exogenous factors such as weather conditions
and demand fluctuations [12]. In another study, Beltran et al. developed a hybrid model that
optimizes XGBoost and Light GradieBbosting Machine (LightGBM) models using Cuckoo
Search and Particle Swarm Optimization (PS8) to forecast maize prices in Colombia. The
results of the study show that the performance of the developed hybrid model is superior to that
of individual modelg[13]. This study aims to forecast agricultural product prices based on
wholesale market data in Turkey using LR, DT, RF, KNN, GB and XGBoost models.

2. MATERIALS AND METHODS

The dataset used in this study was obtained from hal.gov.tr, an official agatul
market information system in Turkey. The dataset covers the period from 1 January 2022 to 31
January 2026 and includes daily records of agricultural product prices. All experiments were
conducted using Python 3.14.1 in the Visual Studio Code (VSGedeJopment environment.
The dataset was first cleaned and preprocessed to remove missing or inconsistent records.
Subsequently, the prepared dataset was used to train and evaluate the proposed machine
learning models.

2.1. Machine Learning

The term macime learning was first used in the literature by A. L. Samuel [14]. A more
systematic and engineeriioigjised approach to machine learning was proposed by T. M.
Mitchell [15]. Machine learning is a subfield of artificial intelligence that learns relationships
between data by processing large datasets and can therefore make forecasts for future data. With
these features, it offers significant advantages in analysing large and complex datasets where
classical mathematical and statistical methods are insufficient

2.1.1. Types of Variables in Machine Learning

Large datasets used in machine learning often contain different types of variables. These
variables can be classified as numerical variables, categorical variables, time series variables,
dependenvariables, and independent variables. Numerical variables represent quantities that
can be measured and expressed with numerical values [16]. Categorical variables cannot be
measured quantitatively and classify data into specific groups or labels [14. SErres
variables are observed at specific time intervals and contain timestamp information. The
dependent variable is the outcome variable that represents the target value the model aims to
forecast or explain in the dataset. Independent variables|arthed variables that influence
the occurrence of the targeted dependent variable in the dataset. These variables affect the
outcome, explain the change, and are used as inputs in forecasting processes.

2.1.2. Machine Learning Regression Algorithms

LR: Linear regression algorithms are methods that model the linear relationship between
the dependent variable and one or more independent variables in a dataset. In this context,
simple linear regression, multiple linear regression, and polynomial regressiaidaly used
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in numerical forecasting problems. Logistic regression, although it has a linear model structure,
is mainly used for classification problems [18].

DT: The decision tree regression algorithm aims to minimise forecasting error at each
split by successively dividing the independent variables in the dataset according to a specified
purity criterion. The structure of the algorithm resembles aisé structure consisting of
nested decision rules. Due to this model structure, it is piecewise surdtdj producing the
same output value for forecasts made within certain intervals.

RF: The random forest regression algorithm is an ensemble learning method formed by
combining a large number of decision trees. Each decision tree is trained using yandoml
selected samples and variables from the dataset. The final prediction is obtained by aggregating
the results produced by each decision tree.

GB: The gradient boosting algorithm is a tie@sed method that aims to create a
stronger model by successivelynabining weak learners. Each decision tree is trained to reduce
the errors made by previous trees, thereby improving the overall forecasting performance of the
model.

XGBoost:This algorithm has been developed by making various improvements to the
gradient boosting regression algorithm. Its notable features include high forecasting
performance, prevention of overfitting, and fast execution [19].

KNN: The basic principle of th&-nearest neighbour algorithm is based on the
assumption that samples close to each other exhibit similar characteristics. The algorithm can
be used for both classification and regression problems. For an observation whose class has not
yet been determinethe distances to other observations in the dataset are calculated using the
Euclidean method, and the k nearest neighbours are identified [20].

2.1.3. Performance Evaluation of Machine Learning Regression Algorithms

To make the most accurate inferencesf datasets, the performance of the applied
regression algorithms must be evaluated using appropriate metrics.

R2: The coefficient of determination is a performance metric that indicates how much
of the total variance observed in the dependent varialebepiained by the regression model.
The closer this coefficient is to one, the better the performance of the model. However, as the
coefficient of determination is sensitive ttte number of variablesin the model, it is not
sufficient to evaluate the mod@erformance alone. Therefore, it should be interpreted
alongside other performance criteria.

MAE: It is calculated by dividing the sum of the absolute differences between the actual
values and the forecasted values in the dataset by the number of tiwserva

RMSE:MSE is calculated by dividing the sum of the squared differences between the
actual values and the forecasted values in the dataset by the number of observations. RMSE is
obtained by taking the square root of the MSE.
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MAPE: It expresses the fecasting errors of the model as a percentage by dividing them
by the actual values. However, care should be taken as it can produce extremely large error
values when the actual values are zero or close to zero [21].

Naive MAEThe naive estimation method is a simple time series approach that assumes
the estimated value in the next time step will be equal to the value in the current time step.
Naive MAE represents the average absolute error of the estimates obtained under this
assumption.

3. DATASET PREPARATION

I n this study, a dataset was f caveingther eat e
period from 1 January 2022 to 31 January 202

Table 1.Dataset example

Date Name Category | Product Type Ave_rage Volume | Unit of Mass
Price
01.01.2022 Cucumber| Cucumber| Conventional 1.83TL 8075 Kg
01.01.2022 Raspberry| Raspberry| Conventional | 429.31 TL 2 Kg
01.01.2022 Kohlrabi White Conventional 421 TL 57 Kg
01.01.2022 Kohlrabi Red Conventional 850 TL 40 Kg
01.01.2022 Pineapple| Pineapple| Conventional 15.14 TL 11576 Kg
As shown in Table 1, the dataset i nclude

Nameo, fACategoryo, APraYotumEvypeandiAUeri agef
preprocessing steps were applied to ensure consistent anfreégranalysis of the dataset. In

the first stage, all textual entries were converted to lowercase to comply with Turkish grammar
rul es. TheefiWatsec onarirakld to a tempor al dat
and AVolumeo variables were converted to nurm

The variables AProduct Nameo, AProduct Ty
combinedto createanewvariablea | | ed AProduct Completedo. The
by sorting it chronologically according to t

observed in the "Average Price" variable, an outlier suppression method was applied to reduce
the mpact of outliers. Additionally, logarithmic transformations were applied to the "Average
Price" and "Volume" variables, and these transformed values were used in the analysis phase.

The data was grouped by the niPr widdow t Com
features were derived based on this groupi ncg

ALagl Vol umeo, representing the previous da\)
ARol |l 7 Vol umeo, rdaypriceancvalume chges,vérecreatexvTe lbetter

represent shortand mediumt er m changes in price and vol u
vari abl e, calcul ated relative to the previou
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Priceo and AMoment um which r@pre3ent oRgted-, ant sevemaya r i a b |
changes. Il n addition, the ATrend7 Priceo an
observe seveday price and volume trends. To standardise predaseéd price distributions,

Z-score values were calculateddan as ¢i@r e Pri ceo variabl e was cr
was decomposed to obtain thé&3AAQhEDMave efk Mol td
Sine and cosine transformations were applied
variables to be#r represent the cyclical nature of time.

Variables not used in the analysis phase were removed from the dataset. The
i ndependent vari abl es for anal ysi s ar e: A
Moment um2 Pri ceo, A Moment umM™MoRreind audmn 2 VMd mem
Moment um7 Vol umeo, ATrend7 Priceo, ATrend?
AMont h _sino, AMonth _coso, fADay _si no, ADay co
and ASeason_coso. Finally, a Tavampbld"Prédoct oder
Complete”. Numerical variables were scaled using Robust Scaler in the LR and KNN regression
algorithms, while no scaling was applied in the dbased regression algorithms.

ot I

4. ANALYSIS

Table 2. Algorithm analysis results

Model R2 MAE Naive MAE | MAE Difference RMSE M('ﬁ}oP)E

XGBoost| 0.887017| 22.104710| 27.671784 5.567074 75.377609| 26.366180
RF 0.886583| 22.116295| 27.671784 5.555489 75.212733| 26.406661
GB 0.886286| 22.220210| 27.671784 5.451574 75.709462| 26.567352
DT 0.885225| 22.276874| 27.671784 5.394910 75.651590| 26.715347
LR 0.884517| 22.427685| 27.671784 5.244099 76.326134| 26.865662
KNN 0.876575| 23.363427| 27.671784 4.308357 78.237789| 27.715665
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= Model
27.67TL W Naive
MAE Difference = 4.31 TL

27.67TL

Linear Regression MAE Difference = 5.24 TL

2767 TL

Decision Tree MAE Difference = 5.39 TL

Models

27.67TL

Gradient Boosting MAE Difference = 5.45 TL

2767 TL

Random Forest MAE Difference = 5.56 TL

2767 TL

XGBoost MAE Difference = 5.57 TL

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
MAE (TL)

Figure 1. Comparison of Model MAE and Naive MAE
The results of thanalysis performed on the dataset are shown in Table 2. MAE, Naive
MAE, and MAE Difference values are given in TL. Examination of these results reveals that
all machine learning algorithms produced lower MAE values than the Naive forecasting
method.

As shown in Figure 1, the developed models demonstrate more successful performance
compared to the Naive forecasting method.

2336 TL

Linear Regression 22.43TL

Decision Tree 22.287TL

Models

Gradient Boosting 22.22 TL

22.127TL

Random Forest

XGBoost 2210 TL

0 5 10 15 20 25
MAE (TL)

Figure 2. MAE Results of the Models

As shown in Figure 2, according to the MAE criterion used as a performance measure, the
XGBoostregression algorithm produced the lowest error value at 22.10 TL, demonstrating the
best performance among the models. The RF and GB models follow XGBoost with error values
of 22.12 TL and 22.22 TL, respectively. These results indicate thalbdsssl anénsemble
methods can effectively capture nonlinear relationships in agricultural product price
forecasting. Although the DT and LR models have higher MAE values, they show significant
improvement compared to the Naive forecasting method. The KNN modeh Wwas the
highest MAE value (23.36 TL), was found to experience a loss of performance in
multidimensional and temporally dependent datasets.
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KNMN 08766

Linear Regression

0.8845

Decision Tree 0.8852

Models

Gradient Boosting 08863

Random Forest

0.8866

XGBoost 0.8870

0.00 0.20 0.40 0.60 0.80
Log R*

Figure 3.R2 Results of the Models

When the Rz values in Figure 3 are examined, it is evident that all naydedgiite similar
and have high explanatory power. This indicates that the models can successfully explain
general price trends.

KNN 27.72%

Linear Regression 26.87%

Decision Tree 26.72%

Models

Gradient Boosting 26.57%

Random Forest

26.41%

XGBoost 26.37%

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%
MAPE (%)

Figure 4. MAPE Results of the Models

As shown in Figure 4, the analysis results indicate that the RMSE and MAPE exhiia$
a distribution consistent with the MAE values. The XGBoost model provides a more balanced
and stable forecasting performance in terms of both MAE and MAPE.

5. CONCLUSION

In this study, the problem of forecasting agricultural product prices basehdket
records in Turkey was analysed using various machine learning regression algorithms. The
findings indicate that all models are significantly more successful than the Naive forecasting
method. This demonstrates that a forecasting approach rebjilyg en the previous value is
insufficient for price series, and that the derived features contribute significantly to the model.
When performance metrics are considered together, the XGBoost algorithm produced the
lowest MAE value and delivered balanaesults in the RMSE and MAPE metrics. The RF
and GB models also showed performance very close to that of XGBoost. In contrast, the KNN
model was found to be relatively weaker with hjmensional data and temporal dependence.
The LR model, due to its liae assumption, could capture complex price fluctuations only to a
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limited extent. It was determined that tie@sed and boostiAgased algorithms are more
reliable and applicable for forecasting agricultural product prices based on market records. The
resuts demonstrate the effectiveness of machine leafinasgd models in forecasting
agricultural product prices and provide an important foundation for the development of decision
support systems. Future studies suggest that including additional indepestkgnies in the
dataset could further improve the forecasting performance of the models.
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CODE TRANSFORMATION PLATFORM FOR MIGRATING BUSINESS RULES
BETWEEN FRAMEWORKS

Ra m ¥zgg¢r
l nnovance, Dept. of Software Devel
ra m.ozgur @ nNnORCA DO 6 MOCEB IR 17
Ceren Ul us
EFA I nnovat on Consult ng and Technol ogy,
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ABSTRACT

I n the age of technology, the software world
frameworks to meet chang ng technolog cal n
mandatory n softwheseeproaests. onlopweveesses
cost, and can also |l ead to errors due to coO
nnovat ve code transformat on platform to s
|l og c nbat Wder ent nfrastructure frameworks.
structure that automat <cally analyzes bus ne
n order to solve these problems. Ws hcarhe d
be ready n m nutes, manual errors are el m
s ngle po nt. The output of the platform w
appl cat ons n the f elds of opmenhware eng n
Keywo€dde Transformat on, Framework, Bus nes

1.1 NTRODUCTI ON

I n today's software world, there S a consta
wh c¢ch ameaede esatdryuct ures desbgsedes® devepplp a
constantly ncreas ng. The rap d devel opment
organ zat ons t o under go d g tal transforr
nfrastructure framewoekdransvttabl e@.rotlewse
compl ex, requ r ng h gh t me and cost due
compat b | ty ssues. Espec ally when m grat
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new echnol og es, esbBeruéktactaod cpdef cheatres
organ zat ons, extend ng project durat ons a

ramework m grat on processes, cr t cal r
tectures, reqguespmpondasred szatucdanuref, and
nol og es to new standards. As manual pr
ously work ng features may become corru
res atuwudr éfaenentogtcucTherefore, t take
nolog es, and the product v ty of the te
s largely rely on manual nt er vteomrma toend n
t ons to opt m ze technology trans t on
g
a

O v~ =T ~+ o —

- OO O oS T OO0 om®mm® < d T O
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ng technol og cal env ronment, I m t c
tructure and adapt to amewbhed exhsol wig @r
ransformat on s the process of conver
g ng ts structure. Dur ng th s transfc
ved, but t s tfhoer ntadt d ec hnaonrgee sr. e aldha bsl ema k e

> O T O Cc T o Cc < ITITD

T OO0
n
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-

th s study, an nnovat ve automated code
aml ess and rap d trans t ons between fr ame
e software, as wélltyasandmpreove®r mance. omh
t m zed code for the target framework by
mponents used on the source framewor k.

O o —+ un —
O T oM S

O
-

e of the ex st ng gaps n t he hle tseurgagtewsrte o
apt ve changes dur ng framework evolut on.
oposed by the software factor es model S
ns der ng that the manualeemetth@adneweskd al
nsum ng and prone to errors -f oncutshead a@urprr et
of fered by th s study stands out as an nnov

QO
o

0o 0T
o o =

Th s study s organ zed as foll ows2. Thel Frewe
th s, deta |Is of the platform S presented
Sect on 4. F nally, Sect on 5 concludes the

2.LI TERATURE REVI EW
[1] a med to automate codeptopastetdtAlomhatTr & h:

symbol ¢ approach. Al phaTrans can transl ate
|l evel s of wval dat on to ensure the transl at
To s mpl fy the guadgd eModelrs L@klgM) ,Lakl phaTr a
down nto s mpler parts. Program analys s S
of call s.

[ 2] proposed a method for equ valence val da
PL- ndependent framewor k. The pargeepnas ead crhe tt heccd
breaks down equ valence val dat on nt o sev
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cons stent semant ¢ analys s of ttohet hter anesslta ta
wh c¢h s then tasked w th wr t ng and execut
agent corrects the translat on error. The de
semant ¢ analysestandThesvakxdautoonpnandsuépa

met hod have been comparetewel hcbdartdahékbatr
2.219 translat on pa rs from 24 G tHub proj
pa rs andnoacgceenttaham mMgQO. 000 | nes of code hav:
t he proposed met hod produced equ valencel

translat on pa r s, and n 72.8% of these, t
prews stud es. These results demonstrate tha
to many programm ng | anguage pa rs.

[ 3] exam ned for mal v al dat on techn ques a|
weaknesses of cur rsenhtalvye abdeoepnt e dd eanptp rfo aecdh.e T h
the need for automated and scalable val dat

[ 4] emphas zed the mportance of mult modal

for ach ev ng automated sof trwkar et heewol pntompoms
Select ve Sequent al Scope model . Th s prop«
future research when encompass ng d fferent
l earn ng tasks.

[ 5] proposed a wemappepenvw medelompr mrSwofdte f or
t hat can be ntegrated nto prev ous comp | e
for 6 web serv ce funct ons. Exper ment al r
convert ng waebl sefrvom OS to Andro d. Add t

| anguage models and the r code generat on

compared. The code transl at on performance o
poteaf @lrompt eng neer ng for seaml ess nt e
nvest gated.

