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Current Knowledge on Iron Metabolism and Iron Deficiency
Anemia

Elif Sibel Aslan®

!Biruni University, Molecular Biology and Genetics Department,
E-mail: easlan@biruni.edu.tr

1. Introduction

Iron is a nutrient element essential for red blood cells to carry oxygen in
the hemoglobin throughout the body to supply the cells with oxygen and help
in removing carbon dioxide, which leads cells to produce energy.

Iron has the atomic number 26 and is the sixth most prevalent element in
the universe. The properties of iron are stable, so it is often used for
comparison and calibration. It is considered a transition metal, that can easily
accept and donate electrons as well as, it contributes in redox reactions,
which are crucial for many biological processes.

Moreover, iron has an important role in almost all living organisms, and
may its history back to the origins of life. It is found in several proteins as a
component to them for example, heme proteins (such as hemoglobin,
myoglobin, etc.), and iron-sulfur proteins (such as respiratory complexes I-
I11, mitochondrial aconitase), and other functional groups (such as hypoxia-
inducible factor prolyl hydroxylases) (Dev & Babitt, 2017).

These proteins (iron-containing) are needed for cellular and organismal
functions involving oxygen transport, nucleic acid replication and repair,
mitochondrial respiration, iron homeostasis, metabolism, and cell signaling.

Iron can be found in several oxidation statuses. While most of the iron is
existing in two statuses are ferric (Felll) and ferrous (Fell) due to the ions
that take place more frequently.

On earth, the iron trivalent ferric (Felll) exists abundantly due to the
oxygenation of the atmosphere over years. Hence, many of the soluble
ferrous (Fell) oxidized to ferric (Felll) insoluble form. Even more, in the
human body, iron mainly exists as ferric due to the dietary. The redox
reaction of the (Felll) and (Fell) pair occurs depending on acidity and
cofactors, this makes iron an excellent stimulus for various biochemical
processes in different cells (Scribbr, 2017).

Furthermore, iron is essential to systemic iron homeostasis. In organisms,
there are special proteins that tightly regulate the iron homeostasis for absorb,
store, transport, and uses of iron to provide enough iron for biological process
and limits the toxicity of over the amount of iron.
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There are 4 natural stable iron isotopes are: **Fe, *°Fe, *'Fe, and *®Fe. Only
%" Fe has a nuclear spin. Iron isotopes are used in nutritional studies, and the
most commonly used iron isotopes are *>'Fe and *’Fe.

The iron element exists in various parts of the body. For instance, most of
it is found in RBCs as heme in hemoglobin protein (exists as 1.5 g of iron in
females and 2g in males) as well as in ferritin and hemosiderin (storage
substances), in muscle cells as myoglobin (Ems et al., 2021). Even more than
that, it can be found associated with proteins such as heme and non-heme
proteins that participate in redox reactions and electron transfer. Furthermore,
roughly 2.2 % of the iron in the body is present in called labile pool, which is
a transitory reservoir of chelatable and redox-active iron that acts as a
crossroads for cell iron metabolism. Because of the abundance of iron ligands
in cells, the chemical identity of this pool has remained unknown. Iron
chelators are used to combat iron overload, which is often caused by
transfusion treatments used to treat thalassemia and other anemias (Ems et
al., 2021).

1.1 Role of Iron in the Body

Iron is a vital element to all living organisms on the earth. It plays a
crucial role in many biochemical processes in the body. The deep red color of
the blood is due to rich iron proteins. This element has a function to ensure
optimal metabolism, growth, and development. The World Health
Organization (WHO) considers the iron element to be one of the most
important in several micronutrients and lists it with the essential medicines
(Bharat, 2020).

Moreover, iron has a basic life function, as it one component of
hemoglobin proteins, which are the main function of red blood cells. The iron
in hemoglobin allows it to bind or carry oxygen to perform its function in
transporting oxygen from lungs to tissues to provide the cells with oxygen.

1.2 Iron Storage

Most of the iron is stored in the liver in two forms: ferritin and
hemosiderin. Ferritin is a protein that has a capacity to contain about 4500
iron Felll ions per protein and is considered the major form of iron storage. If
the amount of iron storage in ferritin is more than ferritin capacity, form a
complex molecule of iron with phosphate and hydroxide called hemosiderin,
as well, it is physiologically available.

Mainly, the iron is found in the red blood cells (hemoglobin) and can be
recycled by using the process of erythro-phagocytosis by reticuloendothelial
macrophages. These types of recycling macrophages are considered to be the
main storage site for iron in addition to the liver.

A ferritin protein molecule is an intracellular globular protein, used for
storage and accumulate a great amount of ferric Felll in a large core in its
cavity, and it consists of 24 protein subunits forming a wall with many metal
protein interactions. They are used to store and release iron when the body
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needed. Moreover, this molecule exists in two types of cells; prokaryotes and
eukaryotes. Especially present in the liver, bone marrow, spleen, intestinal
mucosa, cytoplasmic, plasma, mitochondria, and plant plastids.

Ferritin is attracting iron ions to the inner wall of the sphere and oxidized
them by using ferroxidase activity to stimulate the mineralization properties
of the cavity environment.

The Iron is stored in oxidation state ferric Felll, but the absorbed iron is
in the ferrous Fell state. By attaching to the inner wall of the sphere, the two
reactions oxidation and mineralization occur.

The main functions of ferritin are iron storage, regulation of iron levels in
the body, and release iron when the body needs to produce hemoglobin and
heme protein. That being said, the iron must be changed to a ferrous Fell
state. Thus, the ferritin structure is important for proteins to perform their
functions well. The ferritin is stimulated to be synthesis by a high amount of
iron.

1.3 Sources of Iron

Iron is present naturally in many foods and available as a dietary
supplement. The dietary of iron is divided into two forms: heme and
nonheme. Heme is formed by combining iron with protoporphyrin IX
(Abbaspour et al., 2014). Its primary sources are meat and seafood.
Generally, it has high bioavailability around (15%-35%) and the nutrient
factors have a small effect on its absorption. While, nonheme is found in
plants, seeds, and legumes. The amount of nonheme iron in the dietary is
greater than heme-iron in most meals. Whereas, the absorption of non-heme
iron is much lower (2%-20%) and is greatly affected by other food
ingredients. Its bioavailability is low, but it contains more iron nutrients than
heme iron (Abbaspour et al., 2014).

Sources of heme iron: Liver, red meat, seafood, chicken, tuna and
sardine.

Sources of non-heme iron: Leafy greens, nuts and seeds, vegetables,
beans and grains, lentils.

1.4 Recommended Iron Intake

It is important to know the needed amount of iron and other nutrients for
a healthy body in order not to face any deficiency or excess. In this case,
employ dietary reference iron intakes (DRIs), which is a set of healthy
reference values utilized to determine the amount iron dietary takes for
healthy persons. These values vary according to age and sex.

Recommended Dietary Allowance (RDA): The average daily iron
requirement for practically all (97-98%) normal adults; usually used to
design nutritionally balanced meals for persons. Acceptable Upper
Consumption Level (UL): The daily maximum consumption is not likely to
cause health problems.
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Vegetarians have an RDA that is 1.8 times higher than meat-eaters. Heme
iron is considerably more accessible in meat than non-heme iron in plant-
based diets (Scribbr, 2015). The human body should contain around 120 g for
women and 130 g for men. The majority of iron is found in hemoglobin and
myoglobin (these proteins have a function in metabolism, oxygen transport,
and oxygen storage in muscles).

Moreover, the human body needs around 8 -18 mg iron intake per day
depending on gender and age. As well as the rate of iron intake every day
from nutrition and supplement is different in children, men, and women. For
example, for children in age 2-11 years the average daily of iron is 13.7-15.1
mg, around 8 - 45 mg per day in men, and 18— 45 mg per day in women, for
pregnant, the average iron is 27 mg for a day (National Institute of Health,
n.d).

2. Iron Deficiency Anemia

The body can’t produce iron by itself. Nevertheless, it loses the iron
through many ways such as enteropathies, blood loss, inflammation
associated with gastrointestinal parasites, and frequent blood donation.
Without nutritional iron, compensation leads to iron deficiency which is the
most common deficiency in the world. That means it is required to get a
sufficient amount of iron as part of a healthy balanced diet.

Iron deficiency is considered as the most common type of anemia, it
happens when there is an insufficient level of iron in the body, which leads to
hypoxia in the tissues due to a decrease in the process of making red blood
cells. Furthermore, iron is needed for the bone marrow to produce
hemoglobin and without enough iron, the red blood cells can’t contain
enough hemoglobin and the body does not produce enough of it.

Usually, persons who have iron deficiency, also have other nutrient
deficiencies. Iron deficiency is one of the top ten risk diseases in the world.
Even though, iron deficiency considers a common reason for anemia, but,
also other nutrients deficiencies such as vitamin B12 and folate and other
factors like inflammation can reason several forms of anemia or increase
their severity (National Institute of Health, n.d).

However, taking fewer amounts of iron over time will result in
developing severe iron deficiency and usually causes complications in health
including; growth problems in children with severe iron deficiency lead to
anemia, delayed in growth and development, and increase the risks of
infections.

Heart problems the deficiency in iron (anemia) leads to a rapid or
irregular heartbeat, as the heart has to pump more to compensate for the lack
of oxygen. Therefore, leads to heart failure or heart enlargement. Severe iron
deficiency anemia during the pregnancy leads to earlier births and low birth
weight babies and leads to a lack of oxygen to the pregnant (Mayo Clinic,
2019).
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Hence, iron is very crucial to the cardiovascular system's healthy. Iron is a
component of red blood cells that transfer oxygen to the whole body. But,
with iron deficiency, which happens due to long-term disorder in the iron
balance, and inadequate iron intake to meet the needs of the body, the red
blood cells can’t be synthesis in bone marrow, which leads to oxygen
deficiency in the body and result in health complications as above mentioned.

Iron deficiency can be diagnosed by evaluation of hemoglobin or serum
ferritin levels. Whilst, in conditions of chronic inflammatory, the diagnosis
may be harder. So, it is needed to analyze serum ferritin, reticulocyte count,
and evaluation of transferrin saturation. There are some iron supplements that
can be taken as oral or intravenous for a cure and increase the iron level in
the body.

The anemia caused by chronic disease is known as the second most
common type of anemia. For instance, for persons who have anemia from a
chronic disease, the hepcidin hormone is increased due to inflammatory
cytokines, which leads to disrupt iron homeostasis and transfer the iron from
the circulation to storage sites, that result in limiting the amount of iron
available for erythropoiesis

2.1 Causes of Low Iron Levels

There are various causes of iron deficiency (ID) physiologic, lifestyle,
pathologic and genetic (as seen in figure 1).

Physiologic factor: in pregnancy the iron stores need to increase blood
volume for growing the fetus, blood loss due to menstruation.

Environmental or lifestyle factor: as poor iron diet. A diet with inadequate
iron over time leads to iron deficiency. Also, malabsorption syndromes or
iron absorption disorders from food. In addition, if a small piece of the
intestine is surgically removed, that will affect the capability to absorb iron
and other nutrients.

Pathologic factors: losing blood within the body such as a peptic ulcer a
colon polyp or colorectal cancer, and gastrointestinal bleeding due to take
some over-the-counter pain relievers, especially aspirin.

Genetic factors: intravascular hemolysis, anemia, thalassemia anemia,
sickle cell anemia.
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Figure 1 Various causes of iron deficiency anemia.

Figure 1. Disease’s name: CHF, chronic heart failure; CKD, chronic
kidney disease; CPD, chronic pulmonary disease. The figure shows the
pathway that leads to decrease iron levels in the body, for example,
inflammation from diseases, or syndrome lron-refractory iron deficiency
anemia (IRIDA) or any therapy causes high hepcidin that leads to low
absorption and iron out of storage that resulted in iron deficiency.
Additionally, the increase in the demand for iron in the body and decrease
iron intake over time leads to IDA. (Figure adapted from Cappellini et al.,
2019).

Overall, in some cases when the iron deficiency is not severe in specific
clinical conditions, the patient can get along with it. For instance, thalassemia
anemia, in which the red blood cell is smaller than normal and carries a low
amount of iron.

2.2 Anemia

Anemia has described the condition of lacking red blood cells. Hence,
having a low level of hemoglobin, which carrying and transporting oxygen to
the body’s tissues.

Anemia is a common problem in the world that affects people of all ages
causing many health problems that can be shown on the patient or not shown
that depends on the range of iron deficiency. Usually, patients with a mild
range of anemia may be without symptoms. However, in more serious cases
the anemia can become life-threatening.
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Hemoglobin is a protein in RBCs that is responsible for carrying and
transferring oxygen to the body. Red blood cells are made inside bone
marrow. Even that, many other factors contribute to its production. For
instance, iron is a component of hemoglobin protein, and the erythropoietin
molecule which is secreted by the kidneys facilitates the production of RBCs
in the bone marrow.

In order to have a proper number of RBCs and avoiding anemia
necessitates collaboration with the bone marrow, kidneys, and nutrients
inside the body. If there is a dysfunction in bone marrow or kidneys, or if the
body suffering from malnutrition, then that is difficult to maintain a proper
number of RBCs.

Red blood cells have a lifespan of around 100 days, so the body always
replaces them. If the body doesn't produce enough RBCs that would lead to
anemia. In order to determine the cause of it, it is needed to figure out the
cause of the low number of RBC whether resulting from decreased
production of RBC, which comes from bone marrow, or increased blood loss.
Also, the number of platelets and white blood cells can be used to help
determine the cause of anemia.

Anemia is a symptom of a disease mechanism, not the disease itself.
Normally, it is divided into two categories: chronic and acute. Chronic
anemia develops gradually over time, and the symptoms are usually appeared
rapidly and develop steadily. Whereas Acute anemia is typically rapid
happens, and the symptoms may be more severe and distressing.

Identifying if the anemia occurs for a long time or recent occurrence that
aids doctors in determining the cause and aids in predicting the severity of
anemia symptoms.

Anemia can be classified according to mean corpuscular volume (MCV)
and reticulocyte count, to microcytic (less than 80 FI), normocytic (80-100
FI), or macrocytic (greater than 100 FI) allowing for more precise and
thorough investigation assessment (Lanier et al., 2018). As well as, there is
an algorithm to learn the reason for anemia depending on the patient’s history
and laboratory analysis, which include: reticulocyte count, serum ferritin and
CRP, serum vitamin B12, serum or erythrocyte folate, and serum creatinine.

2.3 Types of anemia and its causes

Anemia results from many causes, and each cause creates a type of
anemia. So, anemia has many types including the following:

Iron deficiency anemia

Iron deficiency is the most widespread cause of anemia. Anemia may
occur if iron consumption is reduced or insufficient due to poor dietary
intake. Also, iron deficiency anemia happens if there are stomach ulcers,
chronic bleeding, colon cancer, intestinal polyps, uterine cancer, etc.
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Anemia from blood bleeding

Anemia can be caused by blood loss due to excessive menstrual bleeding
or wounds. As well, stomach and intestinal ulcers, or colon cancer, can cause
anemia by slow blood loss.

Anemia of chronic disease

Anemia is often caused by any long-term medical problem. This form of
anemia, which occurs in patients with acute or chronic systemic diseases such
as cancer or inflammation. It is the second most common after iron
deficiency anemia. Therefore, this condition is called anemia of inflammation
because of increased hepcidin, which inhibits both iron recycling from
macrophages and iron absorption.

Anemia caused by a lack of diet

RBCs require vitamins and minerals to be produced. Additional to iron,
RBCs require vitamin A, vitamin B12, folic acid, and copper for hemoglobin
synthesis (Abbaspour et al., 2014). Further, anemia can be resulted from a
lack of any of these micronutrients due to insufficient RBC supply. Thus,
poor diet is a major cause of low vitamin levels and, as a result, anemia.

Sickle cell anemia

One of the most prevalent genetic disorders in sickle cell anemia. It is a
blood disorder condition that causes changes in the shape of red blood cells
and effects on the hemoglobin molecule. The hemoglobin problem, in this
case, is functional. So, disorder hemoglobin cause defect in the stability of
RBC structure, causing them to become crescent-shaped (sickle cells) seen in
figure 2.

There are many forms of sickle cell anemia, each of varying degrees of
severity. It's more common in people of Middle Eastern, African, and
Mediterranean heritage (Mayo Clinic, 2019).