[ 6] devel oped mult | ngual mod el ng approac
potent al t o mprove transl at oon bopd dals btoywcan d
and -hegdurce | anguage pa r s. They <created a
mul t | ngual dat aset s: Mul t | ngual Trans, wh
programm ng | anguages;etNwedre Tspacs ,f forpnogama
and popul ar | anguages; and LLMTrans, for ev
LLMs. Add t onally, CodeTransOcean -fnamedes

dat aset for translactr onsgs dde efpf elreeanrtn fnrga nceovbe |
proposed a new eval-uaveloncomeerticamolraprogr am
Chat GPT on the datasets, nvest gated ts |
devel oped fusdédwmentCaldemodaebk Ocean.

[ 7] proposed a novel dat abase code convers
match ng to support database cande gloatvfeadrsmo.i
mod el has been mpl emenvokedFtoelsapPoFtr ¢ fiteo rce
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from Andro d (Java) to OS (Sw ft) us ng TCA

converted database code and mprovement for
[ 8] proposed an apprmpracde stshadf cogen earuato nmag el
d fferent |l anguages, reduc ng the | anguage
proposed approach uses metadata der ved from
generate Appl gt lomt ePfagreamm( APl s) for e a(
exper ments, t has been observed that <code
w th code developed n other | anguages. The
mprove tlye stcabab | ty, and modul ar ty of n
[ 9] proposed a nat ve mob I e appl <cat- on us
comp | at on approach. The code converter has

Undeystf{B4dEU) metr c¢c. The resudamnp slheorweuws @rh at
code converter ach eved 88. 9% accuracy when

[ 10] used an approach proposed n the TCAI O

Andro dtbo mPBove reverse translat on. Fur
funct ons such as mak ng phone <call s, al ert
tested us ng comprehens ve techn ques such a
thahe mapproach ach eved s gn f cant success

3. DETAI LS OF THE PLATFORM

The system arch tecture s based on the pr n
house software devel opmemdurper otcleastseal | Theam
platform structure and to automat <cally gene
standar ds. Under the standard zat on approa
package struct drasdsem mr 8permgc®d8optojects are
across the organ zat on. Under the automat
accord ng to the parameters entered n the P
necessary onnsplbeymemrtilay ref err ngbdaoved hkAR ff |
used for the bachkkhkndhseapdopPevOpmasagsemdnt opl
frontend.

3.1 Platform Component s

At system star-baped alJ &Swa Awe MBowad (JARRcder d
nternal standards has been used. The conf g
for enter ng parameters for technolog es su:
Appl cat on.propert esmamancdlalcyuaeds compoaern
the relevant conf gurat on f | e n a for mat
dependency management (pom. xml ) , necessary
ncluded by theramewemk o tRroj eéebe Manageme
created JAR f | e s uploaded to the centr al
managed through th s screen. I n the data s
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Appl cat ong.p, oRamtb ¢ MQ ( ddost , Kaf k a top c,
automat cally added. The framework perfor ms

at th s f | e.

W th n the scope of pom. x ml management , ma n
Spr ng ®dada nternal framework modul es are au
add t onal modul es needed are presented as s
conf gurat on nf or mat on S storthr omgh tclee

Project Management S te are vers oned and re
f needed.

3.2 Secur ty

Access to the Project Management S te S pro
to securely aathenim.cAt & ®B8entshe pk parameter
(user passwords, APl keys, database connect

are protected n encrypted form and can be

add nenronment var ables are preferred n
separate conf dent al nf ormat on from the
the devel opment and operat on of t her mpdlat f o
software devel opment standar ds, guarantee n
scalab | ty. F nally, the platform has wunder

4 . RESULTS OF THE STUDY

The platform has ntrocgceacdernngyvabqdty amudg ommat
m grat on processes. Framework m grat on p
aut omat on mechan sms developed of the platf
ed t ng has been m n tm @eredpr ddeass e&xo mpd tternga

Further mor e, funct ons found n ol der frame
frameworks by analyz ng them, reduc ng human
Cost s n softwareadevekeepmertdupedcefsdsachng
on manual code convers on allows compan es t
trans t ons. In part cul ar, nmesaptonse sSolrwt
mprovefohmapee of software systems wh | e re

Th s platform also has a modul ar and fl ex bl
chang ng needs and new technolog es. Th s f e
compalt tboy w th m n mum effort dur ng framew
usage.

th s solut on h ch can be nt

I n add t on, , W
full compat b | ty w th modern soft

wor ks n

The contr but ons prov ded by the developed
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It has become poss ble for compan es to pr ¢

to ensure cont nu ty n software projects \
New croserv ce projects are ready n m nut
Conf gurat on f | e creat on t me S NOwW me:;
Data | oss s m n m zed w th the central Z e
l ncorrect conf gurat ons can be rolled bacl
Manual errods are m n m ze

Al l conf gurat ons are managed from a s ngl

5. CONCLUSI ON

I n the software devel opment wor |l d;cosnve uthc mgng
and -proone process requ r ng a s gn f cant

espec al lan env ronment where technolog cal

ab I ty to modern ze the r ex st ng nfrast:
addresses these problems and presemptatédor mni
enabl e seamless and rap d trans t ons betwee
processes are s gn f cantly reduced, and
management .
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ABSTRACT

While the proliferation of machine learning in clinical informatics has improved diagnostic
precision, the selection of optimal architectures remains a critical challenge for Information
Systems in oncology. This study presents a rigorous comparative analysiise dilata
mining frameworks ranging from traditional linear estimators to complexlinear neural
architectures using the highmensional Wisconsin Diagnostic Breast Cancer (WDBC)
dataset.

This study goes beyond simple categorization, examining thee-dftésl between
computational cost and diagnostic accuracy. To evaluate these diagnostic methods,
we used a series of classifiers: Logistic RegressioiNedrest Neighbors, Support
Vector Machines, Random Forest, and Mulier Perceptron (MLP). We assasse
model performance using RO&UC, specificity, and sensitivity, applying a
stratified 80/20 split and thorough feature standardization. Our analysis reveals a key
conflict: while deep learning models like MLP show high predictive accuracy, the
inherent inerpretability of SVM is more practical in clinical settings where
transparency is crucial. Therefore, integrating these improved data mining processes
into hospital information systems offers a promising way to reduce diagnostic delays
and minimize humaerror in earlystage pathology.

Keywords: Clinical Informatics, Data Mining, Diagnostic Decision Support, Predictive
Analytics, WDBC Evaluation
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1. INTRODUCTION

The swift progress of information and communication technologies has instigated a
profound transformation within Healthcare Information Systems (HIS). Initially,
these systems served as passive electronic archives, primarily intended for storing
administrative and demographic data. Presently, they have developed into dynamic,
terabytescale ecosystems, capable of processing intricate clinical, genomic, and
radiological information [1]. Nevertheless, the substantial volume of digitized
medical data does not inherently vyield actionable clinical insights. Deriving
meaningful patterns fromhése extensive datasets necessitates the integration of data
mining algorithms, a crucial step within the Knowledge Discovery in Databases
(KDD) framework [2, 3]. Consequently, through the application of these analytical
methodologies, basic data repodsigsr are converted into intelligent Clinical
Decision Support Systems (CDSS), which, in turn, support evieeamed
management and proactive patient care [4].

A crucial application of data mining in modern healthcare is the early detection and
classificaton of cancer. Breast cancer continues to be a leading cause of illness and
death worldwide, and starting treatment early is crucial for improving patient
outcomes. Currently, Fine Needle Aspirate (FNA) biopsies are often used in medical
settings to assesthe cancerous potential of breast lesions [5]. Pathologists face a
considerable cognitive load when assessing the morphological alterations of
extracted cell nuclei, including radius asymmetry, perimeter, and smoothness;
moreover, this process is subjecd tvariability between observers. As a result,
artificial intelligence (Al) is being adopted more frequently to reduce human error
and standardize the diagnostic procedure. Despite these advancements, a significant
ontological debate persists within the noadl informatics community regarding
algorithmic  selection. Researchers frequently posit that heightened model
complexity automatically ensures enhanced diagnostic precision. Although deep
learning frameworks, including Convolutional Neural Networks (CNNdg)ave
undeniably transformed the examination of unstructured data, exemplified by raw
mammographic images, their utilization in structured, tabular clinical data presents
considerable challenges [6].

Complex ensemble models and nHdtyer neural networks characterized by
substantial representational capabilities, frequently result in overfitting when
employed with restricted tabular datasets [7]. These models tend to memorize
training noise rather than learning generalizable biological rules, resulting i
dangerous performance drops when evaluating new, unseen patients. Furthermore,
deep learning networks act as "black boxes,” failing to provide the algorithmic
transparency and explainability required to establish physician trust in clinical
environments[6]. Therefore, the primary objective of this research is to empirically
challenge the "complexity equals accuracy" fallacy in structured predictive
oncology.
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By conducting a comparative analysis of five distinct data mining
architectures Logistic Regreéss, K-Nearest Neighbors (KNN), Support Vector
Machines (SVM), Random Forest, and Mdldayer Perceptrons (MLP) using the
standardized Wisconsin Diagnostic Breast Cancer (WDBC) dataset, this study aims
to determine which model truly offers the highest -oisample generalization.
Ultimately, this research seeks to identify the most robust, transparent, and
computationally efficient algorithm for safe integration into national Healthcare
Information Systems [8].

METHODS
Dataset Description

The present study utilized the Wisconsin Diagnostic Breast Cancer (WDBC) dataset,
a benchmark frequently employed to evaluate medical informatics methodologies
[5]. The dataset comprises 569 patient records. Each record is characterized by 30
continuous numecal attributes, all of which were extracted from digitized images
of fine needle aspiration (FNA) biopsies. These particular attributes are employed to
quantify diverse morphological characteristics of cell nuclei, including their radius,
texture, perimete area, and smoothness.

The dependent variable is binary, with cases classified as either malignant (37.3%)
or benign (62.7%). To prioritize patient safety and accurately reflect-wardd
oncology triage practices, the "Malignant” condition was spmatiji designated as

the positive class. This design choice ensures that the predictive models prioritize
clinical sensitivity, thereby strictly controlling the rate of false negatives.

Experimental Setup and Preprocessing

Following the KDD framework, the afaset underwent thorough preprocessing to
ensure a fair evaluation of the algorithms. The data was divided into two distinct
subsets: an 80% training set, comprising 455 instances, and a 20% testing set, which
contained 114 instances.

To preserve the indl class distributions and mitigate algorithmic bias throughout
model training, a stratified sampling method was employed. Furthermore, distance
based and margibased algorithms are known to be particularly susceptible to
fluctuations in feature scalingConsequently, ZAcore standardization was uniformly
implemented across the complete dataset, thereby effectively removing scale
inconsistencies among the thirty morphometric features.
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All  subsequent experimental analyses were coded in Python, primarily
relying on the computational tools provided by the sdd#rn, TensorFlow, and
Keras libraries.

Algorithmic Architectures

In order to provide a thorough comparative assessment, five distinct predictive
architectures were constructed and evaluated. Thedectises encompass both
traditional machine learning approaches and modern deep learning frameworks [9,
10, and 11]:

1. Logistic Regression: A standard, probabilistic linear classifier chosen largely
for its excellent interpretability.

2. K-Nearest Neighbors (KNN): A nonparametric, distanebased algorithm.
During the trials, it was evaluated at multiple neighborhood sizes (k=3, 5, and
7).

3. Support Vector Machines (SVM): This marginmaximizing algorithm was
tested with both Linear and Radial Basis Function (RBE)nels. Utilizing
both kernels made it possible to accurately map linear as well adinean
decision boundaries [9].

4. Random Forest: An ensemblestyle decision tree algorithm that relies on
bootstrap aggregating to decrease overall model variance [10].

5. Multi -Layer Perceptron (MLP): This is a deep learning feedforward neural
network, and it's trained using backpropagation.

To understand how the number of layers affects tabular data, we tested three
different network structures. These structures includedingle hidden layer with 16
neurons, a twdayer hidden structure with 32 and 16 neurons, and a -thyee
hidden structure with 64, 32, and 16 neurons.

RESULTS AND DISCUSSION
Training Performance and the Overfitting Phenomenon

Initial evaluations condded on the training subset exposed fascinating behaviors
regarding the representational capacity of highly complex architectures. The
Random Forest ensemble achieved a flawless 1.000 across all primary metrics,
including accuracy, sensitivity, and spedtiic The deepest neural network
architecture evaluated, MLP @216, showed a similar pattern. It achieved a
training accuracy of 0.998, which was almost perfect, along with a sensitivity of
1.000.

While these numbers appear initially impressive, sucholates perfection in a
medical dataset is often a clinical red flag. These results strongly indicated that the
highly parameterized models were not abstracting generalized biological rules;
rather, they were memorizing structural noise inherent to théngadata.
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Test Performance and Generalization

The true clinical viability of these architectures was rigorously assessed when they
were forced to evaluate the unseen téataset. The empirical results, detailed below

in Table 1, vividly illustrate a generalization gap within the complex models while
underscoring the remarkable stability of the traditional algorithms.

Model Accuracy Sensitivity Specificity ROC-AUC
Logistic Regression 0.982 0.976 0.986 0.995
KNN (k=3) 0.930 0.905 0.944 0.944
Linear SVM 0.974 0.976 0.972 0.996
RBF SVM 0.982 0.976 0.986 0.995
RandomForest 0.956 0.929 0.972 0.993
MLP (64-32-16) 0.965 0.976 0.958 0.989

Table 1. Model Performance on the Test Dataset

Upon evaluation against the novel testing records, the Random Forest model
exhibited a discernible decline in performance, with its accuracy decreasing to
0.956. Likewise, the MLP @32-16) architecture was unable to sustain its training
performance, resulting in a reduction to an accuracy of 0.965. Conversely, the more
streamlined models, specifically Logistic Regression and -BBM, displayed
exceptional stability when assessedaiof-sample data.

Conversely, the parsimonious models Logistic Regression and -S¥BF

demonstrated unparalleled enftsample stability. Both architectures topped the
benchmark with a 0.982 test accuracy. More importantly, as illustrated in the
confusion matrix for the RBFSVM model (Figure 1), these algorithms successfully
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Fiaure 1. Confusion Matrix for the RBF Sunbnort Vector Machine on the Test Dataset

identified 41 out of 42 malignant cases, securing a critical clinical sensitivity of
0.976.
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The superiority of these traditional models is further visualized through Receiver
Operating Characteristic (ROC) analysis. As shown in Figure 2, the area under the
curve (AUC) for both Logistic Regression and SVM approaches -peréction
(0.995), indicating a highly robust and stable decision boundary compared to the
more erratic boundaries merated by complex neural networks on this tabular
dataset.
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Fiaure 2. Comnarative ROC Curves across tested architectures.

These empirical findings provide a vital countarrative to the prevailing
assumption that deep learning architeetur are universally superior across all
medical data types [11, 12]. For highly structured, tabular morphometric datasets,
deep neural networks and ensemble trees exhibit a dangerous tendency to overfit.
Conversely, the margimaximization principle intrine to Support Vector
Machines, alongside the smooth probabilistic delineations characteristic of Logistic
Regression, demonstrated considerable resilience. This observation resonates with
contemporary research that prioritizes featlgorithm concordancerather than
computational intricacy [13, 14].

From a practical healthcare informatics perspective, parametric models offer a
distinct operational advantage: algorithmic transparency. They allow physicians to
mathematically interpret the precise weight epecific cellular features, thereby

fostering the clinical trust necessary for actual hospital integration. Furthermore,
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possessing a 0.976 sensitivity rate means these models can confidently serve as
highly reliable “firstpass" triage filters, instantlyprioritizing highrisk biopsy files
for immediate oncologist review while requiring negligible computational overhead.

CONCLUSION

The results of this comparative informatics study strongly challenge the common
industry idea that more complex algorithmways lead to better diagnostic results.

When dealing with highly structured, tabular medical data such as the morphometric
features derived from breast cancer biopsies simpler and mathematically transparent
algorithms often provide significantly safer amdore reliable solutions than intricate
"black-box" systems. Both Logistic Regression and RBAV achieved an optimal
balance in this study. They successfully maximized critical clinical sensitivity while
maintaining an exceptionally high capacity for-oftssample generalization.