Normal hemoglobin
molecules

Anormal
hemoglobin
molecules

Normal Sickle
red blood cell cell

Figure 2. Shape of Sickle cell with abnormal hemoglobin
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Pernicious anemia

It is an autoimmune disease that involves the formation of autoantibodies
against factors that important for B12 absorption. This leads to defect in
RBCs production and hemoglobin synthesis due to the inability of the body
to absorb vitamin B12, which is needed for the proper maturation of red
blood cells in the bone marrow. As well, it is a type of anemia (Mayo Clinic,
2019).
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Pernicious anemia

Figure 3. Autoantibody causes Pernicious anemia. The parietal cells of
the stomach produce intrinsic factors for absorbing vitamin B12, but the
presence of anti parietal that inhibit the absorption of vitamin B12, which is
important for red blood cell formation, causes pernicious anemia (figure
adapted from labpedia.net, 2020).

Aplastic anemia

It is a disease that destroyed bone marrow and reduces the production of
blood cells. This condition results in a lack of all three forms of blood cells,
including white blood cells (causing leukopenia), red blood cells (causing
anemia), and platelets (causing thrombocytopenia). This form of anemia can
occur as a side effect of several different drugs in certain people.

Hemolytic anemia

It is a type of anemia, characterized by splitting RBCs and killed quicker
than the bone marrow regenerates them, this condition is known as
hemolysis. Hemolytic anemia may occur for several reasons and is often
classified as either inherited or acquired. Autoimmunity, inflammation, and
microangiopathy are all common acquired causes of hemolytic anemia.
Hereditary hemolytic anemia is caused by problems with RBC enzymes,
hemoglobin, and membranes (Mayo Clinic, 2019).

Thalassemia anemia

It is a disorder in hemoglobin causing anemia, characterized by lack of or
abnormalities in the genes that are responsible for hemoglobin synthesis.
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Hemoglobin molecule contains three common types of subunits are alpha,
beta, and globin chains. The type of alpha or beta thalassemia is determined
by the absence of a certain subunit (Abbaspour et al., 2014).

There are many forms of thalassemia, ranging in severity from moderate
thalassemia minor to extreme thalassemia major. as well, thalassemia is
hereditary, involves abnormalities of hemoglobin quantity, which means that
an insufficient number of the proper hemoglobin molecules is generated. The
alpha and beta-thalassemia are the most prevalent hereditary single-gene
defects worldwide and more common in malaria-endemic areas.

Kidney disorder causes anemia.

The kidneys secrete erythropoietin hormone that aids RBC production in
the bone marrow. The synthesis of this hormone is reduced in patients with
chronic kidney disease, which leads to a reduction in RBC production,
resulting in anemia (Abbaspour et al., 2014).

Pregnancy-associated anemia

Anemia may occur as a result of an increase in the volume of plasma
during pregnancy, which dilutes RBCs. Additionally, 75 % of anemia cases
during pregnancy are caused by iron deficiency.

3. Iron Absorption and Its Mechanisms

Usually, the iron can be absorbed from digested food through the
duodenum and proximal jejunum. The rate of absorption is determined by
the physiologic pH of the gastric acid. As well as the iron exists in the
digested food as oxidized state ferric (Felll) and to be absorbable must be in
reduction state ferrous (Fell) or linked a protein like heme.

Therefore, the decrease in the pH of gastric acid in the proximal
duodenum facilitates iron absorption and enables the duodenal cytochrome B
(Dcytb) enzyme to convert the insoluble ferric (Felll) to absorbable ferrous
(Fell) in the intestinal lumen (as seen in figure 1.10). Also, gastric acid plays
a crucial role in plasma iron homeostasis, as its PH value determines
absorption.

Iron absorption in the intestinal is passed across three phases: (Collins et
al., 2018)

(1) In The intraluminal phase, the food is digested by the stomach and
pancreatic enzymes, and iron is produced in a soluble form, and enters the
enterocyte.

(2) Intracellular phase, the iron is absorbed by the mucosal cell and stored
as ferritin, or used in the enterocyte or can be moved through the serosal side.

(3) The corporeal phase, or also called the transfer step, the iron is
absorbed by transferrin in the plasma on the serosal side of the mucosal cell
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and transferred to bone marrow and liver, due to that it's called the transfer
step.

The intracellular phase is the absorption phase. The dietary iron is found
in two forms heme (meat source) and non-heme (plant source). When
digested food arrives at the small intestine the cells start to absorb the iron
through heme transporter for heme iron, and protein divalent metal
transporter 1 (DMT1), which exists in enterocytes transports the iron across
the apical membrane into the enterocyte luminal, for non-heme iron Felll
(Ems, 2021). The Felll is converted to Fell by the duodenal cytochrome B
enzyme. Then, enter the enterocyte luminal. For the heme iron is degraded by
the heme oxygenase enzyme and produces ferrous ion, biliverdin, and carbon
monoxide.

Some ferrous iron is stored in enterocytes as ferritin and the others
transport to basolateral to be exported through ferroportin and the hephaestin
protein oxidized it to ferric state for bind transferrin and transported in the
blood.

The hepcidin protein which is released from the liver regulates the iron
absorption by inactivating the ferroportin and inhibit the iron absorption.

The multicopper ferroxidases (MCFs) enzymes (Hephaestin and
Ceruloplasmin) that exist in the intestinal are contributing to systemic iron
recycling, and play a crucial role in absorption and maintaining body iron
homeostasis (Ems, 2021).

Once the ferrous iron is absorbed by enterocytes, it enters the intracellular
labile iron pool (LIP), and the strongly reacting ion is chelated by low
molecular weight amino acids, proteins, and organic acids. Then, it can be
produced by a common (ferroportin 1) FPN1-mediated pathway.

When the body has an adequate level of iron and the demand is low, the
absorbed iron is stored in the enterocyte as ferritin. While, when the iron
level inadequate, the demand for it is high, the absorbed iron Fell transported
through the basolateral membrane to the blood.

This process is regulated by FPN1, which is an iron (Fell) production
protein that regulates the amount of absorbed iron in the circulation by
permitting or not the iron to enter from mucosal cell to plasma. Even more
than that, the protein FPN1 is strongly controlled by the liver hormone
hepcidin. There is a nutritional mechanism contributing to improving iron
absorption for those who had a deficiency (Abbaspour, 2014). While, for the
people who have an overload of iron, they inhibit the iron absorption by
hepcidin and ferroportin.

After absorbed the ferrous iron, it is required to be converted to a ferric
state for transporting across plasma protein transferrin (Tf). For the
hephaestin (HEPH) and ceruloplasmin proteins, which are a multi-copper
ferroxidase enzyme, the hephaestin associated with the enterocyte membrane,
and ceruloplasmin transferred protein in the blood. These enzymes stimulate
the oxidation of Fell ion to Felll ion. Then, the Felll binds to transferrin
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(seen in figure 4) and allows the iron to move around the body
(Yiannikourides & Latunde-Dada 2019).
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<
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<
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Figure 1. Transport the iron. The mechanism of iron transport, after iron
absorption and insertion of the Fell ferrous to the circulation, is needed for
transporting to be in ferric state Felll. So, by the action of the multi-copper
enzymes (hephaestin and ceruloplasmin), it converts to oxidation state Felll
and binds transferrin. Then, the transferrin is transported to cell tissues and
bound to transferrin receptor (TR), and spreads in cells (figure adapted from

Nutrition Flexbook, n.d).

The Apotransferrin (Apo-Tf) is an unconnected type of this transporter,
has two ferric binding sites. Normally, only 30 % of transferrin is filled, this
has an essential function in temporary storage for preventing any sudden
accumulation of non-transferrin bound iron (NTBI) that, due to its high
reactivity, can cause oxidative damage if absorbed by the tissues
(Yiannikourides & Latunde-Dada 2019).

The amount of absorbed iron by the intestine is associated with the
luminal iron concentration in the biphasic method (Collins, 2018). In low
iron levels, there is a relationship between iron concentration and absorption.
However, when the levels of luminal iron increase, small amounts of
nutrients are absorbed, indicating that the method can be saturable. This
particular represents iron absorption mechanisms. On the other hand, Iron
absorption never completely saturates, and for very heavy concentrations of
iron. There is a linear relationship between luminal iron content and absorbed
volume is found once more.

These indicate that at physiologic intraluminal iron concentrations, iron
absorption is a saturable, carrier-mediated mechanism, but at higher
concentrations, a high-capacity, nonspecific process (possibly paracellular
flux) is at work. This situation is also used to describe other essential element
absorption like calcium (Collins, 2018).
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3.1 Factors that Enhance Iron Absorption

The PH of the stomach plays a crucial role in iron absorption. In another
word, the food ingested changes the PH gradients, which affects absorption.
Moreover, ascorbic acid (vitamin C) has a crucial work as a catalyst
enhancement of iron absorption. It acts as a reducing agent with ferric (Felll)
iron to form ferrous (Fell). In the low pH of the stomach, which continues
and remains soluble in the alkaline environment of the duodenum. As well as
it is recommended to improve iron absorption, include vitamin C in the diet
with high iron availability. Drinking citrus juice or consuming other vitamin
C-rich foods at the same time as eating high-iron foods will help the body
absorb more iron. Food rich in vitamin C is also found in broccoli, Kiwi,
peppers, orange, and many others, etc.

Iron absorption is aided by ascorbate and citrate, which serve as weak
chelators to help solubilize the metal in the duodenum. These compounds
readily migrate iron into the mucosal lining cells. Researchers have
discovered that natural ascorbic acid enhances iron absorption (Abbaspour et
al., 2014). It has an ability to reduce ferric to ferrous iron, as well as its
ability to chelate iron, which contributes to the enhancing effect. Also, this
acid is considered the only enhancer for iron absorption in the diet.

3.2 Factors that Inhibit Iron Absorption

Although this effect has not been unequivocally identified, calcium might
interfere with iron absorption. Consequently, some experts recommend that
people take calcium and iron supplements at various times in the day
(National Institute of Health, n.d). The absorption of non-heme iron from the
diet is greatly aided by gastric acid. Since proton pump inhibitors like
lansoprazole and omeprazole lower stomach acidity, they can lower iron
absorption (National Institute of Health, n.d). In people with regular iron
stores, treatment with proton pump inhibitors for up to 10 years is not linked
to iron deficiency or anemia (Abbaspour et al., 2014). What's more, phytic
acid, polyphenols, calcium, and peptides from partly digested proteins are
also major inhibitors of iron absorption.

Polyphenols have been shown to inhibit iron absorption in herbal teas,
legumes, cereals, berries, and vegetables. Calcium blocks both heme and
non-heme iron absorption at the stage of initial uptake into enterocytes,
unlike other agents including polyphenols and phytates, which only block
non-heme iron absorption (National Institute of Health, n.d). Animal proteins
like casein, whey, and egg whites, as well as plant proteins like soy protein,
have been found to suppress iron absorption in humans.

Phytates can be found in a variety of foods, including grains, peas, nuts,
vegetables, roots (such as potatoes), and fruits. Phytates are inositol hex
phosphate salts, which are phosphate and mineral storage types. Non-heme
iron absorption has not been shown to be inhibited by other phosphates
(National Institute of Health, n.d). Phytates have a large inhibitory effect on
iron absorption, and even small concentrations of phytates have a noticeable
effect.
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Bran contains a lot of phytates, which prevent iron absorption. As a result,
whole-wheat flour contains much more phytates than white wheat flour.
Phenolic compounds are used in almost all plants as a part of their defense
system against insects, animals, and humans. Only a few phenolic
compounds (mostly those of galloyl groups) seem to be responsible for iron
absorption inhibition.

The mechanism of absorption inhibition is unclear, but the evidence
clearly suggests that it occurs inside the mucosal cell itself during the
common final transfer stage for heme and non-heme iron. Recent studies of
the dose-effect relationship show that the first 40 mg of calcium in a meal has
little effect. Afterward, there was a sigmoid interaction, and 300-600 mg of
calcium inhibited iron absorption by 60%. This connection helps to
understand some of the seemingly contradictory findings of calcium-iron
interaction research.

3.3 Iron Metabolism and Homeostasis

Iron is an important element for many different metabolic processes in the
body, but if its level was high that leads to negative toxic effects in the form
of dangerous reactive oxygen species.

So, the absorption and production of iron should be tightly regulated in
the body. Hence, the liver is considered the main regulator in metabolic and
homeostasis, which involves two protein molecules are hepcidin and
ferroportin that cooperate to control the flow of iron from cells into the
bloodstream (Wallace, 2016). In addition, the enterocytes (site of iron
absorption), erythroid compartments, and macrophages (site of iron
recycling) are contributing to iron regulation (Ganz, 2013).

The major issues in iron metabolism are the duodenum and small
intestine, which are responsible for iron absorption. The absorbed iron can
store in enterocytes or enters the bloodstream to bind to transferrin and
transports throughout the body. The tissues take up they're needed for iron to
perform its process, such as creating new RBCs in bone marrow, oxidative
metabolism in respiring cells, and synthesis of myoglobin in muscles. The
macrophages in the spleen, liver, and bone marrow play a crucial role in iron
recycling from senescent RBCs. As well, the liver has an important function
in regulating and storing iron. By releasing hepcidin hormone, which is
responsible for regulating the release of iron from macrophages and
enterocytes into circulation. Therefore, maintain the plasma iron
concentration.

Most iron exists in hemoglobin of RBCs and can be recycled by
reticuloendothelial macrophages during the erythrophagocytosis process.

All cells in the body have a low amount of iron in order to perform
cellular processes. The circulation pool of iron is relatively limited around
(2- 4 mg) (Dev & Babitt, 2017). Therefore, should be changed every few
hours to achieve the normal demand of iron for erythropoiesis and other body
functions.
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Around (1-2 mg) of iron remains in the duodenum from dietary
absorption, this is counterbalanced by an uncontrolled depletion of (1-2 mg)
of iron, mostly due to epithelial desquamation and blood loss, (Dev & Babitt,
2017). The amount of iron losses in the urinary is pretty low due to the
protein-binding form of circulating iron (transferrin) and many processes for
iron extraction in the kidney. Although the body's iron loss is uncontrolled,
managing dietary iron renewal and iron release from circulating macrophages
and hepatocytes is the main method to monitor systemic iron balance. After
enterocytes consume iron, the circulatory system transports it to other organs
and tissues in the body. Iron in the blood is found either bonded to the protein
transferrin (transferrin-bound iron (TBI) or exists as non transferrin bonded
iron (NTBI), but most of the iron in the form of transferrin bonded iron (Dev
& Babitt, 2017).

The iron in senescent red blood cells can be recycled via macrophages of
the reticuloendothelial system. Ferroportin (FPN) is known asan iron
exporter, responsible for an iron release from cells.

The hepcidin hormone contains 25-amino acid peptide, is produced from
the liver, and responsible for controlling the iron in the body by determining
the amount of released iron into the blood. Also, can control the expression
of hepcidin by many factors include hypoxia, erythropoiesis, inflammation,
and iron status (Rishi & Subramaniam, 2017).

4. Proteins in Systemic lron homeostasis and Treatment

A number of iron transport mechanisms have been identified since 1996.
Rapid progress has been made in recent years in iron studies, which has led
to the characterization of several newly identified key proteins.

4.1 Hephaestin (HEPH)

Hephaestin (HEPH) is a multicopper oxidase protein containing copper,
has ferroxidase activity, involved in the homeostasis and metabolism of iron,
the major role of this protein is regulating iron balance through oxidizing the
ferrous Fellto ferric Felll to be transported from enterocytes into the
circulatory system.

The ferroxidase activity is an important process for iron to bind
transferrin (iron transporting protein) and as well for ferritin (iron storage
protein).

Hephaestin protein is somewhat comparable to ceruloplasmin, with half
of the amino acids being equivalent. It aids in releasing iron through the cell
membrane by oxidizing iron to ferric, which then binds to transferrin. Also, it
assists in the absorption of iron in the intestine (Dunaief et al., 2014).

The mechanism of hephaestin is expressed in iron homeostasis and
metabolism by converting the ferric to ferrous in the intestine. Where, taking
high amounts of iron and have adequate iron reserves result in down-
regulation of ferroportin, hephaestin, and divalent metal transporter 1
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(DMT1). Therefore, iron absorption is reduced from the intestinal cells into
the bloodstream.

As it contrasts, when the iron intake is low and has inadequate iron
reserves, that leads to up-regulation of ferroportin, hephaestin, and divalent
metal transporter 1 (DMT1), in the same time it increases the capacity of
enterocyte for absorption on the basolateral surface and releases into the
bloodstream.

In the condition of inactive ferroxidase in hephaestin, the ferroportin
degenerates, and the redacted iron in the gut can't be returned through the
intestinal cells. So, it is released to the bloodstream that binds to transferrin,
and is secreted in the gut.

4.2 Hepcidin (Hepc)

The iron level in the body is regulated in a constant range. With the
decrease iron level, the uptake increases, and with the increased iron level,
the uptake decreases. As well as this homeostasis is controlled by hepcidin.

Hepcidin protein is synthesized in liver cells. Then, it is extracted into
circulating plasma. The production of hepcidin depends on the iron stores.
Mainly, it is found in the bloodstream and is filtered via kidneys. Its main
role is regulating iron releases from intestinal cells and macrophages to the
blood plasma through control membrane proteins (ferroportin).

The hepcidin binds to ferroportin. Then, the ferroportin is endocytosed,
and the hepcidin is destroyed in lysosomes in the cells. This mechanism
decreases iron absorption and prevents exporting iron from the stores
(enterocyte and hepatocyte) into the bloodstream (Freeman, 2015).

The synthesis of hepcidin is controlled by iron. When the iron level is
high, more hepcidin is produced, and when the level of iron is low the
hepcidin production is decreased. As well, the hepcidin synthesis can be
controlled through hepcidin inhibitor in the bone marrow, which response to
elevated erythropoietin result from severe bleeding or lack of oxygen
(Freeman, 2015). In addition, this result may increase iron transporter
ferroportin because it does not rely on hepcidin control.

Furthermore, if the level of hepcidin is low, and the level of ferroportin
not regulated to it, the enterocyte exports ferrous Fell, to be oxidized by the
multicopper proteins (ceruloplasmin and hephaestin) to ferric Felll in order
to bind transferrin. The main function of transferrin is to chelate iron, making
it soluble, blocking the production of reactive oxygen species, and promoting
its transfer to cells (Ems et al., 2021).

4.3 Current Treatment for Iron Deficiency Anemia

It is necessary for anemia treatment, which happens due to a low level of
iron, to determine its causes and type. More than that, evaluate its severity to
determine the best treatment. For example, in some cases, the iron dietary is
enough for a cure. While in severe cases it needs to give the patient iron

30



INSAC Academic Studies on Natural and Engineering Sciences Chapter 1

supplements intravenous or oral. Also, B vitamins especially B12 and folic
acid B9 supplements can be used in the case of iron deficiency, in regard to
their role in hemoglobin formation.

The oral iron supplement is considered the first option for iron deficiency
treatment. As it is efficacious, convenient, and safe. However, it has side
effects such as pains in the stomach and not well effective in some patients.
For patients who don't respond and don't bear oral iron, intravenous iron is
preferred to use. Where, most clinical situations, including pregnancy,
indicate that the intravenous (1V) iron supplement is safe and effective for the
treatment of severe iron deficiency anemia (Auerbach & Adamson, 2015).

Intravenous iron therapy consists of a core of iron hydroxide covered with
carbohydrate ligands. After given the complexes, the macrophages take them
up by endocytosis. Then, they are either secreted into the serum in the form
of ferrous Fellor combined with ferritin for storage. The iron secreted by
macrophages is rapidly oxidized to ferric iron Felll and combined with
transferrin so that it can be transported to the target site of bone marrow to
synthesize red blood cells and be stored in the liver (StatPearls, 2020).

The oral iron supplements, after taken orally arrive at the duodenum to be
absorbed via enterocyte by the divalent metal-ion transporter 1 (DMT1).
Then, it is either integrated into ferritin or secreted into serum via ferroportin
1 on the basolateral membrane. The ferroportin 1 transporter binds to
multiple copper oxidases, which oxidize Fell to Felll to bind transferrin for
transport to the liver (for storage) and bone marrow (for Hb production).

The active absorption mechanism only absorbs a certain amount of iron.
When iron intake exceeds these thresholds, it is negatively absorbed into the
bloodstream through the paracellular pathway (StatPearls, 2020).

5. Summary

The main idea of this review is to highlight the functions of iron in the
body, and providing its important mechanisms in helping transport oxygen to
organs, and perform the cellular process such as converting the sugar into
energy. In addition, it indicates the lacking of iron that leads to anemia. As
well, anemia has many types that depend on its causes, for example, iron
deficiency anemia is a result of lacking iron due to bleeding or low iron
intake. Furthermore, iron deficiency anemia is also a public health issue and
may have severe clinical effects on people of all ages. For the treatment, the
iron supplements can be taken orally or intravenously.

This condition of lacking iron leads to hypoxia and impair body organs. It
is important to know the anemia type for treatment but, in the case of slight
iron deficiency the diagnosis is hard, so it is required to take tests such as
serum ferritin to learn the iron level in the body. The cure of iron deficiency
anemia usually by taking iron supplements orally or intravenously.

The iron metabolic mechanism and homeostasis are regulated by
cooperating between ferroportin 1 and hepcidin where they control the
amount of absorbed iron in the circulation by permitting or not the iron to
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enter plasma from mucosal intestinal cells. Also, they contribute in balancing
iron in plasma, when iron levels are low, the ferroportin allows the iron to
enter the circulation. While, if the iron level is high, the hepcidin integrated
with ferroportin, thereby reducing the absorption of iron and preventing iron
export from intestinal epithelial cells.

Additionally, the dietary iron can't be absorbed in the ferric state, so it is
needed to convert to a ferrous state to insert into the intestinal lumen. Then,
by the action of hephaestin and ceruloplasmin enzymes, the iron is oxidized
and again return to ferric to associate the transferrin and transport in the
body. Some of it goes to bone marrow for RBCs production and others to
ferritin for storage and to be released when the body needs it.

The Recent studies are focused on enhancing the understanding of the
iron metabolism process and the function of hepcidin as a diagnosis and
therapy method.
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1. Introduction

Several set theories are considered in literature as tools for dealing with
uncertainities and vagueness. In 1999, Molodtsov [18] introduced the notion
of soft set theory as a new mathematical approach to deal with uncertain
objects. Theoretical and applied studies of soft sets have been studied by
various authors in [5, 6, 7, 10, 4]. In 2003, the basic set-theoretic process and
properties of the soft sets are given by Maji et al. [16]. These operations and
properties of the soft set have expanded in more detail by Ali et al. [3] and
Maji et al. [17]. In the continuation of this study, Aygiinoglu and Aygiin in
[8], Cagman et al. in [9] and then Georgiou et al. in [11] made important
contributions to the development of the notion of soft topological spaces. Pei
and Miao [35] defined some special soft sets and discussed their relationship
with information systems where he examined that a soft set can be
represented by Boolean-valued information system. Aktas and Cagman [2]
and Acar et al. [1] introduced the concept of soft group and soft ring
respectively and examined their related features.

In 2002, Pawlak and Peters [25] developed the near set theory as a
generalization of approximated sets which is a generalization of rough set
theory. Later, Peters conducted research on the topological applications via
near sets in [19], computer applications in [28, 30, 31, 32, 33] and especially
on image analysis in [12, 13, 14, 15, 29]. In the studies Peters carried out in
2007 [26, 27], the problem dealt with was the approximate determination of
the perceptual objects that were qualitatively near to each other. The
qualitatively near term means the proximity of the descriptions or the
distinguishing properties of objects. The solution to this problem was
inspired in the early 1980s by Pawlak’s work on the classification of objects
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through the attributes [24].

Many new set definitions have been introduced through soft sets. One of
these is the near soft set defined by Tasbozan et al. [34] in 2017, who studied
the basic properties of near soft sets and the concept of near soft topological
space. Basic definitions and properties such as point, interior, closure, and
continuity in near soft sets were studied by Ozkan in 2019, and the theoretical
studies of near soft sets were continued [20]. In 2020, Ozkan et al. defined
connectivity in near soft topological spaces via near soft sets and examined
their basic properties [21].

In this study, we present the concepts of near soft separation axioms and
near soft compactness by means of near soft sets in near soft topological
spaces. In section 2, we recall the basic concept related to nearness
approximation space and near soft set theory. Section 3 begins by introducing
separation axioms namely near soft nT;-spaces with examples and discuss
their relationships with each other. Some properties of these axioms are also
discussed. Later, we define the concept of near soft regular and near soft
normal spaces and discuss their characterizations. In section 4, we define the
notion of near soft compact spaces and some basic results based on near soft
compact spaces are determined. Moreover, it is thought that these structures
will form the basis for future studies on near soft sets.

2. Preliminary

First we recall some descriptions of near soft sets. From now on, let O be an
primary universal set and F be a set of parameter according to O and B ¢ F
unless otherwise stated. Let N,.(B)(X) be a family of neighbourhoods of a set
X where X € 0.

Definition 2.1. [34] Let NAS = (O,F, B,.N,, vy,) be a nearness
approximation space and o = Gy be a soft set over 0. The soft sets N,«(a) =
G. and Ny (o) = G over O are the lower and upper near approximations of

o = Gg according to NAS defined by
G.(m) = Ny+(G(7) =U {a € 0:@5, < G()}
G*(n) = N7 (G(m) =v {a € 0:@p, N G(n) * O}
for all n € B.
The soft set o is called a near soft set if Bndy, ) (c) = 0.

Unless otherwise specified, we will take parameter B over a universe 0. The
notation NSS(0Og) will represent the set of all near soft sets over O.

Definition 2.2. [20] Let Fz € NSS(0Og) and a € 0. Then a belongs to the
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near soft set F denoted by a € Fy if a € F(n) forall n € B.
Note that fora € 0, a ¢ Fz if a € F(n) for some n € B.

Definition 2.3. [34] Let Gg € NSS(Og). Then Gy is called a null near soft set
G(n) = 0, for every n € B and whole near soft set if G(n) = 0, for every
n € B.

Definition 2.4. Let a € O; then ag denotes the near soft set over 0y for
which a(n) = {a}, foreveryn € B.

Definition 2.5. [34] Let Fg, Gz € NSS(Og). Then Fg is a near soft subset of
Gg if N.(Fg) € N,(Gp) for everyn € B, i.e,, N.(F(n),B) € N.(G(n), B) for
every n € B, denoted by Fz € Gp.

F, is said to be a near soft superset of G i.e. Gy is a near soft subset of F,,
denoted by F, 2 Gg.
Definition 2.6. [20] Let Fg, Gz € NSS(Op). If near soft sets Fp and Gy are
subset of each other, then they are called equal, denoted by Fz = Gp.
Definition 2.7. [20] Let F, and G be near soft sets over a universal set O and
A BCF.

1. The extended intersection of F, and Gz over O is the near soft set H,

denoted by F, N Gz = H, where C = A U B, is described by

F(n) ifneA—-B
Hmn) =<G6(M) ifneB—A
Fn)NnG(n) ifneANnB

foralln € C.

2. The restricted intersection of F, and Gy is the near soft set H. which
is defined by H(n) = F(n) N G(n) foreveryn € C, whereC = AN
B.

3. The extended union of F, and Gy is the near soft set H., denoted by
F,U Gy = H; where C = AU B, is described by

F(m) ifneA—-B
H(@m) =46 ifneB—-A
F(NUG®) ifneANB

foralln € C.

4. The restricted union of F, and Gy is the near soft set H., which is
defined by H(n) = F(n) U G(n) for everyn € C, where C = A N B.

Definition 2.8. [34] Let Fz € NSS(0g). Then Fg is called relative
complement of Fgz, where F€(n) = O — F(n) for all n € B.

41



INSAC Academic Studies on Natural and Engineering Sciences Chapter 2

Definition 2.9. [20] Let Fz € NSS(0Op). If for the element n € B, F(n) # @
and F(n') = o for all n' € B — {n}, then Fy is said to be a near soft point in
0Op, denoted by n¥.

Definition 2.10. [20] Let Gz € NSS(0p). The near soft point n¥ is said to be

in the near soft set G if for the element n € B and F(n) S G(n), denoted by
N

Nr € Gp.

Definition 2.11. [34] Let 0 = Fg be a near soft set over Og, 7 be the
collection of near soft subsets o, B is the non-empty set of parameters, and
then Op is called be a near soft topology on ¢ if the following axioms
satisfies:

1. @g, Og € TwWhere @(n) = @ and F(n) = F, for every n € B.
2. The intersection of any two near soft sets in t belongs to 7.
3. The union of any number of near soft sets in T belongs to 7.

The triplet (0, B, t) is said to be a near soft topological space over 0. The
members of 7 are near soft open sets in O. A near soft set Fy is near soft
closed in O if its relative complement Fg belongs to t.

Throughout this paper, nsts will denote near soft topological spaces.

Definition 2.12. Let Fz € NSS(0Og) and X be a nonempty subset of O. Then
the near subsoft set of Fy over X denoted by *Fy is defined by ¥Fz(n) =
X n Fz(n), for each n € B. In other words, *Fp = {X n Fz(n):n € B}.

Definition 2.13. Let (0,B,7) be a nsts and X be a nonempty subset of
0.Then Ty = {(¥Fg): Fy € 7} is said to be the near soft relative topology over
X and (X, B,ty) is called a near soft subspace of (0, B, 7).

Definition 2.14. [20] Let (O, B, t) be ansts and Fz € NSS(0Og). The near soft
point n¥ € O is callled a near soft interior point of a near soft set Fy if there
exists a near soft open set G such that n¥ € Gy < Fp.

Definition 2.15. [20] Let (O, B, t) be ansts and Fz € NSS(0Og). Then

The near soft closure of Fy is denoted by cl,, (Fz) and defined by
cl,(Fg) =N {Ky 2 Fg: Kyis a near soft closed set of Og}.

The near soft interior of Fy is denoted by int,, (Fg) and defined by
int, (Fg) =U {Gg S Fg: Ggis a near soft open set of Og}.

Definition 2.16. [20] Let (0,B,t) be a nsts and Fz € NSS(Og). If there
exists a near soft open set Gy such that n¥ € Gy € Fg, then Fy is called a
near soft neighborhood (or near soft nbd) of the near soft point n¥ € Op.
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Definition 2.17. [20] Let (O,B,7) be a nsts and Gz € NSS(0Og). If there
exists a near soft open set Vg such that Fy € V5 S Gg, then G is caled a near
soft nbd of the near soft set Fj.

The nbd system of a near soft point ¥, denoted by N,(n¥), is the family of
all its nbds. Moreover, throughout our work, the spaces O and V, we mean
assumed ((0, A,1) and (V, B, ™)) nsts respectively and a near soft mapping
f:0 -7V means a mapping, f:(0,A,t)—> (V,B,7*), w:0 -7V, and
p: A — B are assumed mappings unless otherwise stated and A, B c F.

Definition 2.18. [20] Let NSS(0,) and NSS(Vg) be the families of all near
soft sets over O and V, respectively. The mapping f is said to be a near soft
mapping from O to V, denoted by f: NSS(0,) —» NSS(Vg), where u: 0 - V
and p: A - B are two mappings.

1. LetG, € NSS(0,), then for all w € B image of G4 under f, written
as f(G,) = (f(G),p(A)), is a near soft set in NSS(Vp) defined as
follows;

U uGm), pHw)nA+e
= ep~H(w)n .
f(G)(w) {; P 4

i otherwise

2. Let Fg € NSS(Vg). Then for all n € A the near soft inverse image of
Fg under f, written as f~1(Fg) = (f~1(F),p~1(B)), is a near soft
set in NSS(0,) defined as follows;

FAUF) ) = {u‘l(F(p(n))). p(n) € B

2, otherwise’

Definition 2.19. [21] A near soft map f: NSS(0,) - NSS(Vp) is called a be
injective (resp. surjective, bijective) mapping if f and p are injective (resp.
surjective, bijective) mapping.

Definition 2.20. [20] Let (0, A, t) and (V, B, t*) be two nstss. Let u: 0 = V,
and p: A - B. Let f: NSS(0,) — NSS(Vg) be a mapping and n¥ € 0,. Then

1. f is a near soft continuous mapping at n¥ € 0, if for each Gy €
N+ (f(n¥)), there exits a H, € N, (n¥) such that f(H,) € Gg.

2. f is a near soft continuous mapping on O, if f is near soft continuous
mapping at each near soft point in O,.

Definition 2.21. A near soft map f: NSS(0,) = NSS(Vg) is called a near
soft homeomorphism if it is bijective, near soft continuous and open.

We shall make use of the following result in our work.

Definition 2.22. [20] Let f: O — V where (0,4,7) and (V,B,t*) be nstss
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then f is a near soft continuous on 0, if and only if the inverse image of a
near soft closed set in Vg is a near soft closed set in 0.

3. Near Soft Separation Axioms

In this section, we define near soft separation axioms and explore some of
their properties. We also shall examine the relationship among these axioms.