Integrating these efficient and precise algorithms into national healthcare systems
offers a significant opportunity for transformation. This integration has the potential
to optimize clinical triage processesubstantially decrease diagnostic delays, and,
consequently, enhance patient survival rates by mitigating -figigative results.
Future research endeavors should concentrate on incorporating Explainable Al
(XAl) overlays to bolster physician confidenceloragside the external validation of
these models using multhiodal, realworld hospital data.
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d; =fod
and theg sadewm®ted by
rp="1(r).
Now we def ne the follow ng def n t ons:

Def

5

t[4<])nAE(o§)2rfr)oIferBf«telm$erxoem aatme fX,djc sspace
the set ofXodl lequdaidognsoh at S,

o) ={x 1x:d(x %) 7}

Def

5

f4dn XK (8.r)rocfl er ade ntse xe d aatmet()(,df): sspace
the set ofXodl lequiarl agttsoh atf s,

Cf(>g),r)={x i X:d(xx) =}

De f f 4dn AXEHUx)a)ef r ademnd erfdg) nata metr c s
(X,d) s the set Xoff @lqtufap of fupttsh eotf S,

C(f(%).r)={x Ix:d(x f(x)) .

f 44 n AZEE)o) ef radems erféy) nam metr c s
(X,d) s the set Xoff @lqufap of fupt tsh eotf S,

>

Def

5

C(f0x) ) ={x Ix:d(x f(x)) =}

t4])nA(2fc(>q§rf)colfe rgedensef(ed naa me(Xdc spac
s the set Xoff @lglufap offxpttsh aotf s,

Def

5

Cf(x),rf):{x I X:d (% %) :(}.
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The def n t ormBfx mfantdhea hep afixolsfedki Xalnld

r>o, s s m lar to thememetrccspace, [bhe boumda
pl ays an mportant rol e n determ n ng ts ¢
cons dered as a ¢ rcle, as foll ows:

Le(X,d)be a metr cClxprpafe.r ddenseaex,ed def ned
by
G (o) ={x IX:d(x %) 3.
3. MAI N RESULTS

I n th s sect on, we nNtroduce btrmet-mrogs eornvs g
funct ons. (Xd)beobdanets, cl space sl Q(x,rcwefd c ¢

c rcKe afm@o)-[0,0)beb-amet-preserv ng funct on.

Assume b-mat rt kefbdiXéX -¢opgd s denoted by

and the=f(d us

Now we def ne the follow ng def n t ons:

Def n ® onGElrdof radensexedb-atetr ¢Xspase

the set ofXodl lequaIrpnftdsogn fatnhcaet S,
Cb(x),rf):{xl'X:dS(X%) :rf}.

Def n ® enG@)rBof radensexedb-attetr c(Xspase
the set ofXodl lequa Irnftdsoxga fat nhcaet s,

Cl(xr)={xix:d (x%) .
Def n tA @nGgf(g).r)of racdems effxd m@mbametr c spac

(X,d) s the set Xoff @lgluapof dnofdfe)amnfc & at s,

1 ¥s

Co(1(%). 1) ={x Tx:d(x 1(x)) =}

Def n A onG(&(xd.r)of redens ef(gd rbtanetr c space
(X,d) s the set Xoff a@lqluaprof dnofsfk,Jamfe e a t s,

1 Ys
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G (f06).r)={x Ix:d(x f(x) =}

Def n A onO?(@gl,rE)of rgdeunsexedb-antet r c(X,8paxe
the set ofXodl lequaIrpnftdsogua fatnhcaet S,

C* (%, )={x ix:d (x%) =}.
Some compar sons of t heses nNot at ons ar e g \

Le(X,d)beb-ametr c¢ d$pXackXbeanansed fi,gxf 6 f xioXne
thens a f xTeldn paoddtt gfm,nttThee tfd exfefek(Td.d by

| &1 Fix(f),t hen t hCg(xa)arndd(é(s,),r)co nc de.
| &1 Fix(f),t hen t hOg()g,crf)arm@b(ef(%),rf)co nc de.
| f=r,,t hen t hCg(xa)andd(gs)co nc de.

| f=r, t hen thCé()g)pr)arm@?(egsrf)are co nc de.

= =4 4 -4 -2

| f btmetr ¢ prestry adagf fonadtbyn

f(x)=ax a>0,
forxidad),t hen t hog(xa) ard(xs,)are co nc de.

Exampllee(3,dlbe a usual metb-met(fwhl ohstlls calnsd ¢
space w tH(xykx-yend,=f1}tbe a un t c rch-e. Let
metr c presdifOm)afPfasnct on

f (x) =3x,

f orxidad).Then we get

and

Hence us ng the above def n t ons, we obta n
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Cb(XO’rf):Cb(O’B) ‘JTX I :d(x9 :}:
{xl' 0 [x-p =}3
:Exl' 0 ¥ =}3

£- 38,
C° (%, 1)=C"(0,1) :{x 0 :d (%9 }:

{xiD B<p=}1

$ud 1 |>4—f;-yﬁ

£11q

7330

G(f(x).r)=G(09 $x i :d(x9 ¥

{xiD |:x-p=}1

fxi0 =}

- 11,

G(f(%).1)=G(09 x 0:d(x0 %
£xi 0 [x-p P
b0 0 b=
£ 3B,
G (1) =C(0.3 £x 14, (x9 ¥

B 0 - p

bui 0 =

£- 11 .
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OZET

Bu -al ekxmada, it hal k a ualtarnatif dlasak ltanamdénagem | h a
don¢ktegr el ebilir termopl asti k vul kani zat (T
d°n¢kegmeg sénérl é elastomerler yerine, yer |l i
sunmakt ér . ¢tal exmeaeflkapanamegnmdalerdeal imelkea nri kv
analiz edilerek hedef ©°zellikl efTPGEPEY | pamé K
denenmi K ; ancak katmanlar arasé zayéf ader an
kat manl & EBRPVIynaxéya .g Bu yapé, homojen dajél e
ve dayaném sajlamékteér. | r¢n geliktirme sg¢ére
ar a- geometri si 3D tarama i1ile elde edilere
prototp | e r il e dojrulama yapeéel méktér. Ni hai t 3
ge-i |l mi ktir. Optimum TPV mal zeme ekstrg¢gzyon
y°nt emi ile kekillendirilmiktir. Mal zneme Kkar
yojunluk ve 9,1 g/ 10 dk akéek indeksi el de e
direnci, mat |l ek, su iticilik, temi zIl enebil i
benzer veya daha iyi ol duj u I @°rarlam¢e kmaedel iGe
cretime alénmék ve ticarilexktirilmiktir. |r¢
Bu proje sonucunda firmamézén ¢(r¢é¢n gaména ye
i se yeni bir el ast e presesi khovhloavrdrea dkdaez asna@re & fééd me
mal zeme gel i kKtir me, proses optimizasyg@gnu Ve
nitelijine sahiptir ve s¢grdegreglebilir, hafif
i¢ trim ¢ozimininergls t r i y e | uygul anabilirliJini kaneétl

Anahtar Kelimeler

TPV, Bagaj Havuzu, Tersine M¢{hendislik, Ternm
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DEVELOPMENT PROJECT OF 100% RECYCLABLE LIGHTWEIGHT
THERMOPLASTIC ELASTOMER -BASED AUTOMOTIVE TRUNK LINER
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ABSTRACT

In this study, a fully recyclable thermoplastic vulcanizate (FBP&9ed structure was developed

as an alternative to imported rubliEased trunk liners. The main oljee is to provide a
lightweight, costeffective, and locally producible solution to replace elastomeric materials with
limited recyclability. Within the scope of the study, the mechanical and surface performance of
benchmark products were first analyzediéfine target properties. Initially, a multilayer (TPE

TPQO TPE) structure was evaluated; however, due to poor interlayer adhesion and dimensional
instability at elevated temperatures, a transition was made to alsipgtel PV structure. This
configuraton provided improved form stability and mechanical integrity due to its
homogeneous phase distribution. A reverse engineering approach was applied during the
product development process. Vehicle geometries were obtained through 3D scanning and
converted mto CAD models. Prototypes were produced via 3D printing and validated on the
vehicle. Based on the finalized design, molds were manufactured and the production phase was
initiated. The optimized TPV material was produced in sheet form via extrusion apedsh
using thermoforming. Material characterization results showed 43 Shore D hardness, 1.07
g/cm3 density, and a melt flow index of 9.1 g/10 min. Performance tests demonstrated that
scratch resistance, gloss level, water repellency, cleanability, anudlaitity properties were
comparable or superior to benchmark products. The developed product has been
commercialized and magsoduced for 10 different vehicle models, with applications in both
domestic and international markets. As a result, the progecirttroduced a new trunk liner
product family and contributed to the compar
class and process kndwow. The study demonstrates the industrial applicability of a
sustainable, lightweight, and locally produeilalutomotive interior trim solution.

Keywords

TPV, Trunk Liner, Reverse Engineering, Thermoforming, Automotive Interior Trim
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THE EFFECT OF APPLIED LOAD ON THE TRIBOLOGICAL PERFORMANCE
OF POLYAMIDE 6.6 COMPOSITE REINFORCED WITH CAR BON FIBRE
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ABSTRACT

Carbon fibre (CF) reinforced polyamide 6.6 (PA6.6) composites have attracted increasing
attention as alternatives toetallic materials in tribological industrial applications due to their

low density, high specific strength, and good wear resistance. In this study, the tribological
performance of a 30 wt.% carbon fibre reinforced PA6.6 (PB6®GF) composite was
systemécally investigated to evaluate its potential for industrial use. Tribological experiments
were carried out using the pan-disc wear test method in accordance with ASTM G99
standards. In the experiments, cylindrical PABO&F pin specimens with a diateeof 6 mm

and a length of 50 mm were tested against an AISI 316L stainless steel disc. All wear tests were
conducted at a constant sliding speed of 1.0 m/s under varying normal loads of 50, 150, 200,
and 250 N. The coefficient of friction (CoF) was cantusly recorded using a load cell, while

the specific wear rate was calculated based on volumetric material loss. The results
demonstrated that the coefficient of friction gradually decreased with increasing applied load,
whereas the specific wear rat&d(B) showed a significant increase, particularly at higher load
levels. Optical microscopy analyses revealed that abrasive wear was the dominant mechanism
at low loads, while at higher loads, the formation of a transfer film led to a more stable wear
regime Furthermore, carbon fibre reinforcement enhanced theldeadng capacity of the

PAG6.6 matrix and contributed significantly to stabilizing the friction behaviour.

Keywords : Polyamide 6.6, Weatr, tribology, load, composite, friction.
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1. INTRODUCTI ON

Polymerbased composite materials have increasingly been preferred as alternatives to metals
in tribological applications in recent years, due to their low density, good mechanical properties,
and high corrosion resistance. Among these materials, polggmlymers, which belong to

the thermoplastics class, stand out because of their good wear resistance, impact strength, and
ease of processing (Blau, 2009; Friedrich & Schlarb, 2011). Polyamide 6.6 (PA6.6), in
particular, is widely used in weg@rone corponents such as gears, bushings, and sliding
bearings due to its high mechanical strength and thermal stability (Sinha et al., 2018). However,
the tribological performance of PA6.6 can be limited when used alone, depending on the applied
load and contactrpssure. With increasing load, the high pressure and temperature generated
in the contact zone can lead to increased plastic deformation of the polymer matrix, resulting
in higher wear rates (Lancaster, 1990). For this reason, the use of various reiafiscand
additives has become a common approach to improve the friction and wear behaviour of PA6.6.
Carbon fiber (CF) (Kunishima et al., 2021; Rydresh et al., 2020; Choudhari et al., 2021; Li et
al., 2009) and glass fiber reinforcements (Kunishima e2@21) are among the most effective
reinforcement materials for enhancing the mechanical strength anddogthg capacity of
polymer matrix composites. CF reinforcement, in particular, restricts the deformation of the
matrix phase and promotes a morganm distribution of applied loads, thereby significantly
improving tribological performance (Zhang et al., 2015). It has been reported in the literature
that carbon fibereinforced polyamide composites exhibit lower coefficients of friction and
more sthle wear behavior compared to neat polyamide (Unal et al., 2004; K&aogsis &
Friedrich, 1991). In tribological systems, the applied load and the resulting contact pressure
play a critical role in determining friction and wear mechanisms. Under lowclmaditions,
abrasive wear mechanisms are generally dominant, whereas with increasing load, the formation
of a transfer film on the counter surface is accelerated, leading to a more stable friction regime
(Blau, 2009). However, under high load and pressarglitions, interfacial damage between

the fiber and matrix, as well as thermal softening effects, may increase the wear rate (Friedrich
& Schlarb, 2011).

In this context, a detailed investigation of the CoF, wear rate, and surface morphology of carbon
fiberreinforced PA6.6 composites under different load and pressure conditions is of great
importance for understanding their potential in industrial tribological applications. Especially
in systems involving metabolymer contact, where low friction, stablear behaviour, and

long service life are required, PA6GF composites emerge as promising engineering
materials.
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https://covalomotion.com/product/a6-70-13- | https://covalomotion.com/product/spgearss-
695/ k-10-17-50-250/

Figure 1. Industrial gears manufactured from PATDEF polymer composite material

2. EXPERIMENTAL
2.1. Materials

The material used in the experiments was a 30wt.% cdrbareinforced polyamide 6.6
composite, supplied by DSM. The physical, mechanical and thermal properties of the composite
material are given below.

Table 1. Physical, mechanical and thermal properties of PA 6.6/30CF composite material

Properties Unit Value
Density glen? 1.27
Tensile strength MPa 230

Elongation at break % 2.8

Flexural strength MPa 343
Flexural modulus GPa 17.0
Melting of temperature °C 260

2.2. Test Methods

The tribological behaviour of the PA6I®CF composite wagavestigated using a pion-disc
wear test method. The experiments were conducted based on the ASTM G99 standard, and the
effect of applied load on the CoF and SWR was evaluated in detail.

187



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

In the tests, cylindrical PA6:BOCF composite pins with a diametdr6 mm and a length of

50 mm were used as the specimen. An AISI 316L stainless steel disc with a surface roughness
of Ra = 0.12 um was selected as the couf#tee material. Before each test, the disc surfaces
were cleaned with alcohol to remove any eomihants and ensure consistent surface
conditions. All experiments were carried out at a constant sliding speed of 1.0 m/s under
different applied loads of 50 N, 150 N, 200 N, and 250 N. The normal load was precisely applied
and maintained constant throwgh the test using a load cell integrated into the test device. The
friction force was also measured in the lateral direction using the same load cell, and the
coefficient of friction was calculated from these measurements. During the experiments, a data
acquisition system recorded 1000 data points per minute, allowingrésgitution monitoring

of Il nstantaneous <changes in the coefficient
calculated using the ratio of the measured friction force (Fs) ttiied normal load (Fn), as

given by the following equation:

H P
Here,

¢ d e n oQofe s ddandtes the frictional force in the direction of sliding (N), and Fn denotes
the applied load (N).

The SWRwas calculated based on the mass loss of the pin specimen before and after the test.
The masses of the specimens were measured using an analytical balance with a precision of
+0.1 mg. The measured mass loss was converted to volume loss using the dethsty o
composite material, and the SWR was determined using the following equation:

AV
W=r1
Here,
Ws represents the SWR (mmj/ Nm), oV represent

Fn represents the applied load (N), and L represents the total slidingcdigta).

Following the experiments, the wear surfaces of the pin and disc specimens were examined
using an optical microscope to assess the wear mechanisms. The tribological performance of
the PA6.630CF composite under different load conditions was déteanby evaluating the

CoF, SWR and surface morphology data together.