Definition 3.1. Let O be an initial universal set and (0, B, t) be a nsts over 0.
Then (0, B, 1) is called

1. a near soft T, (written nT,)-space if, whenever a # b € O, either there
exists a near soft open set Gy such that a € Gg, b & Gg or Vy such that
b€ Vg, at V.

2. a near soft T; (written nT,)-space if, whenever a # b € 0O, there exist near
soft open sets Gz and Vz suchthat a € Gg, b € Gg and b € Vg, a & V5.

3. a near soft T, (written nT,)-space (or, near Hausdorff space) if, whenever
a # b € 0, there exist disjoint near soft open sets Gz and Vy in Op such that
a€Ggand b € V.

Proposition 3.2. It is immediately clear from the definitions that nT, =
nT; = nT,.

Example 3.3. Let X = {ay,a,} € O = {a,,a,, a3} be a set of perceptual
objects and let B = {n,,n,} € F = {n1,n2, 15} be a set of functions. Where
n;, i = 1,2,3 functions are the following Table.

Table 1: Table
a, a, as
n [ 0 1
n, 0.2 02 |03
ns (0,01 0,03 0,02

Let 0 = Fg, B = {n1,n,} be a soft set defined by
Fg = {(n1,{a1, az}), (M2, {ay, a2})}

Thenforr =1andr = 2;

Bndy, ) (o) = 0, then o is a near soft set.
T = {@, Fg, F}, F3} where

Fp = {(1,{a1, a2}), (2, {a1, a2 })},
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Fg = {1, {az}), 2, {az}},
F§ = {(n,{a1}), (2, {1 D}

Then (0, B, ) is a nsts over Og. Furthermore (0, B,t) is a nT, (= nT; =
nT,) space over Og.

Remark 3.4. The following example shows that the converse of the
Proposition 3.2 does not hold in general.

Example 3.5. Let O = {a;,a,}, B = {n1,n,} and t = {@, Fz, F1} where Fp,
F3 are soft sets over 0, defined as follows

Fg = {(n1,{a1, az}), (M2, {a1, a2})},
Fg = {(n,{a;)}.

By Table Fg, F2 are near soft sets over 0. Then (0, B, ) is a nsts over Og.
Moreover (0, B,1) is a nTy-space over Og, but neither nT;-space nor near
soft nT,-space.

Example 3.6. Let O = {ay,a,, a3}, B = {n,n,} and © = {@, Fg, F}, F2,F3}
where Fg, F3, FZ, F§ are soft sets over 0, defined as follows

Fp = {(11,0), (n2, 0)},

Fg = {(n1,0), (2, {az )},
F& = {1, {a1}), (12, 0)},
F§ = {1, {a1}), (2, {a2 )}

By Table, Fg, FL,FZ, F2 are near soft sets over 0. Then (0, B, ) is a nsts
over Og. Besides (0, B, 1) is a nT,-space over Og, but nT,-space.

Theorem 3.7. For i = 0,1,2; a subspace of a nT;-space is a nT;-space.

Proof. All of the proofs are straightforward. We consider only the case i = 1.
Suppose a # b € X € O, where (0, B, ) is a nT;-space. If Gy is a near soft
open set in X containing a but not b, then Ug = Gz N X is a near soft open set
in X containing a but not b. Similarly, we can find a near open set V in X
containing b but not a. Therefore (X, B, 7x) is a nT;-space.O

Theorem 3.8. Let (0, B, ) be a nsts over O and a,b € O such that a # b. If
there exist near soft open sets Uy and V such that a € Uz and b € U§ or
b € Vg and a € V§, then (0, B, 1) is a nT,-space.

Proof. Let a,b € O such that a # b and Ug and V near soft open sets such
that a € Uy and b € U5 or b € Vz and a € V§. If b € Ug, then b € (F())¢
for each n € B. This implies that b ¢ F(n) for each n € B. Therefore b ¢
Ug. Similarly we can show that if a € V§ then a & V. Thus (0,B,1) is a
nTy-space.O
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Theorem 3.9. Let (0, B, 1) be a nsts over O. If ag is a near soft closed set in
(0, B, 1) for each a € 0, then (0, B, T) is a nT;-space.

Proof. Since ap is a near soft closed set in (0, B,7) then a§, is a near soft
open set. Let a, b € O such that a # b. For a € 0, aj, is a near soft open set
such that b € af, and a € ag. Similarly bg is such that a € bg and b € bg.
Hence (0, B, T) is a nT;-space.O

Theorem 3.10. Let (O, B, 7) be ansts over O and a € O. If (0, B, 1) is a nT,-
space, then ag =N Fy for each near soft open set Fp with a € Fp.

Proof. Let a,b € O such that a # b. Since (0, B, 7) is a nT,-space there exist
near soft open sets Ug and Vg such that a € Uz and b € Vz and Uz NV =
@ = ag € Ug = agz cn Vg, by Theorem 1.4.0

Definition 3.11. A nsts (0, B, ) is called a near soft regular if whenever Kg
is a near soft closed set and a & Ky there exist disjoint near soft open sets Uy
and Vg such that a € Ug and Kz € V3.

There are some easy characterizations of “near soft regular” that are useful to
recognize.

Theorem 3.12. For a nsts (0, B, T), following are equivalent;
i. O is a near soft regular space,

ii. if Gy is a near soft open set containing a, then there exists a near soft open
set Ug € Op such that a € Ug S cl,,(Ug) S Gg,

iii. at each near soft point a € O there exists a near soft nbd base consisting
of near soft closed neighborhoods.

Proof. i)=ii) Suppose (0, B, ) is a near soft regular space and G is a near
soft open set with a € Gg. Letting Kz = O — Gg, We use near soft regularity
to get disjoint near soft open sets Uy, Vg with a € Uy and Kz C V5.

Then a € UB g Cln(UB) g GB (SInCE Cln(UB) g OB - VB)

i)=iii) If Ng € Ny(q), then a € Gg = int,,(Ng). By ii), we can find a near
soft open set Uy so that a € Uy € cl,,(Ug) S Gz S Ng. Since cl,(Up) is a
near soft nbd of a, the near soft closed neighborhoods of a form a near soft
nbd base at a.

iii)=1) Suppose K3 is a near soft closed set and a € K. By ii), there is a near
soft closed nbd Lz of a such that a € Ly € Oz — Kz. We can choose
Up = int,(Lg) and Vz = Op — Lg to complete the proof that (O0,B, 1) is a
near soft regular space.O

For our next results, we introduce the following definition.

Definition 3.13. A nsts (0, B, 7) is called a nTs-space if it is near soft regular
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space and nT;-space.
Proposition 3.14. It is easy to show that nT; = nT, (= nT; = nTy).

Proof. Suppose (0, B,t) is a nTs-space and a # b € 0. Then Kz = {b} is a
near soft closed set so, by Definition 3.11., there are disjoint near soft open
sets Ug, Vz witha € Ug and b € {b} € V.0

Theorem 3.15. A near soft subspace of a nT;-space is a nT5-space.

Proof. Let X € O where (0, B, 1) is a nT;-space. Suppose a € X and that Kp
is a near soft closed set in Xz does not contain a. There exists a near soft
closed Lg in Op such that Ly N X = K. Choose disjoint near soft open sets
Gp and Hp in Og with a € Gz and Lg S Hg. Then U = Gg N X and Vp =
Hg N X are near soft open in Xg, disjoint, a € Ug, and Ky < V. Thus
(X, B, ty) isanTs-space.O

The obvious “next step up” in separation is the following:

Definition 3.16. A nsts (O, B,t) is called a near soft normal space if,
whenever Kg, Lg are disjoint near soft closed sets in O, there exists disjoint
near soft open sets Ug, Vg in Op With Kz € Ug and Ly S V. Next, (0, B, 1)
is called a nT,-space if (0O, B, 7) is a near soft normal space and nT;-space.

When we combine “near soft normal +nT; ” into nT,, we have a property
that fits perfectly into the separation hierarchy.

Proposition 3.17 nT, = nT; (= nT, = nT; = nTy).

Proof. Suppose (0, B,7) is a nT,-space. If Kg is a near soft closed set not
containing a, then {a} and Ky are disjoint near soft closed sets. By Definition
3.11., we can find disjoint near soft open sets separating {a} and K. It
follows that (0O, B, 7) is a regular space and therefore nT;-space.O

4. Near Soft Compact Spaces

The notion of compactness is important and common in mathematics. It often
allows for finite constructions. It is thought that by constructing the notion of
near soft compact around near soft topology, it can be provided a great
convenience for future studies.

Definition 4.1. Let I be a set (Up);, i € I, a family of subset of NSS(0Og). Let
X be a subset of 0. Then (Ug);, i € 1, is said to be a near soft covering (or a
near soft cover) of O if X CU;¢; (Ug);-

Definition 4.2. Let (0, B, 1) be a nsts. If each (Ug);, i €1, is a near open
(closed) set in (0O, B, 1), then (Ug);, i € I, is said to be a near open (closed)
covering of X if X CU;¢; (Up);.
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Definition 4.3. A finite near soft subfamily (Ug);, (Ug)i,...(Ug);,,, Of
(Ug)i, i €1, is called a finite near soft subcovering (of X) if X € (Ug);, U

(UB)iz U,..,U (UB)in'

Definition 4.4. A nsts (0, B, t) is said to be a near soft compact if every near
soft open cover of O has a finite near soft subcover.

Definition 4.5. A family § of near soft sets has the finite near soft
intersection property (FNSIP) if every finite near soft subfamily of & has
nonempty intersection.

In the following theorem, we give a characterization of near soft compact
spaces in terms of near soft closed sets and we can get one using FNSIP. As
you read the proof of Theorem 4.6, you should see that the characterization is
nothing more a restatement of the definition of near soft compactness that
uses complements to “convert” to near soft closed sets.

Theorem 4.6. For a nsts (0, B, 7), following are equivalent;
i) (0, B, 7) is a near soft compact space,

ii) every family § of near soft closed sets in (O,B,t) with the finite
intersection property also has N § # @.

Proof. i)=ii) Suppose (0, B, ) is a near soft compact space and that & is a
family of near soft closed sets with FNSIP and & = {(Kp);: Kz €&, i € [}.
Let U = {05 — Kz: K € §}. For any Kp , K, .....Kp, € &, the FNSIP tells us
that Op # Og —N{.; Kp, = (Op — Kp,) U...U (Og — Kp,). In other words,
no finite near soft subcollection of U covers (0, B, 7). Since (0,B,7) is a
near soft compact space, U cannot be a near soft cover of Op, that is,
O —UU=n{0-U:UET}=Ng + 0.

ii)=1) We leave the simple proof for the reader.O

Theorem 4.7. Let (0, B, 7) be a nsts. If (O, B, t) is a near soft compact space
and Kj is a near soft closed set in O, then K is a near soft compact set.

Proof. Suppose Ky is a near soft closed set in a near soft compact space
(0,B,1), and let U = {(Uy);:i € I} be a near soft cover of Oy by near soft
open sets in (0, B, t). For each i, pick a near soft open set (V3); in (O, B, 1)
such that (Ug); = (Vg); N Kz. Since Ky is a near soft closed set, the
collection ¥ = {0 — Kz} U {(Vp);:i € I} is a near soft open cover of Op.
Therefore we can find (Vg);,,....(Vs);, S0 that {Op — Kg, (Vg)i,»---» (V)i }
covers Og. Then {(Ug);,, ..., (Up);,} covers Kg, so K is a near soft compact
set in Op.O

Note: The definition of near soft compactness requires that we look at a near
soft cover of K using near soft open sets in K, but it should be clear that it
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is equivalent to look at a near soft cover of O by near soft open sets in
(0, B, 1).

Here we relate the concept of near soft compactness to the near soft
separation property of near soft Hausdorff spaces.

Theorem 4.8. Let (0,B,t) be a nsts. If (0,B,1) is a near soft Hausdorff
space and K is a near soft compact subset, then Ky is a near soft closed set
in Og.

Proof. Suppose Ky is a near soft compact set in a near Hausdorff space
(0,B,1). Let b € 05 — Kp. For each a € Kg, we can choose disjoint near soft
open sets Ug, and Vg, in (0,B,7) where a € Ug, and a € Vg,. Then
U = {Ugq:a € Kg} near soft covers Ky so there are finitely many points
ay,...,an € Kg such that Ugg, ..., Ug,, near soft covers K. Then b € Vy =
Vga, N...N Vgq, S Op — Kp, S0 Op — Kp is a near soft open set and Kj is a
near soft closed set.O0

The next lemma says that "a near soft continuous image of a near soft
compact space is near soft compact”.

Lemma 4.9. Near soft continuous images of near soft compact topological
spaces are near soft compact space.

Proof. Let (0, B, t) be a near soft compact topological space. Suppose that
f:0 - f(0) is a near soft continuous mapping. We need to show that f(0)
with the subspace near soft topology is a near soft compact space. Consider a
near soft open cover for £(0) such as U = {(Uy); < f(0): (Up); € T Vi € I}
such that f(0) SU;¢ (Ug);. Since f is a near soft continuous mapping,
F~Y((Ug);) € T for all i € 1. Moreover, since f is a near soft surjective
mapping 0 = f71(f(0)) € f T (Vier (Up):) =V f1((Up):).  Hence,
{f~Y((Up))):i € I} is a near soft open cover for O but (O, B, t) is a near soft
compact space and therefore, there exists a finite near soft subcover

{71 (Ui f7H((Up)y,)} Thus, 0 SUL, f£71((Up)y) if and only if

f(0) € (UL f7H((Up)) =Viy f(f~H((Up)i)) =Vi=; (U);-  Hence,
{(Ug)i,»-(Ug)y,} is a finite near soft subcover for f(0).0

One important use of the preceding theorem is as a tool for verifying that a
map is a near soft homeomorphism:

Theorem 4.10. Let f: O — V be a bijective near soft continuous mapping. If
O is a near soft compact space and V is a near soft Hausdorff space, then f is
a near soft homeomorphism.

Proof. We shall prove that images of near soft closed sets of O under f are
near soft closed in V; this will prove near soft continuity of the map f~1. If
Ky is a near soft closed set in O, then Ky is a near soft compact set, by
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Theorem 4.7. Therefore, by theorem just proved, f(Kg) is a near soft
compact set. Since V is a near soft Hausdorff space, f(Kjg) is a near soft
closed V, by Theorem 4.8.0

The following theorem shows that near soft compact spaces are preserved
under near soft homeomorphic maps.

Theorem 4.11. Suppose (0, A4, t) and (V, B, ") are near soft homeomorphic
space. Then, (0, A, 1) is a near soft compact space if and only if (V,B,t*) is
a near soft compact space.

Proof. Since (0,4,7) and (V, B, t*) are near soft homeomorphic, there is a
near soft homeomorphism f:0 — V. Let (0,4, 1) be a near soft compact
space. Since f is a near soft homeomorphism, f is a near soft surjective map
and f(0) =V. Moreover, f is a near soft continuous mapping. Hence,
Lemma 4.9 implies that (V,B,7*) is a near soft compact space. The other
direction follows again from Lemma 4.9 applied to f~1.0

Theorem 4.12. Let (0, B, t) be a near soft compact space and (V, B, t*) be a
near soft Hausdorff space. Suppose that f: O — V is a near soft bijective and
near soft continuous. Then, f~1 is a near soft continuous function.

Proof. Let g = f~1:V — 0. Show that for all X c O near soft closed set the
inverse image g~1(X) is a near soft closed in V (see Theorem 2.22). Take
any X < O near soft closed in 0. Since (0, B, t) is a near soft compact space,
Theorem 4.7 implies that X is a near soft compact space. Moreover,
g Y(X) = f(X). Since f is a near soft continuous, f(X) is a near soft
compact set in V by Lemma 4.9. Now f(X) is a near soft compact subspace
of a near soft Hausdorff space and it must be near soft closed by Theorem
4.8. Hence, g~1(X) is a near soft closed in V.0

Corollary 4.13. Let (0, B, t) be a near soft compact space and (V, B, t*) be a
near soft Hausdorff space. Suppose that f: O — V is a near soft bijective and
near soft continuous. Then, f~1 is a near soft continuous and hence, f is a
near soft homeomorphism.

Proof. This is clearly seen from Theorem 4.12.0

Theorem 4.14. Let f be a near soft continuous mapping of a near soft
compact space onto a near soft Hausdorff space (V,B,t*). Then f is a near
soft closed mapping.

Proof. Let K5 be a near soft closed subset of (0, 4, T). Then Kj is a near soft
compact set by Theorem 4.7 So by Lemma 4,9 f(Kp) is a near soft compact
subset of (V, B,t*). As (V, B, t¥) is a near soft Hausdorff space, by Theorem
4.8, f(Kjp) is a near soft closed set. So f is near soft closed mapping.O

Definition 4.15. [21] Let (0, 4, t), (V, B, t*) be nstss. Then (V, B, t*) is said
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to be a near soft quotient space of (0,4, t) if there exists a surjective
mapping f: O — V with the following property; for each subset Uy of V,

Uget o f Y (Up)ET (1)

A surjective mapping f with above property is said to be a near softquotient
mapping. Also, for each subset Fg of V,

Fg is near soft closed in
V,B,t) & f1(Fp) )
is near soft closed in (0, 4, 7).

Remark 4.16. [21] From Definition 4.15 it is clear that every near soft
quotient mapping is a near soft continuous map.

Remark 4.17. [21] Property (1) is near soft equivalent to property (2).

Theorem 4.18. Let f be a near soft continuous mapping of a near soft
compact space (0, 4, 1) onto a near soft Hausdorff space (V, B, t*). Then f is
a near soft quotient mapping.

Proof. We shall use property (2) above. Let Fy; be a subset of V. If f~1(Fp) is
a near soft closed set in (0, 4, 1), then by Theorem 4.7, it is near soft compact
set. As f is a near soft continuous mapping, by Lemma 4.9, f(f~1(Fg)) is a
near soft compact subspace of the near soft Hausdorff space (V,B,t*), and
therefore by Theorem 4.8 is a near soft closed in (V, B,7*). As f is near soft
surjective, f(f~1(Fg)) = A, and we have that Fp is near soft closed.

Conversely, if Fz is a near soft closed in (V,B,t*), then by near soft
continuity of f, f~1(Fg) is a near soft closed in (0,4,7). Thus f has
property (2) and so is a near soft quotient mapping. O

5. Conclusion

With this article, it is considered to pave the way for new studies (theoretical
or applications) as a result of defining the separation axioms and
compactness of near soft set theory. In addition, it should be noted that the
definitions and theorems presented in this article are accepted as a general
theory for the near soft set. The additive of this study is that it provides a near
approach to proximity as an ambiguous concept that can be approximated to
the state of objects and field knowledge.
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1. Introduction

Radiation is the energy carried by particles or electromagnetic waves in
an environment. If an atom loses its electron due to radiation; this radiation is
called ionized radiation. If the atom under the influence of radiation does not
lose its electron, this radiation is also non-ionized radiation. In this case, only
the atom is excited. According to this; radiation should be divided into two as
ionized and non-ionized radiation. High energy radiation is also referred to as
ionizing radiation.

There are many sources of high energy radiation. The main ones are alpha
particle, beta particle, gamma ray and x-ray. Cosmic radiation and neutron
particles can also be added. But these are two types of radiation that we don't
often encounter on the earth's surface. That's why; cosmic radiation and the
neutron particle will be excluded from this scope.

All electromagnetic radiation except cosmic radiation, gamma ray and x-
ray are in the non-ionizing radiation group. lonizing and non-ionizing
radiation types of electromagnetic radiation are shown in Figure 1 [1].

NON-IONIZING IONIZING

RADIO WAVES (RF) il
EXTREMELY X-RAY
LOW FREQUENCY (ELF)

MICROWAVE GAMMA RAYS

NON-THERMAL THERMAL BROKEN BONDS
INDUCES LOW HIGH CURRENTS DAMAGES
CURRENT
HEATING PHOTOCHEMICAL DNA
Microwave Heat Lamp Tanning Medical  Radioactive
Power line Radio-TV Ovenisatellite/ Laser booth X-ray sources

dlmerdmE, ¢ 2p £

Figure 1: lonizing and non-ionizing radiation types of electromagnetic
radiation.
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2. Alpha Radiation

The alpha particle is a twice ionized He atom. The alpha particle is
represented as He™ . It is a positively charged particle. Alpha particle has a
net spin of zero. Compared to other types of radiation, its mass is greater. It is
approximately 8000 times greater than the mass of a beta particle. The speed
of the alpha particle is a slower particle compared to the beta particle and
gamma ray. It produces a high degree of ionization. When the ability to
penetrate through different materials (penetration power) is compared, it is
seen that the alpha particle has a lower penetration power. Since they are
positively charged particles, they are affected by electric and magnetic fields
and show deviation. The deflection of the alpha particle is not as large as the
beta particle due to its large mass.

In alpha decay, the main nucleus loses two protons and two neutrons.
Thus, while the atomic number of the main nucleus decreases by two units
and the mass number also decreases by four units. The general equation of
alpha decay is:

4X - 473y + 4He (1)

When all elements are reviewed, °B, °Gd, Dy, 2'Bi, *®po,
ZOQPO, ZIOPO, lePO, 212At, 213At, 218At,210Rn, 212Rn, 218Rn, 222Rn, 209Fr, 215FI’,
ZZOFI‘, 222Ra, 223Ra, 224Ra., 226Ra, 225AC, 228Th, 229Th, 230Th, 231P3.,
233U, 234U, 236Ul 238U, 237Np, 238PU, 239PU, 240PU, 242Pul 241Am, 243Am,
246Cm, 247Cm, 248Cm' 247Bk, 251Cf and 252Cf| ZSZES, 253ES, 257Fm, 258Md, 259NO,
260)  261Rf 261Ha 22Ha-radioisotopes are known as alpha emitter. The most
powerful alpha emitter of these radioisotopes is 2:°Po. The widely used alpha
emitters are **Ra, ??Rn, *2U nd Z°Th.

Immediately after an alpha radiation, there is usually a gamma radiation.
The reason is that the element that has released the alpha particle remaining
in the excited state releases its remaining energy in this way.

Alpha radiation can be stop by a paper. Alpha particles can travel up to a
few centimeters in the air. Alpha particles cannot pass through human skin.
An alpha-emitting substance is extremely dangerous if it has inhaled or
ingested by food or by air. In terms of biological activity, alpha radiation
leaves biological damage more effective than beta and gamma radiation. The
quality factor of the alpha particle in biological activity is 20 and is much
higher than the quality factor of other radiation.

Alpha particle is used to Kill cancer cells. Here, the cancer cells are
directly targeted. Alpha particles, the distance they take is a few centimeters.
That's why; alpha particles do not affect the surrounding tissues.
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In smoke detectors, alpha particle source is used. The reason is that alpha
particles have the ability to ionize the air. Americium-241 is the alpha source
used in these detectors. When the smoke enters the detector, it absorbs the
alpha particle. The medium becomes ionized and the detector emits signals as
a result of electrical conduction.

Geiger-Miiller counter, scintillation counters and proportional
ounters are commonly used to detect the alpha particles [2,3].

3. Beta Radiation

The mass of the beta particle is smaller than that of the alpha. The mass of
the beta particle is the mass of an electron. The speed of the beta particle is
faster than the alpha particle because of its small mass. However, it is a
slower particle compared to gamma ray. Beta particle also produces
ionization. Its ionization value is lower than the alpha particle. However, the
ionization of the beta particle is higher than the ionization of the gamma ray.
When the ability to penetrate different materials (penetration power) is
compared, it appears that the beta particle has a higher penetration power
than the alpha particle. Beta particles are 100 times more penetrating than
alpha particles. However, it has a lower value than the penetration power of
the gamma ray. Since they are charged particles, they are affected by electric
and magnetic fields and show deviation. They exhibit the movement of a
negatively charged particle. The deflection of the beta particle is larger than
the alpha particle due to its small mass.

Beta degradation occurs in three ways:
a) An electron emission of the nucleus (Electron (8~) emission:);
b) A positron release of the core (Positron () emission:);
¢) Capturing an electron by the nucleus (Electron capture).

The mass number does not change in all three beta decays (AA=0).
Therefore, they are called isobaric transitions. There is change in the atomic
number.

a) Electron (™) Emission: The mass number does not change, the atomic
number increases by 1 unit. The general equation of S~ emission is:

72X > 24 + e @)

With B~ emission, a neutron is transformed into a proton.
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nop+ _Je+v ©))

Here v is the anti-neutrino particle.

b) Positron (%) Emission: The mass number does not change, the atomic
number decreases by 1 unit. The general equation of B* emission is:

éX - Z—qY + 49 4)

With B* emission, a proton is transformed into a neutron.

p-on+ . Je+v (5)

Here v is the neutrino particle.

c) Electron Capture: The mass number does not change, the atomic number
decreases by 1 unit.The general equation of electron capture is:

72X+ fe - Y (6)

With electron capture, a proton is transformed into a neutron.

p+ Je->n+v (7

In the electron capture event, the core captures an electron from the
nearest energy level of the electron. Usually, the nucleus captures the
electron in the K-layer, which is called the K-capture. Electron capture may
also occur for other energy levels of the electron. However, the K-capture
event is more common. K-capture event is shown in Figure 2.
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Figure 2: K-capture event.

Electron capture (K-capture) results in two important events. The first is
the characteristic X-ray (K-characteristic X-ray) and the second is the Auger
event.

Electron in the L-layer or other layers can fill the hole formed in the K-
layer as a result of the K-capture event. If the electron in the L-layer fills the
hole in the K-layer, then the K-characteristic X-ray is emitted. In Figure 3,
formation of the K-characteristic X-ray generated by K-capture is shown.
The energy of the K-characteristic X-ray is hvg. The energy of the K-layer is
Ey and the energy of the L-layer is E;, . The energy of the K-characteristic X-
ray is equal to the difference between these energy levels.

hVK = EK - EL (8)
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Figure 3: Formation of the K-characteristic X-ray generated by K-capture.

The electron transition from the upper energy levels to the K-layer makes
the K-layer excited. The excited K-layer can deliver its energy to electrons in
the L-layer or higher layers. If the L-layer receives this energy, the electron
in the L-layer is emitted with the kinetic energy K, . This event is called the
Auger event and this electron is called the Auger electron. In Figure 4,
formation of Auger event generated by K-capture is shown. Auger event is
not a nuclear event. However, the electron emission of the nucleus as a result
of beta decay is a nuclear event.

K, = hvg — Ey 9)

KLE = hVK - ZEL (10)

Here, K, is the kinetic energy of the Auger electron.
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Figure 4: Formation of Auger event generated by K-capture.

Another event confused with beta decay is the internal conversion event.
In internal conversion, it provides electron separation from the electronic
level by transmitting the nucleus energy to the electron at the energy level
close to the nucleus. Internal conversion is a nuclear event. In Figure 5,
formation of internal conversion is shown. When the beta decay and the
internal conversion are compared, the electron emitted in the beta decay
leaves from the nucleus, while the electron emitted in the internal conversion
exits from the atomic orbit. Also, the beta decay changes the Z atomic
number, while the internal conversion does not change the Z atomic number.
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Figure 5: Formation of internal conversion.

When all elements are reviewed, °H, 8Li, °Be, !!Be, ?B, B, **C, °C,
16N, 17N, 18N, 190' 200] ZOF, 21F, 22|:l 23F, 23Ne, 24Ne, 25Ne, 24Na, 25Na, ZGNa,
27Na, 27Mg, ZSMg, 29Mg’ 28A|, 29A|, SOAI, SlSi, 3ZSi, 338i’ 32P, 33P, 34P, 358, 378,
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385, 3¢, 3¢, PCl OCl “Icl, PAr, “Ar, 2Ar, BAr, “Ar. UK, K, K, 4K,
45K, 46|<7 47K, 45Ca7 47Ca7 49Ca7 50Ca7 AGSC, 47SC, ASSC, 4980’ SOSC, 51Ti, 52Ti,
53Ti, 52V, 53V, 54V, 55Cr, 56CI’, SGMI’I, 57Mn, 58|\/|n7 59Fe, 60e7 BlFe, 62Fe, 6OCO,
®1Co, ®2Co, ®Co, ®Ni, ®*Ni, ®°Ni, ®'Ni, ®®Cu, °’cu, ®cu, ®zn, "zn, "zn,
B7n, °Ga, "“Ga, "Ga, "“Ga, "Ga, "Ge, ""Ge, "®Ge, “Ge, "As, ""As, "As,
PAs, se, Blse, Bge, ¥, BBy, 8By, ¥Ry, #Br, ®Br, ®Kr, ¥'Kr, BKr, ¥Kr,
SGRb, BBRb, 89Rb’ QORb7 89Sr.7 QOSr, ler.7 QZSr’ 938',7 90Y’ le, ng, 93Y, 94Y,
93Zr.7 952r’ 97Zr, QSZr.7 94Nb, 95Nb, %Nb, 97Nb, QQMO’ 101M0, 98TC, 99-|-C7 1OOTC,
103RU, lOSRU, 106RU, 107RU, 104Rh, 105Rh, 106Rh, 107Pd, 109Pd, 111Pd, 112Pd, 108Ag,
110Ag, 111Ag, 112Ag,115Cd, 117Cd, 118Cd, ll4|n’ ll6|n’ ll7|n’ 121Sn,
1238“, lZSSn’ lZGSn, 127Sn, 1228b, 124Sb, 1258b, lZGSb, 127Sb, 127Te, 129-|-e7 131-|-e7
132Te, 133Te, 128|’ 129|’ 130|l 131'; 132|l 133Xe, 135Xe, 137)(el 134CS, 135CS, 136CS,
13705, 138(:5, 1398a, l4OBa, 14lBa, 140La, lAlLa, 142La, 141Ce, 143Ce’ 144(:9, 145C€,
142PI’, 143Pr, 144Pr, 147Nd, 149Nd, 151Nd, 152Nd, 147Pm,
148Pm, 149Pm, 150Pm, 151Sm, 1538m, 155Srn7 154EU, 155EU, lSGEu’ 157EU,
1SQGd, 161Gd, lGOTb, 161Tb, 162Tb, lGSDy, 166Dy, 166H0, 167H0, 169EI’, 171Er, 172Er,
170Tm, l7l-|-m’ 172Tm, 175Yb, 177Yb, 178Yb, 177Lu, 178LU, lBle’ 182Hf, lBSHf,
182Ta, 183-|-a7 185W, 187W, 188W, 186Re, 188Re, 189Re, 19105’ 193(337 19405, :|.92|r.7
194”’ f|.95|r.7 197Pt, 199Pt, ZOOPt, 198AU, lggAU, ZOOAU, 203Hg, 205Hg, 204T|, 206-|-|7
209Pb, 210Pb] lepb, lepb, ZlOBi, leBi, 224Rn, 223Fr, 225Ra, 227Ra, 226AC, 227AC,
ZZSACl 231Th, 233Th, 232Pa, ZSSPa, 237U, 239U, 238Np, 239Np, 241PU, 243Pul 242Am,
2 Am, *®Cm-radioisotopes are known as beta emitter. The widely used beta
emitters are *°Sr, *¥Cs, *"’Lu, Y, **C, *P and ®Ni.

Immediately after a beta radiation, there is usually a gamma radiation.
The reason is that the element that has released the beta particle remaining in
the excited state releases its remaining energy in this way.

Beta particles can be stopped by a thin aluminum plate. Beta particle can
move a few meters in the air. Beta particles can cross human skin but cannot
reach important organs. The most important damage is caused by ingestion of
a beta source.

Beta particle is used to kill cancer cells. A radioactive nucleus emitting
beta particles is added to a molecule and swallowed. So it goes to the cancer
cell and destroys it.

Positrons produced as a result of ositron (8%) emission are used in
positron emission tomography (PET).

In addition, the properties of beta radiation are used for carbon-14 age
determination.

Geiger-Miiller counter, scintillation counter, proportional counter
and ion chamber are commonly used to detect the beta particles [2,3].
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4. Gamma Radiation

Gamma radiation is electromagnetic radiation which is emitted in the form
of photons, not particle radiation. It is massless and has no charge value.
Gamma emission changes only the energy of the atom. Gamma rays move
with the speed of light. Gamma rays also produce ionization. However, the
ionization produced by the gamma ray is less than that of the alpha and beta
particles. Gamma rays have the most powerful penetration power. Gamma
rays are 100 times more penetrating than beta particles. They do not deviate
from the electric and magnetic fields. A few centimeters of lead plates can
stop the gamma rays.