3. RESULTS AND DISCUSSION

Figures 2, 3, 4 and 5 show t@eF versus sliding distance for the PAGBCF composite at a
sliding speed of 1.0 m/s under different loads (50, 150, 200 and 250 N). At low load (50 N), the
CoF reached a steady state after approximately 1,700 m of sliding distance. Increasing the
applied bad to 150 N reduced this distance to approximately 1,500 m. Under higher loads of
200 N and 250 N, it was observed that @@ reached a steaebtate regime over a much
shorter distance, at approximately 300 m of sliding distance. The significant oeduncthe
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sliding distance required to reach the stesigdye friction regime as the load increases can be
attributed to the accelerated formation of the transfer film on the contact surfaces and the
stabilisation of the actual contact area within a shaitee. As the load increases, the rise in
contact pressure contributes to the polyamide matrix undergoing plastic deformation more
rapidly and the formation of a more continuous and homogeneous transfer layer on the opposing
surface. This leads to a rapieduction in fluctuations in th€oF and enables the system to
reach a steady state earlier.
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Figure 2. Variation in th€oF of the PA6.630CF polymer composite at a sliding speed of 1.0 m/s and
a load of 100 N.
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Figure 3. Variation in th€oF of the PA6.630CF polymer composite at a sliding speed of 1.0 m/s and
a load of 150 N.
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Figure 4 .Variation in theCoF of the PA6.630CF polymer composite at a sliding speed of 1.0 m/s and

a load of 200 N.
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Figure 5.Variation in theCoF of the PA6.630CF polymer composite at a sliding speed of 1.0 m/s and

a load of 250 N.
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Figure 6. Variation in the CoF of the PABCF polymer composite as a function of applied load (Speed:
1.0 m/s)

Figure 6 shows the variation tife CoF for the PA6IBOCF composite at a sliding speed of

1.0 m/s under different normal loads (50, 150, 200, and 250 N). At the lowest load of 50 N, the
CoF was measured as 0.30. When the load was increased to 150 N, the CoF decreased slightly
to 0.29, epresenting a reduction of approximately 3.3% compared to the 50 N condition. At
200 N, the CoF further decreased to 0.28, corresponding to a reduction of about 6.7% from the
initial load. Under the highest load of 250 N, the CoF decreased to 0.27,imgli@atoverall
decrease of roughly 10% compared to the 50 N case. This gradual decrease in the CoF with
increasing normal load can be attributed to the contact mechanics and tribological behaviour of
the PA6.630CF composite. As the load increases, thecmaact area between the composite

and the counteface expands, leading to a more uniform pressure distribution and reducing
local stress concentrations. This effect allows masperities on the polymer surface to flatten
more effectively during sligig, contributing to a more stable friction regime.

Figure 7 shows the variation of the SWR of the PABDEF composite at a sliding speed of
1.0 m/s under different normal loads (50, 150, 200, and 250 N). At the lowest load of 50 N, the

SWRwasmeasured as 0.98 I 10 mmj / Nm. When t he
rate rose to 7.91 I 10 mmj / Nm, representin
the i nitial | oad. At 200 N, the SWRndhguo t her
an increase of about 1176% relative to the 50 N condition. Under the highest load of 250 N, the
wear rate reached 39.8 I 10 mmj / Nm, indica

compared to the lowest load. These results demonstattéhth applied load has a dominant
effect on the wear behaviour of the PAG®CF composite. As the load increases, the real
contact area and contact pressure with the codaterrise, accelerating plastic deformation in
the polyamide matrix and reducimgpar resistance. At medium and high load levels, the limited

191



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

load-carrying capacity of the matrix facilitates the initiation and propagation of roreieks.
Additionally, under high loads, stress concentrations at the-riilaérix interface can cause
interfacial separation and fiber breakage. The exposed or broken carbon fiber fragments act as
third-body abrasives during sliding, further increasing the wear and contributing to the sharp
rise in the specific wear rate.

50

39,50

y=50926%2 - 13 358x + 10,493

30 RZ = 0,9538 /
A; &0

Specific wear rate x10% [ mmé/Nm )
[
h

a0 150 200 250
Applied loads (N)

Figure 7. Variation in the SWR dhe PA630CF polymer composite as a function of applied load
(Speed: 1.0 m/s)

Figures 8 and 9 show optical microscope images of the wear surface morphologies of the
PA6.630CF composite pin samples and the steel disc cotates at a sliding speed oD1.

m/s under different normal loads (50, 150, 200, and 250 N). These figures clearly illustrate how
the wear mechanisms and the formation of transfer films evolve on both the pin and disc
surfaces as the load increadgader the low load condition of 50 (figures 8a and 9a), the

pin wear surface exhibits distinct wide and deep abrasive scratches, while the steel disc surface
shows polymer and carbon fiber wear particles detached from the pin adhered to the surface.
This indicates that at low load, the tséer film has not yet stabilized, and the system is
dominated by a twody or threebody abrasive wear mechanism.
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a) F1=50N b) F2=150 N

c) F3=200N d) F4=250 N

Figure 8. Optical microscope images of the wear surfaces of3RE& polymercomposite pin
specimens at a sliding speed of 1.0 m/s and under different loads (50, 150, 200 and 250 N)

Upon increasing the applied load to 150 N (Figure 8b and Figure 9b), it was observed that the
wear marks on the pin surface became shallower angressunced, whilst a relatively thick
transfer film layer began to form on the steel disc surface. This film layer contributes to the
transition of the friction behaviour to a more stable regime by limiting direct contact between
the pin and the disc. Alis load level, it can be said that the carbon fibre reinforcement reduces
the severity of the wear marks by limiting matrix deformation. Under higher loads of 200 N
(Figure 8c and Figure 9c), it is observed that the wear surface of the pin specimets exhibi
distinctly smoother and more homogeneous morphology. On the steel disc surface, both thin
and, in places, partially thick transfer film regions were observed to coexist. This indicates that,
with increasing load, the transfer film forms more rapigigt the film thickness may vary
locally during sliding. The loatiearing role of the carbon fibres enhances surface stability by
preventing excessive plastic deformation of the matrix.
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g) F3= 200N h) F4= 250N

Figure 9.0Optical microscope images of the wear surfaces of the stainless steel disc i3aFHsteel
disc pair operating at a sliding speed of 1.0 m/s and under different loads (50, 150, 200 and 250 N)

Under the highest load of 250 N (Figures 8d and 9d)pitheurface appeared much smoother

and largely free of scratches, while the steel disc surface developed a thin, continuous, and
uniform transfer film. The presence of this thin film helps minimize direct rpelgimer
contact, contributing to a lower amdore stable coefficient of friction. However, under high

load conditions, the increased contact pressure and temperature cause the film to spread more
widely across the surface, although it remains thin. From a microstructural perspective, the 30%
carbon fber reinforcement plays a critical role by significantly enhancing the-daaging
capacity of the PA6 matrix. The fibers limit excessive deformation of the matrix under higher
loads, promote a more uniform distribution of stresses during wear, anecthdstabilize the
formation of the transfer film. At the same time, localized damage at theniideix interface

under high loads can contribute to an increase in the overall wear volume. Taken together,
Figures 8 and 9 clearly show that, with inciegdoad, the wear mechanism in the P2@CF
composite evolves from an abrasteminated regime to a transfer fileontrolled, more

stable wear regime. The carbon fiber reinforcement emerges as a key microstructural element
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that enhances surface stabiityn d r egul ates the compositeds ¢tr
transition

4. CONCLUSION

1. Inthe PAB30CF composite, increasing the applied load caused a gradual decrease in the
coefficient of friction, while the SWR increased significantly, especiaityen high loads.

2. The 30% carbon fiber reinforcement enhanced the mechanical strength of the PA6 matrix,
leading to more stable friction behaviour. The carbon fibers limited wear under low and medium
loads and supported the formation of a transfer filmeuihigh loads.

3. Due to its low CoF and stable tribological performance, the-B&®F composite can
serve as a potential alternative to metal materials for-pseare industrial gears.

4.  The results indicate that the PB6CF composite can be safely used in sliding bearings,
bushings, and various tribological systems involving polymetal contact.

5.  With advantages such as low density, reduced energy losses, and longer service-life, PA6
30CF composites are considered environmentally friendly and sustainable tribological
materials.
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ABSTRACT

Polyoxymethylene (POM) is widely used in gear, bearing, and rolling element applications due
to its high mechanical strength, stiffness, toughness, and dimensional stability, along with its
favorable tribological properties such as a low coefficient of friction and good wear resistance.
Its high chemical resistance and low moisture absorption maketitysarly suitable for
mechanisms requiring tight tolerances and consistent performance. However, the reduction in
mechanical properties at elevated temperatures and its tendency to exhibit creep under sustained
high loads constitute the main limitationsROM. Therefore, its tribological performance is
strongly dependent on operating parameters such as load, sliding speed, and temperature. In
this study, the tribological behaviour of a 25 wt.% glass fiber reinforced POM copolymer
composite (POMC/25GF) wa investigated using the pon-disc wear test method in
accordance with ASTM G99 standards. An AISI 316L stainless steel disc was used as the
counterface material. The coefficient of friction (COF) and specific wear rate (SWR) of the
POM-C composite werevaluated under a constant load of 100 N and sliding speeds ranging
from 1 to 4 m/s. The results indicated that both the coefficient of friction and the specific wear
rate decreased with increasing sliding speed. The lowest specific wear rate andeaoeffici
friction were obtained at a sliding speed of 4.0 m/s under a 100 N load. The worn surfaces of
both the pin and the steel disc were examined using optical microscopy. The findings
demonstrated that the PO®I25GF composite exhibits improved wear semice and lower

friction performance at higher sliding speeds.

Keywords : Polyoxymethylene, POM, Wear, glass fiber, friction, composite.
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1.INTRODUCTION

Polymeric materials are widely used in modern engineering applications due to their low
density, ease of processing, corrosion resistance, and tunable properties. Thermoplastic
polymers, in particular, stand out because of their recyclability and broad range of applications.
However, polymers also have some drawbacks, such as low elastidusjotionited
temperature resistance, and, in some cases, poor wear resistaneaxyRogthylene (POM),

as an engineering plastic, occupies a bal an
(cost/performance/processability). Owing to its high crlisil, POM exhibits excellent
mechanical and tribological properties. Its density is approximately 1.42 g/cm3, its glass
transition temperature (Tg) is arow@d °C, and its melting temperature (Tm) is about 176 °C.
Thanks to its high stiffness, good dinrsional stability, low friction coefficient, low moisture
absorption, and high chemical resistance, POM is widely used in gears, bearings, bushings,
automotive components, and precision mechanical parts (see Figure 1).

Figure 1.Bearing, housing and gear components made from POM polymer

Various reinforcing agents and fillers are used to improve the limited mechanical and
tribological properties of polymers. Fiber reinforcements such as glass fiber, carbon fiber (Xu
et al., 2014)aramid fiber (Fakhar et al., 2013; Luo et al., 2015), basalt fiber (Bazan et al., 2021),
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and natural fibers (Nirmal et al., 2015) significantly enhance the strength and stiffness of
composite materials. On the other hand, particulate fillers such a&dalm), calcite, glass
beads, and metal powders (He et al., 2010) are mainly used to reduce cost and improve
dimensional stability. In addition, solid lubricants such as polytetrafluoroethylene (PTFE)
(Franklin et al., 2003; Zhang et al., 2022; Gao et28l11; Samyn et al., 2009; Fakhar et al.,
2013; Bazan et al., 2021), graphite, wax, and molybdenum disulfide (Wang et al., 2008) are
effective in reducing the coefficient of friction. Nasoale additives such as carbon nanotubes
(CNT) (Yousif et al., 206), alumina (Sun et al., 2008), and silicon dioxide (Xu et al., 2014)
further improve mechanical, electrical, and tribological performance. Although composites
produced with these additives offer higarformance advantages, they may also introduce
certaindrawbacks, such as interfacial incompatibility, processing difficulties, increased cost,
and challenges in achieving homogeneous dispersion. There are numerous studies in the
literature investigating the effect of sliding speed on tribological behaviaur.example,
Lancaster (1972) reported that the wear behavior of polymers depends on contact conditions.
Friedrich et al. (2005) showed that, in fitkeinforced polymer composites, increasing sliding
speed can reduce the coefficient of friction by acedileyg the formation of a transfer film.
Similarly, Bijwe et al. (2008) observed a decrease in wear rate with increasing speed-in POM
based composites, attributing this to the formation of a protective surface film. However, some
studies have also emphagsizéhat at higher speeds, wear mechanisms may change due to
temperature rise. This indicates that tribological performance exhibits a complex behaviour
depending on speed, load, and material structure. A review of the existing literature reveals that
systenatic studies on the tribological behaviour of glass fiteémforced POM composites at
different sliding speeds, particularly under constant load conditions, are limited.

In this study, to address this gap in the literature, the tribological performaac2Sot.%

glass fibefreinforced POMC composite was systematically investigated under a constant load

of 100 N over a wide range of sliding speeds (1.0, 2.0, 3.0, and 4.0 m/s). Wear tests were carried
out using a pirondisc configuration under dry sligj conditions in accordance with the
ASTM G99 standard. An AISI 316L stainless steel disc was used as the dagpteraterial.

The effects of sliding speed were evaluated by analyzing both the coefficient of friction and the
specific wear rate, and theow surfaces were further examined using an optical microscope to
interpret the wear mechanisms.

2.EXPERIMENTAL
2.1.Materials

In the experiments, a polyoxymethylene copolymer composite reinforced with 25wt.% glass
fibore was used. The physical, mechaniaad thermal properties of the POM copolymer
composite are given in Table 1 below.
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Table 1. Physical, mechanical and thermal properties of the -BQABIGF composite material
(https://[dmcplastik.com/wpontent/uploads/2022/10/PONFGF25NaturatDMC.pdf)

Properties Unit Value
Density glen? 1.59
Tensile strength MPa 51
Tensile Modulus MPa 4200
Elongation at break % 12
Flexural strength MPa 88
Flexural modulus GPa 4100
Melting of temperature °C 170

2.2.Test Methods

The tribological performance of the POGM25GF composite was determined under dry sliding
conditions using a pton-disc wear tester. The experiments were carried out in accordance with
the ASTM G99 standard. The COF and SWR of the RObbmposite were irestigated as a
function of sliding speed. In the wear tests, a cylindrical pin with a diameter of 6 mm and a
length of 50 mm was used as the specimen. An AISI 316L stainless steel disc with a surface
roughness of approximately Ra = 0.102 pm was selectdteaunteface material. Before

each test, the disc surfaces were cleaned with alcohol to remove oil, dust, and other
contaminants, ensuring consistent initial surface conditions. The experiments were conducted
under a constant load of 100 N at fourf@iént sliding speeds (1.0, 2.0, 3.0, and 4.0 m/s). A

|l oad cell was used to measure the friction
calculated as the ratio of the friction force (Fs) to the applied normal load (Fn).
o= 2

The specific wearate was determined based on the mass loss of the pin samples before and
after testing. The mass loss, measured using an analytical balance with a precision of +0.1 mg,
was converted into volume | oss usingwiashe mat
then calculated by dividing the volume loss by the applied normal load and the total sliding
distance.
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AV

W, =
Fn-L

After the tests, both the pin and disc surfaces were examined under an optical microscope to
analyze their surface morphologies. Thieological behaviour of the POM/25GF composite

under different sliding speeds was evaluated by considering the coefficient of friction, specific
wear rate, and microstructural observations together.

3.RESULTS AND DISCUSSION

Figure 2 shows the variatioof the COF of the PONC/25GF composite as a function of sliding
speed under a load of 100 N. As seen in the figure, the COF decreases significantly with
increasing sliding speed. According to the results obtained from the wear tests, the COF was
measure@s 0.38 at a sliding speed of 1.0 m/s. This value decreased noticeably with increasing
speed. At 2.0 m/s, the COF decreased to 0.28, corresponding to a reduction of approximately
26.3%. At a sliding speed of 3.0 m/s, it decreased to 0.23, showing asadicbout 39.5%,

while at 4.0 m/s, it reached approximately 0.18, representing a total decrease of 52.6%. This
decreasing trend can be attributed to the formation of a more stable transfer film on the contact
surface with increasing sliding speed, whieduces direct contact between the surfaces.

0.5

0,35 BF=100N, v=1.0m/s

=
e

=
Lt

0,23

=
%]

Coefficient of friction (p)

=
-

0.0 -

1.0 2.0 3.0
Sliding speed (m/s)

Figure 2. Variation in the COF of the PO®M25GF composite under a 100 N load at different sliding
speeds

Figure 3 shows the variation of the SWR of the ROM5GF composite as a function of sliding

speed under a load of 100 N. A careful examination of the figure reveals that the SWR decreases
as the sliding speed increases. When the values are evaluated, the SWR was measured as 1.79
I 1®m3/Nm at a sliding speed of 1.0 m/s. This value decreagbdnereasing speed. At

201



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

2.0 m/ s, t he SWR d%®nmd/Nna, sardsponding td a teBuctibn ofl 0
approxi mately 35. 8%. At 3.0 fmns/Nm, showinfart her
reduction of 58. 1%, an dmn@im,deprégentiny stotal decreasee a ¢ h
of 63.1%. This reduction in SWR can be explained by the formation of a protective transfer

film on the surface with increasing sliding speed, which limits wear and promotes a more
uniform distribution of the applied load.
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Figure 3. Variation in the SWR of the POM25GF composite under a 100 N load at different sliding
speeds
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c) V2=2.0m/s ( ' d)

9) Va= 4.0 m/s ' D) |

Figure 4. Optical microscope images of B@M-C/25GF composite under a 100 N load and a sliding
speed of 4 m/s: a) the pin under a 50 N load, b) the disc surface, c) the pin under a 150 N load, d) the
disc surface, e) the pin under a 200 N load, and f) the disc wear surface g) the pin under@aa50

and h) the disc wear surface
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Figure 4 presents the optical images of the worn surfaces of both the pin and the disc for the
POM-C/25GF composite under a load of 100 N at different sliding speeds. Figure 4 (a,b) show
the wear surfaces at 1.0 m/s,exh (a) represents the pin surface and (b) the steel disc surface.
Similarly, Figure 4 (c,d) correspond to a sliding speed of 2.0 m/s, where (c) shows the pin
surface and (d) the disc surface. Figures 4 (e,f) illustrate the wear surfaces at 3.0 mg3, with (
representing the pin and (f) the disc, while Figures 4 (g,h) show the corresponding surfaces at
4.0 m/s, where (g) is the pin and (h) is the steel disc. When the pin wear surfaces in Figures 4
(a,c,e,g) are examined, pronounced wear tracks are obsari@aer sliding speeds. As the
sliding speed increases, the pin surfaces become smoother. On the other hand, examination of
the steel disc surfaces in Figures 4 (b,d,f,h) reveals that, with increasing sliding speed (from 1.0
m/s to 4.0 m/s), a more contious and uniform transfer film forms on the disc surface. This
film formation contributes to the reduction of both the COF (see Figure 2) and the SWR (see
Figure 3). It is also well established in the literature that a thin and stable transfer film layer
reduces direct contact between the steel disc and the polymer, thereby lowering the COF and
decreasing the SWR.