The mass number and atomic number of the atom do not change as a
result of gamma radiation. The general equation of gamma emission is:

AX* S AKX 4y (11)

The energy of gamma radiation is expressed as follows. Here, E; is the
high energy state of the nucleon; E; is the low energy state of the nucleon; h
is Planck's constant; v is the frequency of the radiation emitted

After an alpha decay or after a beta decay, the excited nucleus returns to
its ground state by emitting gamma radiation. Figure 6 a) shows a gamma
radiation after an alpha decay, and Figure 6 b) shows a gamma radiation after
a beta decay.

Ax X

E, a / B E;

a) b)

Figure 6: a) A gamma radiation after an alpha decay; b) A gamma radiation
after a beta decay.
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Three events gain importance in the interaction of gamma rays with
matter. These events are photoelectric event, Compton event and double
formation event. Rayleigh scattering, Thomson scattering, nuclear
photoelectric event, nuclear-resonance scattering and Delbriick scattering are
other important events in the interaction of gamma ray with matter.

149 3 and #*Na are well known gamma-ray emitters.

#Am is a source of low energy gamma ray. It is used in X-ray
fluorescence (XRF) devices.

28y and ?**U, which are used as fuel in nuclear power plants, are good
sources of gamma.

1921 ®Co and 3| are mostly used as gamma ray source for industrial

radiography. Also, **Ir and ®Co are used in cancer treatment. In additon,
gamma rays emitted from **’Cs and **’Ba are also used for cancer treatment.
For a certain time, *°Ra and %*’Rn sources were used as gamma-ray Sources
for industrial radiography. These gamma sources are no longer used.

Gamma rays emitted from ®°Co is used to sterilize medical equipment.
Gamma rays emitted from **™Tc are used to diagnose in medicine.

With gamma rays emitted from ®Co and **'Ba irradiate foods. Thus,
bacteria in foods are eliminated.

Geiger-Miiller counter and scintillation counter are commonly used to
detect the gamma rays [2,3].

5. X-ray

X-rays are the kind of radiation that comes after gamma rays as energy in
the electromagnetic spectrum. X-rays have a wavelength range of 108-10™2
meters. It is divided into two as continuous X-rays (Bremsstrahlung X-rays or
deceleration X-rays or braking X-rays) and characteristic X-rays. The
continuous X-rays are in the form of a wide and continuous band. Sharp
peaks above the continuous band are also characteristic X-rays. Figure 7
shows both characteristic and continuous X-rays.
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Figure 7: Characteristic X-rays and continuous X-rays.

The photons emitted as a result of the passage of electrons from the high
energy level to the low energy level produce characteristic X-rays. If the
electrons move to the first energy level, the emitted X-ray is called the K-
characteristic X-ray. If the electrons fall to the second energy level, then the
emitted X-ray is the L-characteristic X-ray. In this way, the other transitions
are named in turn. In addition, an index such as alpha, beta, and gamma is
made in K-series and other series. For example, in the case of the transition
from the second energy level of the electron to the first energy level, the
emitted X-ray is called K,-characteristic X-ray. The transition from the third
level to the first level is called Kg-characteristic X-ray. In other indices, it is
made according to the electron states falling from higher levels respectively.
Figure 8 shows the formation scheme and naming of the characteristic X-
rays.

o} n=5
N n=4
M| M
M. 3 n=3
L, Lg L,
L Y 4 A 4 n=2
K\.}
K,
K 1
K,

K YV VY fiet

Figure 8: The formation scheme and naming of the characteristic X-rays.

Characteristic X-rays originate from internal orbital electrons. So
electrons at energy levels close to the nucleus play a role here. Characteristic
X-rays are used to determine the crystal structure by X-ray diffraction
method.

As the fast electrons pass by a heavy nucleus, continuous x-rays occur as a
result of the sudden stop of these electrons in the effective area of the
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nucleus. During the formation of continuous X-rays, the first kinetic energy
of the electron accelerated by the V potential is completely transformed into
photon energy. The final kinetic energy of the electron is also zero (K; = e.V,
Ks = 0). The formula that expresses this is as follows:

hpax = €.V (13)

When the required constants are used, the minimum wavelength of the
continuous X-ray is obtained. This law is called the Duane-Hunt law.

1,24.107°
Amin = (14)

14

Here lambda is in meters and V is in volts.

X - Rays are produced by X - Ray Tube. The X-ray tube consists of anode
and cathode element. The cathode is a filament. Electrons emitted from the
heated filament (cathode) produce an X-ray by hitting the anode plate.
Tungsten or molybdenum is used as the anode target. Generally, the use of
tungsten as an anode is common. The tungten is used as both anode and
cathode. The tungsten target is effective in continuous X-ray formation.
Molybdenum anodes are used in most X-ray tubes for mammography. The
molybdenum target is effective in the formation of characteristic X-rays with
suitable energy values for mammography studies. In this tube, continuous X-
rays and characteristic X-rays can be produced. With the acceleration
voltage, the velocities of the electrons are increased, and continuous X-rays
are produced by the sudden stop of the accelerated electrons near the nucleus
of the anode target. If the accelerated electrons interact with the orbital
electrons of the anode target, characteristic X-rays are produced. The
characteristic X-rays reflect a characteristic feature of the substance that
constitutes the anode target. Figure 9 shows the X-ray tube.
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Figure 9: The X-ray tube.

Since X-rays can penetrate different substances, they are used to visualize
the internal structure of the substances. This includes imaging of the body in
hospitals or screening of both people and their belongings in safety transition
areas. It is also be used in computed tomography devices and in the analysis
of many materials.

X-ray techniques used in the qualitative and quantitative analysis of
materials are X-ray fluorescence spectroscopy, particle (proton)-induced X-
ray emission, energy-dispersive X-ray spectroscopy, and wavelength-
dispersive X-ray spectroscopy, X-ray diffraction (XRD).

Geiger-Miiller counter, scintillation counter and semi-conductor detector
are commonly used to detect the X-rays [4-6].

6. Conclusion

As electromagnetic radiation, gamma-rays and X-rays have various effects
on matter. These effects can be expressed as excitation and ionization. Since
the energies of X-rays and gamma-rays are high, the effects on the substance
are mostly ionization.

Although the velocity of alpha and beta particles is not as high as
electromagnetic radiation, they have an ionizing effect on the material since
they have a certain mass and charge.

Due to the ionizing effects of alpha radiation, beta radiation, gamma-ray
and X-ray, they are detected with the appropriate detector system.

In the alpha decay and the beta decay, the atomic number of the element
changes and a different element is obtained, while the element that remains
stimulated in gamma-ray and X-ray emission only releases its energy.

As a result of the Auger event and the internal conversion event, the
electron is emitted. However, these electrons should not be confused with the
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released electrons as a result of beta decay. In the Auger event and internal
transformation, the orbital electron is emitted. In beta decay, the electron is
emitted from the nucleus. While the Auger event is an atomic event, the
internal transformation and beta decay is a nuclear event.
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1. Introduction

Theme Park is the general definition given to entertainment and
educational facilities with indoor and outdoor sections, which are spread over
large surface areas and designed by adhering to a clear fiction or theme to
appeal to the target audience [1]. These target audiences are taken into
account in a wide range and these areas are considered in a variety that will
appeal to people of all ages and cultures. In general terms; although it
resembles large-scale amusement parks with its roller coaster, Ferris wheels
and other components, all entertainment or educational components in theme
parks are designed with stories and purposes in accordance with the
determined fiction [2]. Thus, it has a concept that presents this determined
fiction with every component to the target audience. Unexpected architectural
and landscape design, character, story, etc. suitable for the concept in the
building and outdoor components. It is essential that this feature of the
environment, which has a metaphorical identity by combining it with
mechanical parts, is passed on to the target audience [3].

Considering the examples all over the world, theme parks in a wide
variety of sizes stand out. In addition to being entertaining, there are also
theme parks designed in the fields of culture-art, science-technology, history,
etc. The themes can be listed as follows :

* Botanical parks,

* 700s,

* Aquariums,

» Water or ice parks

* History or dinosaur parks,

* Science and technology parks

It is possible to encounter various examples such as What distinguishes
all these examples from known classical parks is that they are based on a
concept [4].

The International Theme Parks Association (IAAPA) was established in
1918 and is the world's largest international amusement organization
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association, which includes approximately 4500 theme parks in 97 countries
[5]. Members of this union are

* Theme parks and amusement parks,
+ Family entertainment centers,

* Museums and science centers,

» Water parks,

* Zoos and aquariums,

* The sector consists of manufacturers and suppliers.

2. Research Findings

According to 2015 data, the International Theme Parks Association
announced that there are 400 theme parks in the Americas and around 300 in
Europe [6]. The theme park sector, which has grown by 6% in 7 years until
2011, has grown by more than 5% in 2013 alone. Therefore, when we
consider the growth rates of theme parks, it is not difficult to see that the
world's people’s understanding of entertainment and spending time are
rapidly shifting to these and similar areas [6].

We see that the cultures and economies of the countries receive direct
contributions from such entertainment areas day by day. Again, the data of
2015 shows that; The entertainment industry is the second most important
employment-creating industry in the United States, after the healthcare
industry. This situation is similar in countries such as China and India [6].

The main reasons for the emergence of theme parks as a growing sector
are:

« Shows etc. areas become more interesting due to the increase in
technology and creativity.

* Increasing the ease and power of branding

* It provides common family experiences and shares that cannot be caught
at home due to the increasing interest in virtual media tools,

* They can be listed as rational investments and businesses.

In Turkey, we see that the theme park installation and interest continues
to increase. We can say that Vialand, Ankapark, Jurrasic Land, Miniatiirk,
Turkuazoo, Istanbul Aquarium, Aqua Fantsy and Adaland, which are located
in our cities such as Istanbul, Ankara, Eskisehir, Antalya, Gaziantep and
Izmir, are the first and important examples in Turkey.

In addition, it would be appropriate to emphasize that the effect of theme
parks on tourism revenues of countries and our country is positive and on a
large scale.
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In the light of the information given above, the main purpose of this study
is to design/research and develop educational and entertaining mechanical-
based components to be used in indoor or outdoor theme parks, taking into
account our academic infrastructure related to Physics.

This study has a new and original product idea and design. In this
direction, 2 (two) Physics-themed mechanical park components ideas and
designs are proposed. These components and their properties are summarized
below.

2.1. Seesaw with Gear Wheels

The product has a working infrastructure that uses the mechanics of
simple machines, which is one of the basic physics subjects.

From simple machines, seesaw and gear wheel are considered together. In
the design, the force generated during the movement of the movable seesaw
from the center of the balance center is transferred to the gear wheel system
with the help of a shaft placed in the balance center (see Figure 1).

Gear Wheel System

| Balance Center

Figure 1: Seesaw with Gear Wheels
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In the gear wheel system, there are 21 gear wheels with different radii and
gear numbers. Gear wheels are positioned to move each other at different
distances from the centers of rotation. In this design, it is envisaged that the
gear wheels will be made of polyamide material and the seesaw main carrier
material will be made of iron for the physical production of the product.

Figure 2: Top View of Seesaw with Gear Wheels (All dimensions are in
mm.)

Figure 3: Side View of Seesaw with Gear Wheels (All dimensions are in
mm.)
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Since the first gear wheel on which the force transferred from the seesaw
is applied and the others, gear numbers and diameters are different, the
number of turns will also differ depending on these characteristics. The
scaled drawings of the design are given in Figures 2-3.

2.2. Lever Seesaw

This product, which is thought to be approximately 2500 mm tall, will
contain 3 balance centers, so it will be formed from 3 different seesaw bodies
with different balance centers. In fact, the product has a very simple structure
and is a triple seesaw system in which the load and load arm length affect the
movement at different scales, in accordance with the lever working principle.
Figures of the simple design considered as this theme park component are
given below.

Figure 4: Lever Seesaw

Figure 5: Side View of Lever Seesaw (All dimensions are in mm.)
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Figure 6: Top View of Lever Seesaw (All dimensions are in mm.)

3. Summary and Discussion

As a country, the tendency towards theme parks and science centers is
increasing in Turkey. Today, TUBITAK supports local governments in terms
of these areas to be found in closed areas or theme parks with 81 and 81
science center projects. A science center contains about 5-20 exhibits. Each
of these exhibitions consists of 5-40 different R&D products. In Turkey, the
number of companies capable of designing and producing science center
equipment does not exceed 10. Considering that the estimated time for an
exhibition production of 20 products is around 1 year, even if all companies
produce two exhibitions a year, only one science center can be fully equipped
with domestic products per year. With the existing company ecosystem, 81
science centers can be completed in 81 years. However, TUBITAK wants to
complete all science centers within the scope of its 2023 targets, and it is
obvious that the current company ecosystem cannot meet this need, with the
prediction that the average life span of an exhibition is 7 years, taking into
account the changing and developing scientific and technological
competencies. Therefore, under an interdisciplinary perspective, the
publication of product ideas and designs by instructors with academic
knowledge will also contribute to production areas, as in this study.

In this study, it was primarily based on the maturation of the ideas and
designs of two mechanical-themed products, which aim to gain the behavior
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of learning while playing and gaining awareness in the targeted area, similar
to theme parks, to be used in standard parks with visitors from all age groups
from an early age. The proposed components can be reproduced with similar
ideas and used as a physics or mechanics themed playground equipment.

Studies in the literature show that theme parks have become the focal
point both in terms of information and tourism [7]. Therefore, this study is
presented to support the consideration of standard children's parks as the first
stage of these parks, which are established on large areas with large budgets,
and to revise these areas in a similar direction.
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1. Introduction

Renewable energy sources have started to gain importance today due to
the fact that they will never be exhausted and that they do not harm the
environment. Fossil energy sources are being depleted rapidly day by day in
addition to the damage they cause to the environment. When fossil energy
sources are burned, harmful chemicals such as carbon dioxide, sulfur and
nitrogen are released into the atmosphere. Therefore, it has harmful effects on
the environment.

Solar PV energy has grown in the past two decades and will have many
benefits in the future; therefore, it is necessary to know these properties of
energy well. The principle scheme of Photovoltaic (PV) cell as given in

Y

PV Cell/ Solar Cell s PV Cell / Solar Cell Symbol

Figure 1. PV cell and equivalent circuit

PV cells are made of p-n semiconductor elements that convert sunlight
directly into electrical energy. PV cell, due to the semiconductor material in
its structure has a non-linear characteristic. Mono crystalline Cells are widely
used in the development of PV cells as they have 15% higher efficiency
compared to polycrystalline cells. Among other types of solar cell materials,
monocrystalline solar cell has the highest efficiency, more than 20%.
Polycrystalline cell is a suitable material to improve PV module and reduce
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its cost. When the PV system will be installed, according to EN 50380
standard. The following values must be known:

a)Wp, Peak watts (peak power and tolerance,
b) Vmp, Maximum power point voltage,

c) Imp, Maximum power point current,

d) Voc, Open circuit voltage,

e) Isc, Short-circuit current,

f) T- temperature coefficients (for power current and voltage variations),

In Figure 2, the panels used on the roofs are given as assembled.

Figure 2. Roof type SunPower Panels

Which PV modules should be selected when installing the PV plant and the
support that the company to install the plant should provide:

a) Does the product have an international certificate?

b) What is the position of the manufacturer and supplier company in the
market? For example, how long has he been doing this job?

c) Are PV modules readily available? What is the duration of the guarantees
given?

d) Are the PV modules to be used suitable for the system we will install? For
example, is it a network supported system? or will a system independent of
the grid using battery packs be installed?

d) Are the technical specifications of the product provided enough?

When the solar cell is exposed to sunlight, photons fall on it, and as a
result, current is generated by electron motion. A PV cell generates within
0.5 - 0.8 volts depending on temperature, irradiance and semiconductor. This
voltage is very low. Therefore, when designing a PV module, photovoltaic
cells are connected in series. Connection types of PV cells are as shown in
Figure 3.
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Equivalent circuit is found by using analytical equations of PV cell In
practice, there have many equivalent circuits of photovoltaic cells. PV cell’s
equivalent circuit was analyzed using Matlab/Simulink program. As a result
of the analysis, to obtain the electrical model parameter I-V and P-V curve of
the solar cell are found.Various methods are used to find unknown
parameters of PV cell circuit model. The Newton-Raphson method is an
appropriate approach for finding parameters in the equivalent circuit model
of PV cell.

2. Analysis of single diode equivalent circuit of PV cell

The working principle of PV cell and the working principle of p-n
junction diode are the same. Output I-V curve of PV cell in the dark very
similar to the characteristic of the diode. PV cell's circuit model consists of
photovoltaic current, diode with series and parallel resistance. This
equivalent circuit has a non-linear characteristic due to the non-linearity of
the diode current. Some parameters of this model change with radiation and
cell temperature. PV cell's circuit model is shown in Figure 4.