CONCLUSIONS

1. As the sliding speed increased from 1.0 m/s to 4.0 m/s, a continuous decrease in the
COF was observed, with a maximum reduction of approximately 52.6%. This indicates that the
contact conditions improve with increasing speed.

2. With increasing sliding speed more stable transfer film formed on the contact surface.
This film reduced direct contact between the surfaces, leading to a lower COF.
3. The SWR also decreased significantly with increasing speed, showing a reduction of

about 63.1% at 4.0 m/s compartedl.0 m/s. This result indicates that the wear resistance of
the material improves at higher speeds.

4. The decrease in wear rate is associated with the formation of a protective film layer on
the surface and a more uniform distribution of the applied emponstrating that tribological
performance improves with increasing sliding speed.

5. The obtained findings suggest that such materials can be effectively used apé&éagh
engineering applications, such as gear systems, bearings, and sliding contacterdsip

6. The reduction in both the COF and SWR contributes to lower energy losses, higher
system efficiency, extended component lifetime, and reduced maintenance requirements,
offering significant advantages for sustainable engineering solutions.
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ABSTRACT

Honeycomb sandwich panels are widely used in the design of satellites and spacecraft to
minimize launch costs and increase structural efficiency. The analysis of embedded connection
elements, or inserts, used fardware mounting and panel connections in these structures is a
critical engineering problem. In current industrial applications, structural verification of
thousands of inserts is often conducted manually or withmtegrated tools, leading to process
bottlenecks, human errors, and overly conservative designs due to risk aversion. The developed
software architecture processes lasgale finite element data from the MSC Nastran solver
using customized text mining and topological matching algorithm&das analytical failure
mechanisms defined in European Cooperation for Space Standardization (ECSS) standards,
Margin of Safety calculations are performed fully automatically for each connection point. The
optimization module algorithmically derives a gaé insert geometry satisfying mass and
strength constraints, reducing analysis effort from days to seconds while eliminating artificial
safety stock.

Keywords: Satellite Structural Analysis, Honeycomb Sandwich Panels, Inserts, Structural
Optimization, Deign Automation
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1. INTRODUCTION

The design processes of satellites and spacecraft are subject to strict constraints due to launch
costs, orbital conditions, and operational life expectations [1,2]. The high cost per kilogram of
payload delivered torbit necessitates the production of the lowest mass solutions without
compromising structural reliability [3,4]. Honeycomb sandwich panels, which offer high
specific strength and stiffness, are the standard structural solution in the aerospace industry
[5,6]. As Allen [5] demonstrated, this construction achieves a-oqeadratic increase in
bending stiffness relative to a monolithic plate at negligible mass penalty, making it uniquely
efficient for space structures. However, the thin face sheets (tyficzlly.0 mm) and the low

local crushing resistance of the honeycomb core make the direct use of conventional threaded
fasteners physically impossible [5,6,7]. Inserts become mandatory to safely distribute high
intensity point loads across the panel's coré face sheets [8,9].

The design and analysis of inserts must be conducted in accordance with th&-HBS®-

22A Insert Design Handbook [8] and EC&31B-32-23A Margin of Safety Guidelines [10].
Despite these standards, the current lack of automatiadustrial analysis processes leads to
overly conservative designs to avoid manual calculation thekebynegatively affecting the

mass budget [11]. Typical telecommunication satellites harbour hundreds or even thousands of
inserts [1,2], creating imnmse verification workloads for structural teams. Although
experimental [12,13] and numerical [14,15] studies on insert mechanics are available in the
literature, an integrated, fully automated software tool that bridges finite element (FE) solver
outputs drectly to ECSScompliant Margin of Safety (MoS) calculations has not been reported
previously.

The developed software automates the structural analysis and verification processes by
establishing an automated data bridge between macroscopic finite eteiventoutputs and
microscopic analytical verification methods. It eliminates the dependency on manual data
transfer, mitigates artificial weight increases, and drastically shortens engineering cycles.

2. SOFTWARE ARCHITECTURE AND FINITE ELEMENT DATA INTEG RATION

The software is developed entirely in Python, adopting the GBjeented Programming

(OOP) paradigm to ensure modularity, maintainability, and scalability. The system is
decomposed into functionally isolated layers: a data ingestion and passngadopological
correlation engine, a computational kernel, and an optimization and reporting module. This
architectural separation allows each subsystem to be independently tested and extended without
disrupting the remaining pipeline, which is a cali property in verification tools where
auditability and traceability are mandatory [16].

2.1. Parsing of MSC Nastran Files

The primary data sources for the software are the MSC Nastran Bulk Data File (.bdf) and the
Punch output file (.pch). The .bfife encodes the complete finite element model topology,
including node coordinates, element connectivity, material properties, and boundary conditions.
The .pch file stores the solver's condensed force and displacement outputs for each load case.
Due to he size and unstructured nature of these files, a custom text mining engine based on
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compiled regular expressions is employed [17]. The parser dynamically identifies and extracts
node identifiers, spatial coordinates (X, y, z), and nodal force vectof& F, F, Mx, My,

M_] without loading the entire file into memory, ensuring computational feasibility for-large
scale models.

2.2. Topological Matching and Coordinate Transformation

A central engineering challenge is disambiguation the global finikeegiecoordinate system
from the local coordinate frame of each insert. The software builds a hashasegpreverse
lookup structure that maps thrdenensional node coordinates to insert identifiers, yielding
O(1) averagease retrieval complexity regaedks of model size.

Once the correct node-insert association is established, the extracted global force and
moment vectors are projected into the local insert coordinate system through orthogonal 3x3
rotation matrices R, such that the local force veEtdocal is obtained from F_global via the
matrix product F_local = R - F_global. This transformation is executed for every insert across
all load cases. An envelope analysis then automatically isolates the critical loading scenario per
insert by evaluatinghe resultant force magnitude across the full set of egtasc, sinusoidal,
random vibration, and thermoelastic load cases, retaining only the governing vector F_c for
downstream margin of safety calculations. This automated critical load identifieéitinates

the manual spreadsheet comparisons that constitute a significant portion of the traditional
verification effort.

3. ECSSBASED MARGIN OF SAFETY (MOS) CALCULATION CORE

The computational kernel implements the complete set of analytical fadumeulations
prescribed by ECSE&-HB-32-22A, evaluating each insert against the following independent
failure modes: core shear rupture at the potting interface, face sheet wrinkling uptierein
compression, insert putlut under axial loading, and comkd inplane and oubf-plane
loading via a quadratic interaction criterion. For each mode, allowable loads are derived from
closedform analytical expressions incorporating panel geometry, core and face sheet material
properties, effective potting geomgtrand thermal knockdown coefficients for orbital
environments [8,19]. The kernel operates on the critical load veet@rdvided by the
topological engine and evaluates the universal margin of safety expression. This expression is
evaluated separatelyrfeach failure mode, yielding a MoS value for each mode, insert, and
load case, in strict compliance with ECSS structural integrity requirements [10,18]. The hybrid
verification methodology additionally couples these analytical formulations with empirical
allowable values from physical coupon test data [12,13,15], providing a calibrated pathway that
is both standardompliant and experimentally grounded.

4. MASS OPTIMIZATION FOR DESIGN IMPROVEMENT

A fundamental finding in industrial insert analysisthgt conventional manual verification
processes systematically produce overly conservative designs [11]. Engineers, lacking
automated verification tools, tend to select insert configurations with large safety margins to
avoid recalculation risk, inadvertdy inflating the panel mass budget. The optimization
module of the developed software addresses this phenomenon through a deterministic,
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constrairkdriven framework that replaces subjective engineering judgment with a rigorous
algorithmic selection procss

4.1. Optimization Problem Formulation

The optimization objective is to imix)acroes ze t h
all N insert locations on the panel, where mi is the mass of the selected insert at location i and

Xi is a binary selewn variable. The solution is subject to two hard constraints enforced
simultaneously. The structural integrity constraint requires anegative margin of safety

(MoS O 0) for every insert, across alic | oad
compatibility constraint additionally enforces that the selected insert height does not exceed the
local panel thickness, ensuring physical installability [8].

4.2. DuatMode Optimization Architecture

Optimization in flightcertified aerospace hardwaise strictly governed by certifiability and
determinism requirements. Stochastic regaristic methods such as genetic algorithms or
simulated annealing are deliberately excluded [21], as thekdatarministic convergence
behavior is incompatible with ¢htraceability requirements of space qualification processes
[16]. Instead, the software implements a fully deterministic framework that offers two
complementary operational modes, configurable by the analyst at each insert location.

In the bycalculationmode, the algorithm searches for the optimal insert configuration from
two candidate sources. The first source is aqouaified standard catalog: the catalog is sorted

in ascending mass order, and the algorithm selects the lightest entry that simsljeset@iies

the geometric compatibility and structural integrity constraints for location i [8,11]. The second
source is an analytically generated insert: when no suitable catalog entry exists or when a tighter
mass target is pursued, the algorithm penfo a multiparameter nested iteration over the
insert's dimensional parameters (outer diameter, insert height, face sheet thickness, and core
type), computing the allowable loads analytically via the EESE-32-22A formulations [8]

at each step and setang the minimurrmass configuration that satisfies all constraints.

In the parameteiteration mode, the analyst designates one or more geometric or material
parameters for systematic exploration. The algorithm iterates over the specified parameter
space,collecting all feasible alternatives and presenting them to the analyst through an
interactive selection dialog. This mode is particularly valuable for design trade studies, where
the engineer seeks to understand the sensitivity of structural compliehoeaas to individual
design variables such as core density or flange dimensions [14,15].

Both modes evaluate each candidate against the complete constraint set (all load cases, all
failure modes, geometric installability) using the same MoS kernel dedcibSection 3,
ensuring full consistency between the analysis and optimization phases.

4.3. Catalog Structure and Parameter Space

The standard insert catalog is structured as a multidimensional parameter space spanning insert
type, outer diameter, insdneight, thread size, core type, and material grade [8]. Each entry
carries its associated mass and@mputed allowable load data. In the analytical generation
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mode, the allowable loads are computed on the fly using the dlosadECSS expressions

[8], enabling the optimizer to explore configurations beyond the discrete catalog while
maintaining full compliance with the qualification standard. For panels with spatially varying
core thickness or face sheet layup [5,6], zepecific allowable values anghnel thickness
bounds are automatically applied, enabling georrairgtre optimization across heterogeneous
panel configurations without manual partitioning by the analyst.

5. CASE STUDY AND FINDINGS

The software was validated through a-edhle structwal analysis and optimization campaign
conducted on the +Y Equipment Panel of a Geostationary Earth Orbit (GEO) communication
satellite. This panel represents a structurally representative and industrially relevant test case,
as it accommodates six electiomnits with a combined mass of 200 kg, generating a-high
density, highload insert population that exercises all modules of the developed software
simultaneously.

5.1. Reference Configuration and Analysis Scope

The reference panel is a standard aluminomeycomb sandwich structure. The insert
population consists of 249 fully potted inserts distributed across the panel surface, each
subjected to a unique combination of qestsitic, sinusoidal, random vibration, and
thermoelastic load cases derived frdma satellite’'s mission load envelope [1,2,4]. The baseline
configuration was sized using conventional manual methods, resulting in a population of
conservatively selected inserts with large,-noform margins of safety.

The software ingested the full M3@stran .bdf model and the corresponding .pch output files,
performed topological matching for all 249 insert nodes, executed the coordinate
transformation pipeline, and completed the envelope analysis to identify the governing load
vector at each locatio The entire data integration phase concluded in under 45 seconds,
compared to the approximately 24 hours required by the conventional manual process for an
equivalent scope.

5.2. Margin of Safety Distribution: Baseline vs. Optimized

The MoS evaluation ahe baseline configuration revealed a widely dispersed safety margin
di stribution spanning the range 10.1 O MoS
baseline confirmed that certain manually selected inserts were, in fact, structurally non
comgdiant [10,18], a finding that would have remained undetected under the conventional non
integrated verification workflow. At the other extreme, margins exceeding 60 indicated severe
overdesign at numerous locations [I&kulting inunnecessary mass.

Following application of the deterministic optimization module, the MoS distribution

converged to the structurally compliantand madsf i ci ent range 0 O MoS

that every insert in the optimized configuration satisfies the ECSS structugaitintereshold
[10,18] while carrying no unnecessary mass reserve.

5.3. Mass Reduction Results
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The optimization module reduced the total insert assembly mass from 1.10 kg to 0.82 kg,
yielding a net mass saving of 0.28 kg, corresponding to a 25€ddetion per single panel. In

the context of satellite mass budgets, where every gram of structural hardware directly offsets
payload or propellant capacity {B], a reduction of this magnitude on a single panel is highly
significant. Extrapolated acreghe full complement of panels in a typical GEO platform, the
aggregate mass savings potential is substantial.

5.4. Verification Accuracy and Calibration

A critical aspect of the validation campaign was the quantification of prediction accuracy
against pigsical test data [12,13,15]. The integration of ldgake correction factors, which
account for the differing structural response characteristics of -gta, sinusoidal, and
random vibration load types [2,4], eliminated up to 150% of the-oweservéism present in

the uncalibrated baseline formulations. The calibrated kernel reduced the margin of error
against coupoievel pullout test data [12,13] to a bandwidth of IIGk&%, which is within the
accepted engineering tolerance for preliminary andlddtdesign phases in space structures.

5.5. Operational Efficiency

Table 1 summarises the comparison between conventional manual analysis and the automated
software pipeline across the key performance metrics of the case study.

Table 1.Performance Comparison: Manual vs. Automated Analysis

Metric Manual Software
Analysis duration ~24 hours 45 seconds
Insert population 249 249
Baseline mass 1.10 kg o}
Optimized mass o} 0.82 kg
Mass reduction 0 25.45%
MoS range (baseline) T0.1 063¥dS O
MoS range (optimized) 0 O MoS O ©

6. CONCLUSION AND FUTURE WORK

This paper presented an autonomous software platform for the structural verification and mass
optimization of inserts in satellite honeycomb sandwich panels. The sgsteblishes a fully

digital, endto-end pipeline from largscale finite element solver outputs to EG&Bnpliant

margin of safety evaluations [8,10] and catadisiyen optimal insert selection, eliminating
manual data transfer, subjective design decisiand process bottlenecks that characterize
current industrial practice.

A case study conducted on a GEO communication satellite panel with 249 inserts demonstrated
the platform's practical impact across three dimensions. First, structural fidelity waseahp
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the automated verification revealed both fwompliant inserts that had gone undetected in the
manual baseline and locations of severe -alesign, neither of which would have been
systematically identified without the integrated analysis pipe$eeond, mass efficiency was
achieved: the deterministic optimization module reduced the total insert assembly mass by
25.45% (0.28 kg) on a single panel without violating any ECSS structural safety threshold
[10,18]. Third, engineering cycle time was trimmed: the complete analysis and optimization
workflow was executed in 45 seconds, compressing a process that previously required
approximately 24 hours of manual effort. Taken together, these results confirm that the platform
directly addresses the twoost critical constraints in satellite structural design: mass budget
and nonrecurring engineering cost {13].

The calibrated hybrid verification methodology, which couples EEF8-32-22A analytical
formulations [8] with empirical test data throughdegpe correction factors [12,13], reduced
the prediction error against physical coupon test results to & 1B¥obandwidth, validating
the analytical kernel for use in both preliminary and detailed design phases [10,3].

6.1. Future Work

Severaldevelopment trajectories have been identified to extend the platform's capabilities and
applicability.

The next immediate step is to integrate topology optimization modules for additive
manufacturing processes. Current insert geometries are constrairgdntard catalog
configurations driven by conventional machining and potting processes [8]. Coupling the
optimization engine with a topology optimization solver would enable the algorithmic
generation of insert geometries specifically tailored to the llm@ path and panel zone,
potentially yielding mass reductions beyond the limits imposed by cataleed selection.
Additive manufacturing removes the geometric constraints of subtractive processes, making
this integration a higlvalue development diraon for nextgeneration satellite structures.

A second trajectory involves the development of machine leaasaigted predictive models

for insert allowable loads. The current kernel computes allowable values deterministically from
analytical formulatios with empirical correction factors [8]. Training a regression model on a
curated dataset of physical pollit and shear test results [12,13] would enable the kernel to
predict allowable loads for novel insgranel combinations not covered by existingdizok
formulations, extending the platform's applicability to fsdandard configurations.

Finally, extension of the software to cover additional structural elements beyond inserts would
transform the platform from a specialized insert verification totd ia comprehensive
sandwich panel structural analysis environment, further increasing its industrial impact across
the satellite development lifecycle.

REFERENCES

1. P. Fortescue, G. Swinerd, and J. Stark, E8pacecraft Systems Engineetirgh ed.
Chichester: Wiley, 2011.

2.J. J. Wijker,Spacecraft Structure8erlin: Springer, 2008.

213



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

3. T. P. Sarafin and W. J. LarsoBpacecraft Structures and Mechanisms: From Concept to
Launch Torrance, CA: Microcosm Inc. & Kluwer Academic, 1995.

4.J. R. Wertz andV. J. LarsonSpace Mission Analysis and Designd ed. Torrance, CA:
Microcosm Press & Springer, 1999.

5. H. G. Allen,Analysis and Design of Structural Sandwich Pan@bsford: Pergamon Press,
1969.

6.D. Zenkert An Introduction to Sandwich Construatid_ondon: EMAS Publishing, 1995.

7. R. Vinson, A &pmledMecharics Reviewsot 54uno.e8spp. 201
214, 2001.

8.ECSS, Al nsert de sEHB-82-20AaESABST ECK NoordwikC2819 .

990. T. Thomsen and W. Rits, fnAAnal ydakighand de
order sandwi ch p Canpasites Far B Enginearpmgolr 29,ana. 6,, 0
pp. 793807, 1998.

10.ECS S, AfMechani cal engi nearfieng ,-®HBEBEEES nes f
ESA-ESTEC, Noordwijk, 2011.

11.J. S. Aroralntroduction to Optimum Desig#dth ed. San Diego, CA: Academic Press, 2017.

12.P. Bunyawanichakul, B. Castanié, andJ. Bar r au, AExperi ment al é
ofinsertsinsad wi ¢ h s Appliedd Gomposgts Maderialsol. 12, no. 3, pp. 177
191, 2005.

13.J. D. RodrigueRa m2 r e z , B. Castani ®, and C. Bouvet,
sandwich panel s: def ects Mechanieswf Addncdd e x per
Materials and Structuresvol. 28, no. 21, pp. 2212228, 2021.

14. S. Hei mbs and M. Pei n, AFailure behaviour

i n s eCompositd Structuresol. 89, no. 4, pp. 57588, 2009.
15.F. Filippouand A. T.Kermadii s, Al nfl uence of potting radi

and failure mechani sm o Machimesvelrld, so.li,m34s and wi
2025.

16.ECS S, AStructur al g e +4E-8T-32C, ESAESTHG, Neordwijk,t s, 0
20009.

17.J. E. F. FriedIMastering Regular Expression3rd ed. Sebastopol, CA: O'Reilly Media,
2006.

18.ECS S, AStructur al factors of-E-STB21OC,¥ESAf or s p
ESTEC, Noordwijk, 2009.

199W. G. Youngqui st asesdndUeed in\Wsandichepanel by, loadiaplied e s

at an insert, o Report No. 1845, Forest Pr ¢
200ECS S, AAdhesi ve bonQ@BTR/G16Q, £RAESTEO, KNpoodwilE CS S
2011.

21.C. A. Coel | o Canenruinearical cdn3tranandiire technigués used with
evolutionary al gor i t hms Conmputes Matheds v Applied t h e
Mechanics and Engineeringol. 191, no. 1112, pp. 12451287, 2002.

214



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

STRUCTURAL DESIGN AND INTEGRATION OF HIGH BYPASS RATIO
TURBOFAN ENGINES INTO NARROW -BODY AIRCRAFT WINGS

Asst . Prof . Dr. kaban Ul us
Erciyes University, Engineering Faculty, Mechatronics Engineering Department
sabanulus@erciyes.edd @RCID:000600021815613X

Student, Bedirhan Dulger
Erciyes University, Engineering Faculty, Mechatronics Engineering Department
bedirhandulgerbs@gmail.cer®RCID:00090007-94432785

Student, Mustafa Enes Oztiirk
Erciyes University, Engineering Faculty, Mechatronics Engineering Depdrtmen
mustafaenes383@gmail.co@RCID:00090008 75567227

ABSTRACT

In modern aviation, improving structural efficiency and reducing weight are critical factors for
enhancing aircraft performance and sustainability. This study investigatestrtiotural
integration of highbypassratio turbofan engines into narrevody aircraft wings, focusing on

the design and optimisation of the engine pylon. A reference configuration based on the
CFM56-7B engine is considered, and two widely used aerospatazials, Ti6AI-4V titanium

alloy and 7075I6 aluminium alloy, are evaluated. The pylon structure is designed using CAD
tools and analysed using finite element methods (FEM) in ANSYS and SolidVéiatis
structural analysis, mesh convergence studiespadal analysis are performed to validate the
structural integrity and dynamic behaviour of the system. The results indicate that the titanium
based design provides superior structural stiffness and safety factor, while the alub@sadn
design offers ignificant weight reduction. Compared to conventional pylon structures, the
proposed design achieves up to 53% weight reduction while maintaining compliance with
aviation safety standards, including EASA-€5and FAA FAR 25. The findings demonstrate
thatoptimised pylon design can significantly enhance aircraft efficiency without compromising
safety, providing valuable insights for future aerospace structural design applications

Keywords: Turbofan Engine; Pylon Design; Finite Element Analysis; Structural Optimisation

1. INTRODUCTION

The aviation industry has experienced significant growth driven by the increasing demand for
efficient, lightweight, and sustainable aircraft structureghigcontext, integrating propulsion
systems into aircraft structures is crucial to overall performance. One of the most critical
components in this integration is the engine pylon, which connects the turbofan engine to the
wing structure. Pylon structuregre subjected to complex loading conditions, including
aerodynamic forces, engine weight, thrust loads, and dynamic effects. Therefore, their design
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requires careful consideration of both structural integrity and weight optimization. In recent
years, advaces in computational design tools such as CAD and finite element analysis (FEA)
have enabled engineers to perform detailed structural analyses and optimize aerospace
components more effectively. However, achieving an optimal balance between strength,
weight, and manufacturability remains a significant challenge. This study aims to design and
analyze a turbofan engine pylon structure using widely adopted aerospace materials and
evaluate its structural performance under realistic loading conditions. Thearprim
contributions of this work are a comparative analysis of different material configurations and a
demonstration of a lightweight yet structurally safe pylon design.

2. DESIGN METHODOLOGY
2.1. Material Selection

Material selection is a critical step in aerospace structural design because it directly
affects weight, strength, fatigue life, and manufacturability. In this study, two commonly used
aerospace materials are considered6Alr4V (Grade 5) titanium alloyand 7075T6
aluminium alloy [1]. T#6AI-4V titanium alloy is known for its high strengtb-weight ratio,
excellent corrosion resistance, and superior fatigue performance. It is widely used in critical
structural components where reliability is essential.provide a comparative analysis and
obtainbenchmarkresults, 707576 aluminium alloy was also selected. This material exhibits
high yield strength and peak load capacity and complies with military (MIL) and ASTM
standards [2]. Since the pylon structatpports the engine and transfers loads to the wing, it
is subjected to significant mechanical stresses and elevated temperatures. On the other hand,
7075T6 aluminium alloy offers lower density and easier manufacturability, making it suitable
for lightweight structural applications. Although its strength is lower than that of titanium, it
provides a significant weight advantage. Titanium, with a density of approximately 4430 kg/ms,
extends the component's operational lifetime due to its superior mechgrapatties. In
contrast, 70796 aluminium, with a lower density of approximately 2810 kg/m3, offers a
substantial advantage in structural weight reduction. These differences in material density
directly influence the total mass of the designed pyloreitras. According to aerospace design
standards, load factors are typically defined within the range of 1.50 to 2.00. However, in this
study, a design approach targeting a lower mass while maintaining compliance with safety
standards is adopted [3]. Higafety factors and yield strength are critical to improving fatigue
resistance and extending the lifecycle of aerostructural components. With the increasing size
and weight of modern turbofan engines, it has become essential to develop lighter and more
rgid structures that do not adversely affect
conventional pylon structures reported in the literature generally exceed 400 kg, the primary
objective of this study is to achieve the lightest possible design ywhakerving structural
safety margins [4]. In addition to mechanical strength, the ability of materials to retain their
properties at elevated temperatures is vital for pylon applications. These materials act as a
protective barrier around the engine. Almmim has a melting temperature in the range of 477
635°C, whereas titanium exhibits a significantly higher melting point of approximately 1660°C.
These properties provide inherent protection for the wing structure in the event of extreme
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thermal conditions such as engineelated incidents. However, from a manufacturing
perspective, 70736 aluminium is more machinable than titanium alloys, making it
advantageous for production efficiency. A comparative analysis of these materials is presented
in Table 1, ncluding density, yield strength, tensile strength, elastic modulus, and thermal
properties [5]. Throughout the design process, particular attention has been given to ensuring
that the structure meets modern aviation safety requirements while achievirfgtigge life

and durability. The design criteria focus on satisfying all necessary static and safety tests while
minimising structural mass, which is crucial for improving fuel efficiency and reducing
operational costs in commercial aviation [gP].

509,56

300,37
209,19

2203,88

500,00

Figure 1. Reference Pylon CAD Model

Table 1. Required Material Properties

Property (Unit) Ti-6Al-4V 7075T6 AL
Density (kg/m3) 443071 4470 2810
Melting Point (°C) 1650 477-635
Yield Strength (MPa) 827 503
Tensile Strength (MPa) 1000 572
Elastic Modulus (GPa) 114 71.7
Hardness (RockwelC) 36 13
Thermal Cond. (W/rtK) 7.20 130

A structural safety evaluation was performed based on the maximurviiges stress of 376

MPa obtained from the ANSYS analysis. The structural integrity ofctimaponent was
assessed by calculating the mar gyjed,thethrges af et vy
safety factor, and the maximum vdhi s e s saf) ob®iges fromdhe numerical analysis,

as expressed in Equation (1) [10].
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The calculated margin of safety of +0.0039 indicates that the structure maintains its integrity
even at the targeted safety factor of 2.23. This result demonshrates optimised design has

been achieved, eliminating unnecessary weight while preserving structural safety requirements
[11], [12].

2.2. Structural Design

To develop and improve the proposed design, the geometrical parameters of the
CFM56-7B turbofan egine were used as a reference [3]. The CHVIB6engine, widely
utilised in Boeing 737NG aircraft, has limited publicly available detailed specifications due to
commercial and proprietary restrictions. Therefore, the design process was carried out using
readily available dimensional data and standard configurations reported in the literature. The
primary objective of the structural design is to obtain a lightweight pylon capable of safely
supporting the engine while ensuring structural integrity. To achiege multiple design
iterations were evaluated, and the most suitable configuration was selected. In the designed
pylon structure, stress concentrations were minimised by applying fillet radii to sharp edges and
replacing flat, sharp transitions with satber geometrical features. This approach significantly
improves fatigue performance and extends the component's service life under cyclic loading
conditions. The pylon acts as the main léring structure of the engine assembly. In
addition to the prirary loadcarrying frame, it includes aerodynamic fairings, -fiesistant
barriers, and interfaces for electrical and hydraulic systems. During the design process,
unnecessary structural regions were removed to reduce mass, resulting in a lightweight, cost
effective solution. A suitable shell thickness was determined to ensure that the designed pylon
satisfies the required static strength and safety factor criteria. While conventional pylon
structures typically incorporate steel fittings and hybrid materibk proposed design utilises
aluminium and titanium alloys to reduce weight, improve manufacturability, and simplify the
overall structure. Furthermore, the design minimises additional weight and stress
concentrations caused by complex connection el&sn€he pylon geometry was developed in
accordance with the dimensions and weight characteristics of the reference turbofan engine.
The reference pylon configuration, including its main geometric dimensions, is illustrated in
Figure 1 [6], while the desigl pylon model is presented in Figure 2. A comparative analysis
between the reference and the proposed pylon structure, based6éw-4M material
properties, is provided in Table 1, including mass and density comparisons. During the design
phase, axialdading conditions and stress concentration factors were carefully considered.
Attention was paid to critical loaldearing regions to ensure the safety factor remains
sufficiently high while displacement and total deformation remain within acceptable. limits
These criteria were strictly considered during the design study to ensure structural reliability.
To eliminate the effects of turbulence and varying aerodynamic loads during flight manoeuvres,
the pylon was designed as a singiece rigid structure, theby enhancing its stiffness and load
distribution. Additionally, the structure is designed to withstand high G (gravity) loads
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encountered during flight operations. The final design is developed in compliance with aviation
safety standards, particularlyetload and structural requirements defined by FAA regulations

for both cargo and passenger aircraft [7]. The design process also incorporates considerations
for manufacturability, maintenance accessibility, and -effsictiveness, ensuring that the
propo®d pylon structure is not only structurally efficient but also practical forwedt
applications in the aerospace industry.

Figure 2. Proposed Pylon CAD Model

Table 2. Mass and Volume Data of Pylon Structures

Pylon Type Mass(kg) Volume(m3)
Reference Pylon 400 0,38
Proposed Pylon (T6Al-4V) 290.463 0,0655
Proposed Pylon (70756) 184.295 0,0655

Mass comparison results show that the optimised design achiesiggificant reduction
compared to the reference pylon. The use of aluminium alloy further reduces weight, whereas
titanium ensures higher structural safety margins. Based on the reviewed literature and
reference studies, two distinct pylon structures wiglentified with different material
configurations, resulting in different mass values due to their density differences. By assigning
Ti-6Al-4V material properties from the SolidWorks material library, a pylon structure with a
total mass of 290.463 kg wadtained, whereas using 7676 aluminium resulted in a
significantly lighter structure with a mass of 184.295 kg. The design approach focuses on using
a single material throughout the structure to achieve greater rigidity and improved
manufacturability. Th use of multiple materials and asseriiged configurations may lead

to reduced structural integrity and discontinuities, thereby negatively affecting stiffness and
load-transfer performance. Therefore, a monolithic design strategy based on a singke mate

is preferred to ensure structural continuity, enhance rigidity, and simplify the manufacturing
process.
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2.3.Finite Element Analysis (FEA)

Finite Element Analysis (FEA) was conducted to verify the structural integrity of the
designed pylorstructure. During the analysis phase, the boundary conditions were defined by
constraining the interface regions where the pylon connects to the wing, and a triangular mesh
was employed. To ensure the accuracy and reliability of the numerical resultssha me
convergence study was conducted using three mesh densities: coarse, medium, and fine. The
convergence behaviour is illustrated in Figure 3. The analysis initially included 362,770 nodes,
yielding a maximum stress of approximately 336 MPa. In the sestageé, the mesh density
was refined to 1,051,234 nodes, resulting in a maximum stress of approximately 379 MPa.
Further refinement of the mesh resulted in a higher number of elements, with the maximum
stress converging to approximately 370 MPa. It wasrgbdethat beyond one million nodes,
the stress distribution and stress concentration regions were captured more accurately. A
comparison of the second and third mesh refinement stages revealed safety factors of 2.23 and
2.29, respectively. As illustrated the convergence graph, asymptotic convergence behaviour
was achieved from the second stage onward, indicating the numerical stability of the solution.
The results demonstrate that the structure exhibits stable behaviour at a stress of around 370
MPa.