Rs

Figure 4. PV cell single diode modeling
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The double diode model includes the two diode, a double exponential
statement. Therefore, since the single diode model is simpler than the two
diode model, it has a wider use for simulation studies. This model is also
known as five parameters model. Abbreviations in this equivalent circuit; Iph
the electric current produced by sunlight, Id diode current, | load current, Rs
series resistance value, Rsh is the parallel resistance value. It is a known fact
that the increase in the short circuit current density of the cells increases the
resistive losses.

It is requested that the value be low. In an ideal solar cell’s circuit, the
series resistor, compare to the shunt resistor value it is negligible, is assumed
0 ohm but the series resistor is effective in determining the maximum power
point. Parallel resistance (Rsh) refers to leakage currents in a solar cell are
one of the parameters affecting performance. The mathematical equation of
PV cell is as follow:

Lp—1I—I5 =0 1)
Diode current can be expressed as,

Ly = Lo (e — 1) )
The load current of PV cell as defined by Eqg. (3).

q8v+IRg
I=1I,—1Io (e NNSKT — 1) _ (V+IRs)

@)

Rsh

Where, Iph is the photocurrent, lo is the reverse saturation diode current,
q is the electron charge, V is cell output voltage, | is cell output current, k is
the Boltzmann’s constant, T is the junction temperature, n is the diode
ideality factor, Ns is cells connected in series, Rs is represents the internal
resistance and Rsh is parallel leakage current resistance. 10 and n are the sizes
related to the diode. In case of short circuit operation in PV cell, the
equivalent circuit the output voltage is (at V= 0). The short circuit current
from Eq. (3) is found as follows.

IscRs
fie = Tpn =T (et — 1) = fss *)

V known as thermal voltage. It is defined in Eq. (5).

kT
Ve="- (5)

The maximum current of PV cell can be expressed using eq. (3), (at 1=0) as,

(Vmp+ImpRs)
_ —Nv. (Vmp+ImpRs)
Imp - Iph - I0 (e NsVt - 1) - T (6)

Open circuit of PV cell can be expressed using Eq. (3), (at 1=0) as,
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I
Voc = Veln(£* + 1) (7)

The filling factor can be found from the |-V characteristic of the PV cell. The
fill factor parameter refers to the quality of a PV cell. The fill factor
additionally affects the efficiency of the solar cell and is defined as:

FF = meme ®)

VDCISC

Where, Vmp is the maximum voltage of PV cell, Imp is the maximum
current PV cell, Voc is the open circuit voltage of PV cell and Isc is the PV
cell short circuit current. The efficiency () for a solar cell is given as

_ VoclscFF

T GxaA ©
Where, G is amount of irradiation, A is PV cell area. Since it contains a
single exponential expression, the single diode PV cell model is simple.
Therefore, a single diode equivalent circuit is used for simulation studies.

3. Finding PV Cell Equivalent Circuit Parameters by Newton-Raphson
Method

The Newton-Raphson method in numerical analysis is one of the most
frequently used iterative methods that provide rapid convergence. To find the
root of a known function, it only sets an arbitrary initial value of xi, and
iterates through that value using the value of the function at this point and the
value of its derivative at this point.

The equivalent circuit is created by modeling a single diode of the solar
cell. Equivalent circuit parameters are found by Newton-Raphson iterative
method. There are many advantages to using the equivalent circuit of solar
cell. These advantages are the ease of analyzing the circuit with programming
languages such as Matlab, PSpice, Visual Basic and C.

Simulations, models and studies aim to benefit from solar energy and
increase facilitates analysis of the solar cell. The main characteristics of the
PV module analyzed are shown in Table 1. PV cell single diode circuit
parameters were found by the Newton-Raphson method. The characteristic
values of the PV module (Sunpower SPR-X20-250-BLK ) are given in Table
1.
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Table 1: PV Module Parameters (Sunpower SPR-X20-250-BLK)

Short circuit current ( Isc) 6.2A
Open circuit voltage (Voc) 50.9V
Maximum power point of current (Imp) | 5.84 A
Maximum power point of voltage (Vmp) | 42.8V
NOCT 45°C
Number of cells (Ns) 72
Maximum power (Pm) 250W
Peak Efficiency 20.1%
Temperature coefficient of voltage (Voc) | -0,127V/K
Temperature coefficient of current (Isc) | 0.06%/K
Temperature coefficient of power -0.3%/K
Maximum System Voltage 600V

The analysis and modeling of PV systems is difficult due to their non-
linear characteristics. In this study, the Newton-Raphson iterative method
was used to obtain unknown parameters for the modeling of the PV cell with
the Simulink program. After the Iph, lo, n, Rs and Rs parameter values of a
PV cells are determined the analysis of the PV cell and PV module becomes

quite easy.

In this study, Sunpower SPR-X20-250-BLK PV module was used to
obtain datasheet values. This module has a maximum power rating of 2500
watts and consists of 72 PV cell series connected polycrystalline PV cells. In
the attached program; short circuit current, open circuit voltage, irradiance
and temperature values were used. The Matlab/Simulink equivalent of the
Sunpower SPR-X20-250-BLK module is given in Figure 5.

Temperature

Continuous

powergui

;]@l

Controlled
Voltage Source

1-V Graph

P-V Graph

4Ei »  simout

Figure 5. Simulink equivalent of Sunpower SPR-X20-250-BLK module
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Difference methods have been used with the purpose of determination
these parameters. In the present work, we are interested to outline the
photovoltaic module that is typically defined by an equivalent electrical
circuit and to find its parameters by adjusting the I-V Curve at five points.

The diode current in the equivalent circuit of the PV cell is non-linear.
Therefore, the Newton-Raphson was used as the solution method. This
method has several advantages. In particular, it has the ability to quickly find
parameter values.

In order to find circuit parameters equivalent to solar cells, Sunpower
SPR-X20-250-BLK module characteristics and 1-V curves measured at
different radiation values were used. For this reason, PV modules are
represented by non-linear 1-V characteristics and/or P-V characteristic
curves. The |-V characteristic of Sunpower SPR-X20-250-BLK module is as
given in Figure 6.

"

7 T
Ise

A=

5
]
.
2
1
0

0 10 0 30 40 50 Vge 60 VV)

Figure 6. I-V curves of the PV module (Sunpower SPR-X20-250-BLK)

In this work, the five unknown parameters of the photovoltaic module are
determined by extraction it from the datasheet information in Table 1. Using
the iterative method which is the Newton-Raphson method. The simulation
results indicated that the iterative method has a better accuracy and a speed
convergence of several parameters which it can be applied in real-time
applications

PV systems are utilized in diversity of applications as stand-alone, grid
connected and hybrid system. Further, for the maximum extraction power of
PV array or panel. We have to model the PV device which has a non-linear I-
V characteristic with various parameters in need for adjusting it from
experimental data. In addition, the output power of PV device swings to a
great extent depending on the changing of the temperature and the solar
insolation.

We develop an improvement of parameters identification using an
iterative method, which is the Newton-Raphson for extraction, the parameters
from manufacturer’s datasheet by using Matlab/Simulink software program.
We develop an improvement of parameters identification using an iterative
method, which is the Newton-Raphson for extraction, the parameters from
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manufacturer’s datasheet by using Matlab/Simulink software. Since the
general expression of a single diode equivalent circuit model is non-linear,
there is no direct or analytical solution to the equation. Therefore, at least five
independent equations are needed to calculate five parameters. These five
equations are obtained using specific points on the reference 1-V curve. The
five points sampled are highlighted in 1-V curves of Figure 6. The goal of this
study is to create a PV cell model using five unknown parameters (Iph, Iy, n,
Rs, Rsh) and show the behavior of this simulation model against irradiance
and temperature changes through Eg. (3).

In this study, we determined the unknown equivalent circuit parameters of
PV cell using the single diode model via applying the Newton-Raphson
method. In order to examine energy produced by PV module, the equivalent
circuit parameters of the PV cell must be calculated. It is then possible to
generate the five equations using the values in Table 2. These equations are
as shown below.

C=-= (10)
f, =x, —1076x, (eC(V§;;;X4) 1) (V1+11X4) ~1,=0 (11)
f, = x, — 1076x, (eC(VQ;;M) 1) (V2+12X4) —1,=0 (12)
f, = x, — 1076x, (eC(V;:;:M) 1) (V3+13X4) —1,=0 (13)
f, = x, — 107°x, (eC(V§;;:X4) 1) (V4+I4X4) ~1,=0 (14)
f = x, — 1076x, (ec(‘/%gw - 1) - % —1,=0 (15)

As the above equations are complex, their solutions are numerical, and
more easily. Among the numerical methods, the Newton-Raphson method is
an appropriate approach for the simultaneous solution of these equations.
Furthermore, it is represented by five parameters namely Iph photo current,
lo reverse diode saturation current, n ideality factor, represents the internal
resistance and connection resistances in the PV cell Rs and parallel leakage
current resistance Rsh. Many estimation methods have been used in recent
years to find circuit parameters of PV cell. The simulation results indicate
that this method has a better accuracy and a speed convergence of several
parameters. the values in Table 2 are obtained from Figure 6.
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Table 2. Current and voltage values obtained from 1-V curve

Points on the | Voltage (V) Current (A)
1-V curve

1 0.269058 6.23384

2 39.8744 6.0315

3 42.7803 5.8189

4 47.139 4.23208

5 50.6906 0.189004

These generally include methods based on analytical, iterative and
evolutionary algorithms. Analytical methods are the approaches used to
estimate PV cell parameters with developed mathematical methods. The most
important feature of these methods is that they find PV cell parameters
quickly and accurately. The analytical methods used in parameter estimation
methods are quite simple and require little calculation time and reasonable
results can be obtained with a large humber of iterations. The most useful and
fastest among these methods is the the Newton-Raphson iterative method.

In this study, PV cell parameters were obtained by the Newton Raphson
method by using the manufacturer catalogue information of a commercially
available PV module. The data of the photovoltaic module Sunpower SPR-
X20-250-BLK was used for extraction of five unknown parameters by using
the Newton Raphson method which is given the values of these parameters
are shown in Table 3.

Table 3. PV cell single diode equivalent circuit unknown parameters
(Sunpower SPR-X20-250-BLK).

Designations | Designations Value
Value

Ipv 6.2064A

lo 1.86e-10 A

n 1.1365

Rs 0.302

Rsh 621.15Q
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Nowadays, the PV systems have transformed to be a portion of the
electrical power worldwide as they are a part of various renewable energy
resources. The single diode cell equivalent circuit of the Sunpower SPR-X20-
250-BLK module is given in Figure 7.

03020 !

Ioh
° ! Rsh v
6.2064 (A) 621.150Q

.2

Figure 7. PV cell single diode equivalent circuit (Sunpower SPR-X20-250-
BLK)

In this study, the analysis of the single diode model of PV cells was
carried out. The single diode equivalent circuit of the PV cell is also known
as the five parameter model. These parameters are Iph, lo, Rs, Rsh and m.
Here, Iph represents the current produced by the PV cell, Rs the internal
resistance and connection resistances in the cell, and the resistance Rsh
represents the parallel leakage current resistance. lo is the diode reverse
saturation current, m is the diode ideality factor. This model is also known as
the five unknown parameter model, with the parameters being the basis for
the simulation and reconstruction of V-1 curves in PV systems.

A solar cell transforms the energy of sunshine immediately into
electricity using PV effect and it is the fundamental energy engenderment
unit of the solar PV system which is distinguished by an output current and
voltage at present, the cost of investment of these PV systems is relatively
high; however, the lack of electricity and the evolutionary technology will
render solar models more relevant.

Moreover, the solar cell is mathematical models of PV cell as ideal, single
and two-diode model are accessible in literature. Numerous of PV cells are
combined to make a PV system and several numbers of cells are regrouped
together to create PV module or also named PV panel, the last one can be
gathered assembly to form a solar array.

4. 1-V and P-V characteristics curves of PV module and cell

A single diode model was used for the analysis and synthesis of the PV
cell. Modeling for the PV cell was realized with the Matlab/Simulink
program. The 1-V and P-V characteristic curves of the PV cell were obtained
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using the Matlab / Simulink program. The variation of the I-V and P-V
curves of the PV cell is as given in Figure 8.

P v Cl{rve
N Pmax
Isc

Imp

N
\

Current, Power

\
Power Curve

>

Voltage Vmp:  Voc V(V)

Figure 8. PV cell's p-v and i-v curves

The photocurrent of solar cell can be expressed in Eq. (14) as,
G
Iph = [Ise + Ki(T — Tref)] a (16)

The constants are replaced in the Eq. (15),

G

Ion = [Ise + 0.002(T — 298)] —

(17)

In order to calculate the photovoltaic performance of a given irradiance
radiation and module temperature, the current-voltage (I-V) curve of the
module must be known. The diode saturation current can be expressed in Eq.
(18) as,

T\3 Eq , T
1o(T) = locrren (1) exPl G = D] (18)

Where | is the saturation diode reverse current, E, is band gap energy, Tref
is the nominal temperature and Vt is the thermal voltage. Unknown
parameters were found using the of PV cell’s single diode equivalent circuit.
The cell temperature (Tc) of a PV panel can be found using the ambient
temperature (Ta) irradiance (G) value and the NOCT temperature.

NOCT-20

T. =T, + 05

G (19)

The effective use of photovoltaic solar panels has the capacity to be an
important factor for reducing greenhouse gas emissions and preventing
environmental pollution.There are many factors that affect the efficiency of
PV panels. Temperature change is a very influential variable that needs to be
analyzed for efficiency. While low temperatures do not pose a problem for
the efficiency of PV panels, high temperatures affect the output power
negatively. The output power of the panel can be calculated by using the
panel temperature together with the panel power coefficient (up).

Pm(Tc) = Pm,.S‘TC[1 - Hp(Tc - 25)] (20)
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Where Pm is the panel power at STC standard test conditions. NOCT
temperature in PV panels is between 42-52°C. The PV cell curves of I-V and
P-V characteristic were obtained using the Matlab/Simulink program. The

Simulink equivalent used for finding the 1-V and P-V curves of the PV cell is
given in Figure 9.

Figure 9. Matlab / Simulink model of PV cell

Simulink; graphical design of Matlab program, a simulation and analysis
of dynamic systems extension. Simulink; used in the analysis of linear or
nonlinear systems modeled in continuous time and in discrete time. The -V
curve of the single diode equivalent of the PV cell as shown in Figure 10.
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Figure 10. 1-V curves of the PV cell (G: 200 (W/m?), 400 (W/m?), 600
(W/m?), 800 (W/m?), 1000 (W/m?).

Output characteristics PV cell or array 1-V, P-V characteristic depends on
weather conditions. As weather conditions change at any time, the
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characteristics of the PV cell 1-V, P-V constantly change. Figure 7 shows the
PV cell’s the P-V curve. In some applications, since the serial-parallel
connection configurations of the cells in the panel vary depending on weather
conditions, the I-V characteristic of a single cell should be referenced in
place of the panel. Because, considering the new form of I-V characteristic of
a single cell according to the changing weather conditions, this characteristic
can be generalized to the |-V characteristic of the panel by taking into
account the number of series-connected cell and parallel-connected series
cell. PV cell single diode cell equivalent circuit P-V characteristic curve is
given in Figure 11.

P{W)1
1

0 0.1 0.2 0.3 0.4 0.5 0.6  V(Vv)

Figure 11. P-V curves of the PV cell (G: 200 (W/m2), 400 (W/m2), 600
(W/m?), 800 (W/m2), 1000 (W/m?).

In this study, the Newton-Raphson method was used to determine
equivalent circuit parameters of PV cell. These unknown parameters were
calculated from the catalogue information of solar PV module manufacturers.
I-V and P-V curves were obtained from the simulation of PV cell model. The
issue that a diverse model of photovoltaic face is the number of unknown
parameters, which are not indicated by manufacturer’s datasheet. The
Simulik equivalent of the Sunpower SPR-X20-250-BLK module is given in
Figure 12.
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Figure 12. PV Module Matlab/Simulink modeling
(Sunpower SPR-X20-250-BLK)
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Difference methods have been used with the purpose of determination
these parameters. In the present work, we are interested to outline the

photovoltaic module, which is typically defined by an equivalent electrical
circuit, and to find its parameters by adjusting the 1-V Curve at five points.
We develop an improvement of parameters identification using an iterative
method, which is the Newton-Raphson method. The I-V characteristic curve
of the Sunpower SPR-X20-250-BLK module is given in Figure 13.
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Figure 13. PV Module I-V Curve

Irradiation intensity and temperature have an effect on PV panels. In
addition, the series circuit resistance (Rs), parallel circuit resistance (Rsh),
temperature coefficient of short circuit current (ulsc) and coefficient
temperature of open circuit voltage (uVoc) have a significant effect on the

PV panel. The P-V characteristic curve of the Sunpower SPR-X20-250-BLK
module is given in Figure 14.
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Figure 14. PV Module P-V Curve

The simulation results indicate that this method has a better accuracy and

a speed convergence of several parameters. The equivalent circuit parameters
of the PV cell are found by
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Newton-Raphson method, and the model accurately predicts V—I curves,
P-V curves, short circuit current and open circuit voltage across a range of
irradiance and cell temperature. Sunpower SPR-X20-250-BLK module at
different temperature values I-V characteristic curves are given in Figure 15.