385
380
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365
360
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350

Max Stress (MPa)

345
340
336
330
0 200000 400000 600000 800000 1000000 1200000 1400000

Element Count

Figure 3. Mesh Convergence Study Results

Considering the high yield strength of the6AI-4V (Grade 5) alloy and the refined mesh with
approximately 1.87 million nodes, the structure operates witmanum safety factor of 2.29.

The results obtained meet the minimum safety margin requirements specified in EASA CS
25.303. Furthermore, according to FAR 25.305, the structure meets the requirement of
withstanding limit loads without experiencing perm@indeformation. The applied loading
conditions were based on the thrust and gravitational loads generated by the reference CFM56
7B turbofan engine. The locations where the engine is connected to the pylon are shown in
Figure 4. The analysis results indiedhat higher stress concentrations occur at the mounting
regions compared to other parts of the structure. This behaviour is primarily attributed to the
direct transmission of engine loads. Examination of the-M@es stress distribution clearly
shows hat the maximum stress values are concentrated at these mounting interfaces.
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A: Static Structural
Static Structural
Time: 1, s

|B Fixed Support
I8l Force: 24000 N
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Figure 4. Forces Applied on the Pylon

In addition to static analysis, modal analysis was performed in the SolidWorks simulation
environment for Ti6Al 4V, considering the first 7 vibration modes. Based on the amplitude
resultant (AMPRES) results, the dynamic behaviour of the pylon structure was evaluated. The
obtained natural frequencies were compared with the operational frequemgss of the
CFM56-7B engine. According to aviation certification standards (EASA26% structural

natural frequencies must be sufficiently separated from excitation frequencies generated by
rotating engine components to avoid resonance. For the Nltr@anaximum rotational speed

of 5380 RPM (89.67 Hz) was considered. The first natural frequency of the pylon structure was
found to be 120.91 Hz, which provides a sufficient safety margin. For the N2 rotor, the
maximum rotational speed of 15000 RPM (260 was evaluated. The highest observed modal
frequency was 206.38 Hz, maintaining an approximate separation margin of 18%. The modal
analysis results indicate that the structure operates safely across both low and high rotational
speed regimes. According FAA FAR Part 25 regulations, no resonance or aeroelastic
instability was observed. The natural frequency range of 1PP0®&138 Hz ensures sufficient
separation from the operational excitation frequencies of the CFBShgine. These findings
confirm that the structure's dynamic stiffness remains above critical thresholds, ensuring safe
and reliable performance under operational conditions. The modal analysis results are presented
in Figure 5. The pylon is constrained at the wing attachment pointepgirte loads are applied

to the mounting interfaces. A mesh convergence study is carried out to ensure the accuracy of
the results. The mesh is progressively refined until the variation in the maximum stress values
becomes negligible. The analysis focusaskey parameters, including maximum Velises

stress, total deformation, and safety factors. The results indicate that the designed structure
satisfies the required safety criteria under operational load conditions.
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Figure 5. Modal Analysis Results

3. RESULTS AND ANALYSIS
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The structural analysis results are summarised in Table 3. The tithased pylon
exhibits lower deformation and higher safety factors compared to the alowased design.

However, the aluminium configuration provides a substantial weight reduction. Modal analysis

ENGI

is also conducted to evaluate the structure's dynamic behaviour. The pylon's natural frequencies
are found to be sufficiently separated from thebofan engine's operational frequencies,

eliminating the risk of resonance. The maximum \dises stress values are within acceptable
limits for both materials, indicating that the design is structurally safe. Critical stress regions

are observed near mioting interfaces, consistent with expected taadsfer behaviour.
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Material Performance Mapping: Pylon Static Analysis
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Figure 5. Van-Mises stress distribution and material response curves

Figure 6. Von-Mises Stress Distribution
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Table 3. Static Analysis Results

Parameter (Ti-6Al-4V) 7075T6 AL
Total Deformation(mm) 13,54 19,72
Equivalent Elastic Strain(m/m) 0,0035 0,0052
Maximum Principal Stress (MPa) 419,79 423,61
Shear Stress (MPa) 60,24 59,15
Strain Energy(J) 0,016 0,024
Equivalent Stress (veWlises) (MPa) 379,68 379,85

Safety Factor 2,23 1,32

4. CONCLUSION

In this academic study, the integration and design processes of the pylon structure,
which serve as the primary lo&drrying component connecting the engingéhe wing, have
been thoroughly investigated. Based on an extensive literature review and a detailed
examination of existing studies, the design process was conducted in accordance with
established aerospace safety principles. The structural perforofahegproposed design was
evaluated by considering both material properties and the system response under loading
conditions. The obtained safety factors and analysis results indicate that the structure operates
within acceptable aviation safety limitgynfirming the reliability of the selected design [8]. In
addition, manufacturability considerations were incorporated into the design process, aiming
not only for theoretical optimisation but also for practical efficiency by minimising unnecessary
materid usage and avoiding additional production costs. Furthermore, the weight reduction
achieved through the proposed design contributes indirectly to improved fuel efficiency. To
ensure compatibility with manufacturing processes, the component's internlrstiuas not
designed as a fully solid body. Instead, an optimised shell thickness was defined to satisfy the
required static strength criteria while reducing overall mass [9]. The selected materials and
design approach were intended to achieve a balaeivesen high strength and low weight,
which are critical requirements in aerospace applications. Given that flight conditions involve
varying loads and strict safety requirements, the design and analysis processes were conducted
accordingly. The results dicated that the regions where the pylon is connected to the aircraft
engine experienced an average displacement of approximately 2.85 mm. Moreover, safety
factors obtained in both ANSYS R1 and SOLIDWORKS ranged from 1 to 2, depending on the
material anddading conditions. These results were validated by comparing the simulated stress
values with the yield strengths provided in the engineering software's material libraries. Overall,
the findings confirm that the structural safety and static performanceaegents of the pylon
design have been successfully satisfied. This study aims to contribute academically and
scientifically to the rapidly evolving aerospace sector by presenting a practical and optimised
structural design approach. Focusing on the desigl structural optimisation of engine support
structures (pylons) in civil aviation, this study provides significant and original contributions to
existing literature. Based on the Boeing 880 reference configuration and conventional
pylon structureswhich typically have a mass of approximately 400 kg, the proposed design
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reduces the mass to 184.31 kg using a Y0F aluminiumbased approach. This corresponds

to a remarkable weight reduction of approximately 53.9%, which significantly exceeds the
typical 15 25% improvement range reported in similar structural optimisation studies. This
substantial reduction has been achieved through an innovative geometry that departs from
traditional solidcasting approaches and adopts a hollow, stremggéimted degjn strategy. The
proposed approach successfully integrates the principles of maximising stiffness and
minimising material usage, particularly by concentrating material in regions of high stress
intensity. In terms of load distribution optimisation, theiglesnsures that engine loads are
distributed more uniformly across the structure. Commonly encountered stress concentrations
in the literature have been mitigated through the application of fillet (radius) geometries. As a
result, the maximum Von Misegsss remains approximately 379 MPa, thereby improving the
structure's fatigue life. The design achieves a safety factor of 2.23, which is significantly higher
than the typical values reported in similar studies, indicating a robust and reliable structural
performance under operational conditions
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Anahtar Kelimeler: R1234yf, R134, R513 A, Sojutma kapasitesi,

1. GKRKKk

R134a orta basén-1é& olarak sénéflandeéereéel abil
°nemli Dbir sojutucu akéxkxkandéer. Ancak R134a60
akékkanlar ile dejiktiril mesi jeaern eilemeslathe @i 50
akékkanl arén R134a yerine kullanél masé i -1in
°nerilen bakl éca alternatif sojutucu akeéekkar
R1234ze(E)O6dir ¥zel |l i k| e4 andonbéinl yseorjiuntemaR 1s2i 3s4t
akékkane ticar.i ol ar ak kull anél maya bakl an
kull anéménén yaygeénlaktéejé g°r¢l mektedir. [ -
sahip sojutucu akékkanrl adreévna nk uel tl naenk@nead3iir-.i nD aa]
R134a kullanéel an buhar sékékteéermal & sojut ma

226


mailto:mehmet.direk@yalova.edu.tr
mailto:umit.iskan@yalova.edu.tr

EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

ak t est etmi kKl erdir. Sonu- ol arak si
kuIKItaC,nreIaAgyriedoalR1334q,linte kar kK €
Il nin %15 daha y¢ksek ol duju v
k ol duju ortaya konul muktur . Y
yapamf dr mans dejerl endirmesini
i r sojutucu akekkan se-il mes
ejerinin azaldéejé anl akeéel méex
yakl akéek yaréeéséna karkél ek gel
erine sahip klima sistemlerin
| amal ar getir meidwyhidaha 1 Oc
cu akékkanl arée kull anan k.
ul masé yasakl anmexkxteéer [ 5,
18 $noilsejgegéell Mekatdner
t e ] . R5613A, %56 oranénda R123/4
ar a ol ukmaktadér . R513A6nén GWP
da kuIIaneIakbari eobHujbu r amlogkuéluncauk t &
t é d yakl akék ol arak % 50 fi

(o]
e c®oow
S oRrRr- 9S50 Xx —XPc—/ooa~ - o
cCowxgon~o=0—0n® —o
@D D

~ S >D®X —DODDY O

cC o

a

eneysel ve teorik -al é&km:
idteé rbmarl éb ushoaj ut ma deney si
€ test edil mik ve perform

wWTOXY XQEQ T XK X Q
o

cCL UOT® XN O

2. DENEYSEL ¢ALI k MALAR

Deneysel -al ekxmal arda G°rsel 16de verilen b
kul |l anél méktér . Deneyl erde-tgs®adaakleaknmoXlupd m¢ °
1100 AC id°l -k3wbohasGasiyeti NO.8 AC). kull ar
el ektroni k mani f ol -dlcieonihdssagiyeti £0.5 %ukiblaarn & Il ,eé 6tOe rb.a
deneyl erde g¢- °1 -¢m¢g i1 -in pens tipi avometr
O kW ile 600 kW arasénda olup °Il -¢m hassasi
Ssoj ut ma evr i mi ana bils8kenémde nkehcal ubBmakt
czere ik farkl & genl exkxme valfi kull anél méxt
yapéldéje i-in keéelcal boru tercih edil micktd.i
Ssoj ut ma evuduni ankdéek kseofeunt si stemde izl ediji vy
numar al aré g°r ¢l mektedir.

227



EUROPEAN CONFERENCES 9t h
Apriib,

I NTERNATI ONAL
32D2BAN

I SBN INB:2-56 D4b

IKLIMLENDIRM) LABORA

-
Gorsel1.So0j ut ma
Qkond
3 —
- Kondenser

v

Genlesme Valfi

4
=

Eva &nratﬁr

il

Qevap

nde

Gorsel2Soj ut ma deney seti

228

deney

so]

CONFERENCE ON HEALTH,

seti

utucu akékkaneéen

ENGI



EUROPEAN CONFERENCES 9th I NTERNATI ONAL CONFERENCE ON HEALTH, ENGI
Apriib, 32D2BAN
I SBN INMB:2-56 D45

Deneysel -al evimaed aR1®28Me/ |l esroj utucu akékkane
ger ekl i vakum i kIl emi yapélarak sisteme R513
yapél madan ayne deneyl er R513A ile tekrar|l
kul |l anél artaekmis og kuitpmaa rsliasr énén giri kK ve -eéekeéecxl
Birim sojutucu akékkan k¢t ess) brape@daldigkea
kull anél arak hesapl anméexkter.

Os oF hi-ha 1)

Kompres®rde birimwm¢egsbogsi ubiakahRrkep)Kdeakene dMean 1 K

hesapl anméxkteéer .

Wkomp= hp-hy (2)
Birim sojutucu akékkan kg¢gtl esi bakéna el de ¢
3 kull anéel arak oranlanmék ve sojutma tesir Kk
STK = g o jWkomp (3)

3. SONU¢LAR VE DEJERLENDKRME

Deney sonu-laréndan vyararl aneéeéatakpii kdi ysagdgru
G°rsel 36 te wverilmicktir. R513A, R1234yf (¢
karéekéemlaréndan ol ukturul muk bir g a3z4dyéfré.y eBu n
ol duk-a yakender.
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- — R1234yf 1
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Gorsel3.R1234yf ve R513A 6 nén basén- entalr
G°rsel 3 incelendijinde R513A6nén kompres®©°r
ortal ama %7 daha y¢ksek oédakluelgParé meakéeend
sahip olan bu parametreye bajlé olarak; R513
%9 oranéeénda daha y¢ksek ol duju g%zl emlenmik
dejerl endirmede i see] eR5l1e3rA 6nndeenn, yRalk2l3adkyefk d%7 , 5
Kekil de, buharl akma sécakl ekl aré incelendiiji
yé¢ksek bir sécakl ék dejerine sahip ol duju he
edilen sondtkasanG? msetl u4d.
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G°rsel 4 incelendijinde, R513A sojutucu a
kompres®rde harcanan i kK miktarénén ise %17
sojut kéewkaamén sistemde -al exktéereél maséna b
karkel akt éréel dej éenda, farkén %16in alteéenda
edil en y ¢ ksek Ssoj ut ma kapasitesi artekener
oranl anhmagyaeanlbhanmakt adér. Deneyl er sérasénda
de izl enmik olup; R513A kullanémé sérasénda
kull anéménda bu dejerin 0,57 A seviyesinde Kk
4. GENELDEJERLENDKRME VE SONU¢LAR
R513A06nén GWP dejeri 7500nin alténdadeéer ve
sojutucu akékkan i -eren sistemlerde kull aneél
kull anélan bir buhar ssegkemt edmalR&13A] vemaR1ld
akéekkanl aré ayneée «kartl ar altenda karkél akt e
edil erek deneyler yapél mék daha sonra hi-bi |
i K1 e mi yapél dékt adni | eorka aRmhE3 A okalj aeda t e
sonucunda birim sojutucu akékkan k¢t esi k
kompres®rde harcanan ik dejerleri bakéeméndan
sahip olduju séapiaem&ntrarl aR1283&ydéjenda R5:
kompres®°rde harcanan ik dejerleri séraseéeyl a
dejerlerinin ise birbirine yakén ol duju g°°r
hem de GWP diejavwdntvaeg |fairyea g2z ©°n¢gne al éndéj
dé¢zenl emel er -er-evesinde ge-i kK akKkamaseénda
kanaatine vareél méxkteéer .
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OZET

Beyeme geril meleri, aja-larén doj al gel i ki m
tomruk ve kereste kalitesini dojrudan etkile
Kurutma i kKl emler.i séraséenda serbest kal ar ak
ol maktadér. Bu -aléxkmada, b¢yé¢e¢me geril mel eri
géncel i teratg¢r -er-evesinde formagyeltiglerimi Kt i r
kurutma hatalaré ve mekani k performans ¢zer
b¢yée¢me geril melerinin odun endg¢gstrisinde ve
ol dujunu ortaya koymuktur. kAyéptardungcecen | o
end¢gstriyel verimlilifji de¢kerdeg] e belirl enmi

Anahtar Kelimeler : Blyume gerilmeleri, odun endustrisi, tomruk, kereste, kalite.

EFFECTS OF GROWTH STRESSES ON LOG AND LUM

ABSTRACT

Growth stresses aiaternal stresses that occur during the natural development processes of
trees, and they are an important factor that directly affects the quality of logs and lumber. These
stresses are released during cutting and drying processes, causing cracks, \aagping,
deformation. In this study, the effects of growth stresses on log and lumber quality were
examined within the framework of current literature. In particular, the impacts on end splitting,
types of deformation, drying defects, and mechanical perforenaeoe evaluated. The results
indicated that growth stresses are a critical parameter in terms of efficiency and quality in the
wood industry. Additionally, it was determined that these stresses cause economic losses and
reduce industrial productivity.

Keywords : Growth stresses, wood industry, logs, lumber, quality.

1. GKRKK

Beyeme geril mel er i hem ijne yaprakl é hem de
(Doj u, 2007a) . B¢eyeme geril mesi, canl e Dbir
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s ek | i ol arak destekl enen mekani k stresi i
ol ukmas é, tomrukl ar vV e kereste crenl eri i -
sorunl ara yol a-ar. ¥rnek olarak, kekebmimi«k
kereste vb. olukmaktadér. Kesilen tomrukl ar,
°ng°r ¢l emeyen derecede <ciddi hal e gelir vV e
sonucunda ortaya -é&kan ekononniakr ckaa ydeop ,a rkae ruel sa
(Grill vd. 2017).

Bu -al ékmada | iteratg¢rde yapeéelan i1 gili -al e
kereste kalitesi czerindeki et kil eri aracxkte
Scopus, Web of Sciencev Googl e gi bi internet veri tabanl
el de edilen kaynakl ar °nce analiz edil mik,
akamada t¢m kaynakl ar detayl & ol arak incelen
2. B, Y| ME GERKLMELERKNKN TSOMR U K A L\KET E KKENREE
ETKKLERK

B¢eyeme geril meleri, tomruklarda ve kerestele
Clair ve Thibaut, 2013) , ejil melere ve me k
Or marsson, 2009), I if ayr(&omaul,ar2é0mar bv)e yKéuzr euyt
(Al meras vd. 2005) neden ol maktadeéer. H¢cr e
s¢rekl i ol arak geliken b¢yégme stresi, aja- b
gradyanéna nedenaol makti dadéjindemr aklt ek stre
ardendan yeniden dengel enmesi nedeniyle bi-i
sapmal ar meydana gel mektedir. Bu, yé¢ksek st

b¢yek birrmaktadelugktrang vd. 2001). Ayreéeca,
goOsteren, homojen olmayan ve anizotropik 6zelliklere sahip bir malzeme olup, binyesindeki ic

gerilimler -ojunlukla |Iiflerin biyolojik olg
dur umu, tomrukl arén kesil mesini taki ben anl ¢
kokul |l ardaki dejikimlere bajlée olarak ortay
(Ormarsson vd. 2009) . Beyéeme gérnitlemeinemni o$ ok
vb. meydana gelen kusurlar hem kereste endyg
sorundur . kekil stabilitesinin ol mamaseé, kK et
ol maktadeér. Knkaat endg¢zsltirjiis, i nkdaen tiisyee dde¢ zi gnéknal
ve i nkKaat endg¢strisinin alternatif mal zemel e
kalitesinin iyilexktiril mesini gerektirmekt ec
olumsuz etkilerinienazandi r mek amaceéyl a gelixktirilen y?o°
yedi ana bakl ék altenda sénéflandér él méxkter.

hal deki

a y°neli k dojrudan
elerini, aa
[ ik

J

makeéegil lameden g°vd
soyma i K|l emi uy g
er i zayefl amak
o di
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1 Genetkm¢ dahal el er : Beyeme geril melerinin ger
amacéeyla pek -ok araktérma yapél makta ve
ve a-ékta tozlakma yolu ile yapeélan d°Il d
1 Silvikdlturel madahaleler: Silvikiltirehe dahal el er yol u il e bazeé
czerinde °nemli dejikiklikler yapélabil me
il e aja-larén -apée artmaktader. Bu kekil d
giderilmektedir.

1 Kesi |l mi k aja- ve otndnarrueknl aarzdaal tdéel fnoarsnéansay y © t
Ormanda kesim iklemi sérasénda ortaya -é&Kk
i -in modern hasat makinelerinin kull anémé
T Orman i-i depolama ve takéma s¢re-Ilerinde
°nl eml er Aja- ve tomrukl arén boyl aré, me
d¢zeni ve nakliye esaslaréeyla uyumlu ol ac
kaynakl & zarar riskini en aza indirmek am
dikkatlibi r kekil de i kKl em g°rmelidir

T Fabrika ortaménda depol ama s¢recinde defo
uygul amal ar: ©°rnejin; odun ikKkleme tesisle
-ojunlukla b¢gyée¢me ve kuruma a@ltradéene)] ek umu
geril melerini sénérl amak amaceéyla ise torm
veya parafin uygulanmasé gi bi (Doju, 2007

3. SONUC¢LAR VE DEJERLENDKRME

B¢eyeéeme geril meleri, aja-1lareén gel i kiilnme sg¢r ec

durumlaré olup, odun kalitesi ve kullaném pe

Odun end¢strisinde b¢gyéime geril melerinin ko

i Kl eme zorlukl aréna ve ¢r ¢ zdlilddkereste grétimidde d ¢ K ¢

ortaya -ékan deformasyonl ar, boyut sal stabi

alanl aréné kéesétlayabil mektedir. Bu nedenl e,

icin buyime gerilmelerinindahaigin | ak él mas é gerekmektedir.
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ODUN PLASTKK KOMPOZKTLERDE ULTRAVKYOLE I kI I
BKYOLOJKK BOZUNMA MEKANKZMALARI NI N SKNERJK
KNCELENMESK

Dr . ¥Jr. lyesi Belgin kEKER HIRCI |
Karab¢k | niversitesi, Orman Fak¢l tesi, Or mz:
M¢hendi sl i g Anabilim Dal é
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OZET

Odun plastik kompozitler (OPK), odun kdkenli lignoselilozik malzemelerin odaou,

tar émsal at ékl ar vb.) termopl astik pol i me
birlektirilmesiyle elde edilen kompozit mal z
havuz kenarée zeminleri, bah-e wg®©¢ygeikbiyoblilr
al anl arénda kull anél maktader. OPKOI ar bu ku
faktorl ere bajl e ol arak zamanl a bozunmaya
ultraviyole (UV) ékénéme, téi kale of ikl er idmj
bozunma mekanizmal aré | iterat¢r éexkéjénda in
fiziksel v b. °czelli klerinin, doj al at mosfer
zamanla azal déj é tedyi tkaemdaklmeé Kktyigrzey ¥ halslair |
bozunmayé hezl andérdej e vV e t er mal et kil eri
belirl enmiktir.

Anahtar Kelimeler: Kompozit, wultraviyole eékénémé, term

INVESTIGATION OF THE SYNERGIC EFFECTS OF ULTRAVIOLET
RADIATION, THERMAL AND BIOLOGICAL DEGRADATION MECHANISMS IN
WOOD-PLASTIC COMPOSITES

ABSTRACT

Woodplastic composites (WPCs) are composite materials obtained by combining wood
derived lignocellulosic materials (wodtbur, agricultural waste, etc.) with thermoplastic
polymers (polyethylene, polypropylene, PVC, etc.). WPCs are used in many areas such as
terrace and balcony coverings, poolside flooring, garden walkways, piers and beach platforms.
WPCs degrade over tingue to environmental factors to which they are exposed in these
application areas. In this study, the synergistic degradation mechanisms caused by ultraviolet
(UV) radiation, thermal effects, and biological agents in WPCs were investigated in light of the
literature. In conclusion, it has been determined that the mechanical, physical, and other
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properties of OPKs decrease over time under the influence of natural atmospheric conditions
and ultraviolet (UV) radiation. It has been determined thatittWiced stface damage
accelerates biological degradation, and thermal effects weaken polymer matrix stability.

Keywords : Composite, ultraviolet radiation, thermal, biological agent.

1. GKRKKk

Ahkap termoplastik kompozitler i(mMEKK)t,erondpn a
matris (polietilen, polipropilen, polistiren ve polivinil klortr vb.) icerisine homojen bicimde

dajetel maséyla el de edil en Ve ekstr¢gzyon,

kal epl ama gi bi y°nt eml erOPeK 6k eakri; | log nodmortiilve ns en
konut uygul amal aré bakta ol mak ¢zere, hezl a
artan bir kull aném potansiyeline sahiptir (
kokull arénda UV Ekekheéeme] i xiumludrit , veséaemakr oo
dayanéméné azaltmaktadeéer (Stark & Matuana, 2

dayaneél arak odun plastik kompozitlerin (OPK
biyol oji k lajkarel eorl@m thuirduj u sinerji k bozunma

2. ODUN PLASTKK KOMPOZKTLERDE (OPK) ULTRAVKYO!
ETKKLERKN VE BKYOLOJKK AJANLARI N BKRLKKTE Ol
BOZUNMA MEKANKZMALARI

Odun plastik kompozitler, lignos@bzik dolgu maddelerinin termoplastik matris igerisinde

karékt éréel maséyl a el de edi |l en vV e son yéel |l e
uygul amal arenda yaygén olarak kull anél an ma
kokull aréna éemaruaulkalade yloahre (UV) EKéneéme, S

ajanl ar én et kisiyle zamanl a perfor mans kay
olukturduju bozunma mekani zmal arénén ©°tesin
-ékan simmajs$ gr e@-olzaur i , mal zemenin hizmet ©° mr
(Stark ve Matuana, 2004; Andrady vd. 2023).

UV éKéneéme, OPKOoIl arda °zellikle |lignin bile
ol maktadér. Ligninin W\Weréikeéjté raabdsi okrad € eert nod suik
yé¢zeyde renk deji ki mi, -atlak olukumu ve mesk
(Kl yosov, 2007). Ayné zamanda polimer matris

sureclerine maruz kalmakta, bu #éao mp oz i t i n b¢etenl ¢ ¢neg zayef
McDonald, 2010).

Ter mal et kil er Il se hem poli mer matrisin heil
davranéxkl aréne farkleée oranlarda &etkilemekte
ol ukmaseéenkar ove aml akl ar én gel i Kmesine y o | a -
d°ng¢l er, bu -atlaklaréen ilerl emesini hézl an

(Clemons, 2002).
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Rutubetin varl éeje ve uygun séaalklneékn Kaoxauwltla:

bakteril er) aktif hal e gel mesini sajl amakt a
kaynajé olukturdujundan, biyolojik bozunma
dayanémén azal maséna neden oOzeliklkdeyzr @mkiik Schi r
vV e kahverengi - okl ¢k mantarl ar é ' i gnin \
zayefl atmaktader .

Bu ¢- etkenin birlikte etkisi, sinerjik bir
yé¢zeyde ol ukanin kompoZit ackrisierdaha kolayt nifoz etmesine olanak
tanémakt a; rutubet ise biyolojik aktiviteyl
s¢re-1leri hezl andérarak mal zeme Db¢tenl ¢ ¢ng
topl aménlday¢ kd athiar hasar ol ukturmakta ve kom
d¢kermektedir (Fabiyi et al., 2008; Mengel o]

3. SONU¢LAR VE DEJERLENDKRME

OPKO6Il ar da -evresel etkilerin birlikte dej e
stabii zat°rl eri, yézey kapl amal ar e, uygun k at
kull anél arak bu sinerjik bozunma etkil eri az
tek bakéna dej il , birlikte ve uyuakiledninbi r K €
kontr ol alténa al énmasénda - 0ok daha bakar é
-al exmal ar én, bu etkilexkimlerin daha iyi an
geliktiril mesine odakl anmasé gerekmektedir.
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TRAPPING OF FLOATING DEBRIS CAUSING RIVER FLOODING
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Kn°ng¢ 1 niversitesi
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ABSTRACT

The blockage of flow sections by floating ob

flooding, has been frequently observed in r
change, sudldienme danyletshiomtense precipitation
overlying vegetation into watercourses throu
rivers can cause <clogs at contr ol sections

numerous scientific studies have been conduc:
floating woody materials from the river f1l ow

these structures may al so | eapd htso diha&ngenp aich
riverbed also affects the natur al mor phol ogi
di verting, and preventing the transport of

i nvestigated the tgpsporntfedvolmydyr imadres. aThedr
physical movement characteristics, such as r
moving with the current, have also been exam

exi sting sl iptreorva tduerde, and their relative adva
and interpreted.

KeywoFdsoding, Large Woody Debris (LWD), Bri
1. | NTRODUCTI ON

Natural disasters such as flash floods, debris flows, earthquakes, landslides)déines

damage vegetation, thereby increasing the probability of floating woody debris being present
in watercourses (Rui¥illanueva et al., 2016). This can cause significant damage to the built
environment along the river, including bridges, dams,vegids. The accumulation of floating

wood at river infrastructure can lead to a reduction in the flow @®sonal area. This results

in backwater rise and an increased risk of flooding in the surrounding areas (Schalko et al.,
2019a; Okamoto et al., 20 Large amounts of floating wood accumulation can occur at river
infrastructure sites. Such situations can increase scour at riverbed structures and even damage
the structure itself (Schalko et al., 2019b). Alternatively, wood accumulating at struikteres
bridges acts as an obstruction, diverting the flow toward populated areas or agricultural lands.
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Various engineering structures and countermeasures have been developed to mitigate the risks
caused by the accumulation of floating wood at hydraulicttras during these floods. These

are generally divided into two main categories: structures aimed at trapping floating wood at
its source or along its transport path, and measures taken to protect sensitive infrastructure (such
as bridges) from floating @od. Floating wood retention structures (such as debris barriers,
racks, and check dams) are typically placed at specific points along the riverbed to capture
floating wood, thereby protecting downstream settlements or critical infrastructure.

This study povides an overview of floating wood dynamics, hazards, and risk mitigation
measures for built environments based on existing literature and data. Furthermore, their
relative advantages and disadvantages are compared and interpreted.

2. EXPERIMENTAL STUDIES

The channel dimensions utilized in experimental studies in the literature are presented in Table
1.

Table 1. Channel dimensions of studies in the literature.

Author and History Channel width | Channel depth| Channel length| Channel
(m) (m) (m)) slope
Kimura ve Kitazono (2020) 0.2 - 3.4 -
Ravazzolo vd (2020) 15 1 6 0.002
Okamoto vd. (2021) 0.4 0.15 10 -
Schalko vd. (2019) 15 1.2 30 0
0.4 0.7 8 0.1
Schalko vd. (2020) 0.4 07 8 gﬁ%
0
De Cicco vd. (2020) 0.3 0.16 5 0.001
Spreitzer vd. (2018) 6 15 1 %2

The modes of transport for floating wood in the literature exhibit variations. The transport
mechanisms of floating woody debris in water flow primarily involve suspended movement or
contact with the riverbed (Ruiillanueva et al.2014a). Transport patterns of floating wood
pieces include sliding, rolling, and saltation (rotation). As the quantity of floating wood pieces
increases, different transport regimes emerge, namely: uncongestedcorgasted,
congested, and hypeongestd transport (RukrVillanueva et al., 2019).

3. RESULTS AND EVALUATION

Table 2 presents a brief summary of countermeasures developed for floating wood
interception based on conducted research.
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Table 2. Summary of studies on the prevention of floating wood in the literature.

Type Met hod Principles Ef fect:Literat
Obstacles To prevent ¢
positionecfloating woc Lange

oo . . %4 268 7 Bezzo
equi di stargetting miXxe (2006
the rivertriver

I nterce A bypass c¢Secondary cL Schmoclt

|l arge vbeestabli:large woody %9 0%9 5 Weithbr

debristhe river the bypass ¢ (2013
A rack hasInterce tinc chal k
installed , o rem/ogvnetmef %9 0%1 0 0 (2019,
t o Captur‘dowﬁstream ah [=h2 , 5 Schal k
wo od ' (2019
Two consec . .
racks eacc?gjv:]rsgfte'agqg %3 0%1 00 KPraInlck|
half of tt : Foah e, 12 pa
: floating woc (2021
Cresesction
I nstallincg Wood ca
Divert wooden varCausing sig . . P schal k
ef ficienc
wood upstream (wooden defor d (2020
) . ecreas
bridge pi e
. 't may |
;gosgﬁiz :Causing sigr 30% decr Schal k
) 9 'Wooden defor wood carfg (2020
piers. .
efficie
Modi fyin tr
Y g- The squ
~around bridc _ )
Struct Shape desi ) configur De Cic
) _ ~ reduce the i _
desigrtbridge pi e ) yielded t (2020
floating woc
] capture ¢
he bridge s

Advantages and disadvantages of the conducted studies:

Schmocker et al. (2013) presented a large woody debris (LvéD3port diagram that
predicts the expected amount of floating wood at a specific location along a river, forming
the basis for determining the optimal position of a retention structure. The study also
introduced a retention system where floating woazhfgured in a bypass channel located

ENGI

at the outer river bend. Due to secondary currents induced by the river bend, floating wood
is diverted into the bypass section while sediment (bedload) remains in the primary channel.

Figure 1 illustrates the variatian backwater rise relative to the accumulation of floating
wood. While wood accumulation reaches nearly 90%, significant backwater rise occurs in

the upstream section. Due to this backwater effect, river overtopping may occur upstream
during flood events.
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Figure 1. Temporal effect of wood accumulation on backwater rise.

Schalko et al. (2021) stated that retention structures, such as sediment traps or racks, are
constructed to mitigate potential downstream hazards. The researchers conducted a series of
flume experiments to examine the impact of floating wood accumulations on upstream
backwater rise and bedload transport at an inclined bar rack with a bottom clearance. Figure 2
investigates the effect of wood volume on sediment variation. Furthermaras imoted that

even a few logs are sufficient to reduce the bedload transport capacity to below 75% compared
to the debridree condition. However, it was also indicated that fine material and smaller wood
sizes further decrease bedload transport whileasing the upstream backwater rise.

Figure 2. Impact of floating wood accumulation on sediment transport variation.

Schal ko et al. (2019) presented hydraulic m
caused by longitudi nalnsflad atnigh@ wmdd | &ec dwemrdu |

244































































































































































































































































































































































































































































































































