Current (A)
= ~

ra
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Figure 15. 1-V Curves of PV Module for different temperature values

Cell power decreases with increasing temperature. The power drop in
Mono and Poly crystalline silicon cells is higher than in thin film cells.
Therefore, efforts must be made to keep the crystalline silicon cell modules
cool. irradiance and cell temperature. Sunpower SPR-X20-250-BLK module
at different temperature values P-V characteristic curves are given in Figure
16.
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Figure 16. P-V characteristic curves of PV Module for different temperature
values

97



INSAC Academic Studies on Natural and Engineering Sciences Chapter 5

The power tolerance of PV panels varies between £2.5% and £5%. For
example, if the power tolerance of a 300W panel is 3%, its actual power may
be between 291W and 309W. This is a factor that increases the mismatch
losses in a PV system, so it would be appropriate to use panels with low
tolerance.

As the radiation value reaching the solar panel surface increases, the
amount of energy produced increases. Therefore, panel layout is one of the
most important issues for the PV system. In panel analysis, it will be assumed
that the panel direction points south, that is, the azimuth angle is zero,
because only in this case the incoming solar radiation can be maximized.
Different connection types of PV modules are given in Figure 17.

100 W, 100 W, 100 W, 100W, Serial Connection

(Hlllﬂﬂlllﬂﬂlllﬂﬂlllﬂw

o, —CH NI
=ov, — NG :
Parallel Connection
CEER
: H
ALl E 400W, i

o
(100 W+ 100 W+ 100 W+ 100 W,)

100W,

Figure 17. Series and parallel connection of PV panels

Connecting solar panels in series to increase the total system voltage. Solar
panels are connected in parallel to increase the output current of the panels.
Solar panels are connected in series and parallel to increase both voltage and
current.

5. Results and discussion

There are five unknown parameters (Iph, 10, m, Rs, Rsh,) the single diode
equivalent circuit of the PV cell. These parameters are not given from the
manufacturers’ datasheets. In this study, unknown parameters of PV cell are
found by Newton-Raphson method. In order to obtain five unknown
parameters of the PV cell, it is necessary to know the 1-V curve of the PV
module. By the way solar irradiance and temperature have impact on these
parameters. Eventually, after the PV cell’s the single diode equivalent circuit
parameters are found, the analysis of PV cell, PV module and PV panel can
be done easily.
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In this respect, many approaches have been put forward in the literature
regarding the modeling PV cells. Among these models, the single diode
equivalent circuit PV cell model is the most widely used model as it is easy
to calculate compared to the double-diode model and gives more realistic
results than other models.

It is possible to increase efficiency by cooling PV systems. In particular,
a different approach is provided in the production of hot water.
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1. Giris

Giliniimiizde birgok farkli sosyal ag sistemi mevcuttur. Instagram,
Facebook, WeChat, TIKTOK ve Twitter en sik kullanilan sosyal ag
uygulamalarinin bazilaridir. Giinlik yasamda, bireyler ¢ogu zaman, cesitli
konular hakkinda, gergek goriis, fikir ve duygularini ifade etme imkani
bulamamaktadir. Sosyal ag uygulamalari, bireylere belli sinirlar icerisinde
goriislerini agiklama, iletme, yorumlatma, yayma, begendirme gibi bir¢cok
olanak sunmaktadir. Sosyal aglar, insanlara kendilerini ifade edebilecekleri
bir ortam sunmaktadir ve insanlar, birgok konudaki duygu ve diisiincelerini
sosyal aglar iizerinden aktarmaktadir. Her giin binlerce kullanicidan binlerce
tweet, mail, tiktok vs. ileti gonderilmektedir. Gonderilen her ileti bir mesaj
iletmektedir ve bu mesaj iletiye konu olan nesne veya durum hakkinda bir
fikir veya goriis icermektedir. Iletilerin icerisinde barindirdig1 bu fikir ve
diisiinceler, tasidigi duygusal anlam acisindan karsi taraf icin deger
kazanmaktadir. Ornek vermek gerekirse, satilan bir {iriiniin begenilip
begenilmemesi, tedarik eden taraf i¢in 6nemli bir aragtir ve degerlidir. Cogu
zaman, kullanicilarin fikir ve disiinceleri belirli bir konu hakkinda
yogunlasabilmektedir. Sosyal aglar diinyasindan gonderilen tiim iletiler
birikerek duygu icerikli bir mesaj verisi havuzu olusturmaktadir. Bu duygu
icerikli mesajlarin birikerek toplanmasi sonucu ilgili birgok konuda 6ngorii
ve tahmin yapmayl miimkiin kilan bir zemin olugmaktadir. Duygu igeren
iletilerin analiz edilerek, bu iletilerden anlamli ¢ikarimlar saglamak ve bu
cikarimlar araciligiyla kestirim ve tahminlerde bulunmak, bircok alanda
onemli bir ¢alisma alanidir. Bu kestirim ve ¢ikarsamalar taraflar icin karar
verme mekanizmasini birebir yonlendiren 6nemli bir ara¢ olmaktadir. Duygu
barindiran bu veri, birgok amagla kullanilmaktadir. Ozellikle ticari amag
giiden sektorler ile sosyal ve siyasal amag giiden kurumlar i¢in; pazarlama
stratejileri, orgiitsel baglilik, miisteri memnuniyeti vb. konularda, hedef kitle
icin duygu ¢ikariminda bulunmak 6nem tagimaktadir. Duygu analizi de bu
¢ikarimlarin yapilmasimi saglayan yontemler biitliniidiir.
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2. Duygu Analizi Nedir?

Duygu, insan olmanm belirleyici unsurlarindan birisidir. Farkli olay veya
durumlar karsisinda farkli duygulara sahip olunabilmektedir. “Duygu”,
“belirli nesne, olay veya bireylerin insanin i¢ diinyasinda uyandirdigi
izlenim” ve “nesneleri veya olaylar1 ahlaki ve estetik yonden degerlendirme
yetenegi” olarak tamimlanmaktadir (TDK, 2020). Psikoloji biliminde
“Duygu”, davramigsal olarak degisebilen genel uyarilmislik hali olarak
tanimlanmaktadir (Morgan, 2010). Duygular fiziksel olarak 6lgiilebilen
bedensel durumlardir. Ayni zamanda bir hisse kargi beliren farkindalik
ifadesidir. Duygu, kisiyi erismesi gereken veya kaginmasi gereken durumlar
karsisinda uyararak yonlendiren veya motive eden itici bir kuvvettir (Morgan,
2010).

Duygular iizerinde yapilan ¢aligmalar Eski Yunan ve Roma donemindeki
filozoflarm yapmis oldugu calismalara kadar uzamaktadir. Ornegin Stoaci
filozoflardan olan Cicero duygulart metus (korku), aegritudo (agri), libido
(schvet) ve lactitia (zevk) olmak iizere dort kategoride temellendirmistir
(Poria ve ark., 2018). Darwin evrim teorisini agiklarken duygularin da
evrimlestigini ve duygularin dogal seleksiyonla gelistigini ve bu nedenle
kiiltiirleraras1 evrensel karsiliklari oldugunu ortaya koymustur (Darwin ve
Prodger, 1998). Ekman (1970), yapmis oldugu c¢aliymada insanlarin
duygularimin mutluluk, Giziintii, korku, 6fke, igrenme ve siirpriz olmak tizere
alti temel kategoride incelenebilecegini bildirmistir (Ekman, 1970).
Duygularin daha derin olarak tanimlanmasi giiniimiize kadar gelmektedir ve
yorgunluk, anksiyete, memnuniyet, karigiklik veya hayal kirikligi, ask,
umutsuzluk gibi temel olmayan duygusal durumlar1 saptamak igin az da olsa
calisma yapilmustir.

Bir duygunun neden ve nasil ortaya ¢iktigini belirten kabul gérmiis 4
temel kuram vardir. Bunlar: James-Lange Kurami, Cannon-Bard Kuramu,
Arnold-Linsey Kurami ve Bilissel Kurami’dir (Siizer, 2020; Yasarsoy, 2006).
James-Lange Kurami fizyolojik tepkimelerin duygulara neden oldugunu
sdylemektedir. Ornegin, bir insamin giilimsedigi icin mutlu oldugunu veya
titredigi i¢in korktugunu ifade etmektedir (Siizer, 2020; Yasarsoy, 2006).
Cannon-Bard kuraminda ise duygularin fizyolojik tepkimelerle ayni anda
gergeklestigi kabul edilmektedir (Dror, 2014; Siizer, 2020; Yasarsoy, 20006).
Cannon-Bard kuraminda duygular fizyolojik durumlara karsi bir tepki
degildir. Cannon-Bard kurami, davranisin g¢evresel etkenlerden kaynakli
olarak hipotalamus araciligryla fizyolojik degisiklikler yaparak duygunun
fark edilmesini sagladigmi kabul etmektedir (Dror, 2014; Yasarsoy, 2006).
Arnold-Linsey kurami ise duygularin kendinden var oldugunu ve duygulara
kars1 tepkilerin de istekli olarak ortaya konuldugunu sdylemektedir (Erdz,
2011; Yasarsoy, 2006). Biligsel kuramcilar ise duygunun bir olayn
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kendisinden ziyade, o olaya dair yorumlarimizdan kaynaklandigmi ifade
etmektedir (Eroz, 2011).

Gegmisten giinlimiize kadar insanlarin duygulart Onem arz etmistir.
Duygular kimi zaman yasanilan kiltiirii olusturmustur. Kimi zaman da
yasanilan kiiltlirii yok etmistir. Bu baglamda duygularin, insanlar en hayati
unsurlarindan biri oldugu tartisilmaz bir gergektir. Duygu, insanlara,
karsilastiklar1 birgok olay, olgu veya nesneyi anlamli veya anlamsiz kilan
esas unsurdur. insanlarm belirli bir konudaki duygulari, ilgili konuyu giiclii
kildig1 gibi zayif da kilabilmektedir. Dolayisiyla duygu iizerinde ¢alismak bir
ihtiya¢ haline gelmistir. Duygu lizerinde ¢aligilan bir alan olan duygu analizi,
giinlimiiz bilisim teknolojileri ve internetteki gelismelere bagh olarak daha
¢ok ihtiyag duyulan bir alan olmay1 basarmustir (Erdz, 2011).

Duygu Analizi (Pozzi ve ark., 2017); insanlarin f{riinler, hizmetler,
organizasyonlar, bireyler, konular ve olaylar veya onlarin &zellikleri
hakkinda duygularmi, degerlendirmelerini ve tutumlarini analiz eden bir
¢aligma alamidir (Agarwal ve Mittal, 2016; B. Liu, 2012a; Poria ve ark.,
2018; Satapathy ve ark., 2018). igerisinde birgok farkli problemin ¢oziimiinii
barindirmaktadir. Fikir madenciligi olarak da adlandirilmaktadir. Duygu
Analizi, elektronik ortamdaki yazili metin iceriklerinde, makine 6grenmesi
tabanli veya istatistiksel yontemlerle c¢esitli analizler yapilarak insani
duygularmn tespit edilerek smiflandirilmasi islemidir (Poria ve ark., 2018).
Bagka bir tanim ile duygu analizi, yazili metinlerin, bilgisayar yazilimlar1 ile
islenerek algoritmik veya istatistiksel ¢oziimler ile analiz edilmesidir. Duygu
analizinde metinlerdeki igerikler analiz edilerek duygu c¢ikarmmi saglanir.
Genellikle metinlerdeki duygular negatif, pozitif ve notr olmak tizere 3 ayr1
polarite olarak hesaplanir (B. Liu, 2012a; Pang ve Lee, 2008; Poria ve ark.,
2018).

Duygu analizi yapilirken 3 teknik seviye; dokiiman seviyesi, ciimle
seviyesi ve varlik-goriis seviyesi olarak kabul edilmektedir (Agarwal ve
Mittal, 2016; B. Liu, 2012a; Satapathy ve ark., 2018; Turney, 2002).

Dokiiman seviyesinde yapilan analizlerde dokiiman igeriginde yer alan
tiim metin i¢in bir fikir ¢ikarilmasi hedeflenmektedir. Genel olarak pozitif
veya negatif bir fikre varilmaktadir (B. Liu, 2012a; Satapathy ve ark., 2018).
Dokiiman seviyesinin avantaji uygulamada kolaylik saglamasidir. Dokiiman
icin genel bir duygu polaritesine ulagilmaktadir. Dokiiman seviyesindeki
dezavantaj ise ele almman nesne hakkinda tiizel kisiliklerin fikrine veya
duygusuna ayr1 ayr1 ulasilamaz olmasidir. Dolayistyla burada hedef bir duygu
polaritesi yerine sadece genel bir duygu polaritesine varilmaktadir (Pang ve
Lee, 2008; Satapathy ve ark., 2018; Turney, 2002).

Ciimle seviyesinde ise her bir climlenin pozitif, negatif ve notr bir icerik
tastyrp tasimadigi tespit edilmektedir. Pozitif ve negatif polarite bir fikir
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beyan ederken, nétr polarite bir fikir beyan etmemektedir (Satapathy ve ark.,
2018). Bu seviye analizinde genel olarak 6znel deger tasiyan ciimleler ile
nesnel fiil cilimlelerini aywrmaya c¢alismaktadir. Bu ayrim &znitelik
smiflandirma teknikleri ile yapilmaktadir. Bu analiz seviyesinde ima veya
ironi igeren Oznel ciimlelerde yeterli hassasiyet gosterememektedir (B. Liu,
2012a; Satapathy ve ark., 2018).

Varlik-goriis seviyesinde ise bir metindeki metin yapilar ile ilgilenmek
yerine direk olarak metnin verdigi fikir ile ilgilenmektedir. Metnin bir duygu
(pozitif-negatif) ve bir fikir (hedef) icerip igermedigi ile ilgilenmektedir (B.
Liu, 2012a; Satapathy ve ark., 2018). Hedefin tanimh olmadigi bir metin
kisitlidir. Metnin vermek istedigi mesaj1 yakalamaya caligmak ve fark etmek,
duygu analizi problemini daha iyi anlamamizi saglamaktadir. Bu analiz
diizeyinin amaci varliklar1 ve yonlerini anlamaktir (B. Liu, 2012b; Satapathy
ve ark., 2018).

Literatiirde herhangi bir duyguyu isaret eden fikirlerin belirtilmesinde 2
farkli goriis one ¢ikmaktadir. Bunlar diizenli goriisler ve karsilastirmali
goriigler olmak ikiye ayrilmistir (Jindal ve Liu, 2006). Liu’ ya gore duygulari
en iyi ifade eden belli bash kabul goren kelimeler de vardir. Ornegin “iyi”,
”giizel”, ”hos” kelimeleri direk beyin tarafindan pozitif bir alg1 uyandirirken,
“cirkin”, “lanet”, "igreng” gibi kelimelerde negatif bir alg1 olusturmaktadir.
Bunun yani sira bir alg1 yaratmayan tarafsiz s6z ve sdz dbekleri de mevcuttur
(B. Liu, 2012a). Ornegin “kalem”, “kol”, “canta”, “git”, “gel” gibi sozciikler
tarafsiz bir algi olusturmaktalar.

Duygu analizi (DA), birgok farkli amacgla kullanilmaktadir. Bunlar;
Oznellik smiflandirmasi, duygu polarite smiflandirmasi, goriis temelli
duyarlilik smiflandirmasi, metin igerik kutupluluk ayrimi, duyarlilik derecesi
tahmini, etki alanlar1 arasi duyarlilik siniflandirmasi, diller aras1 duyarlilik
siiflandirmasi, goriis Ozetlemesi, goriis gorsellestirme, ironi algilama;
duyguyu varlik, 6zne veya zaman bakimindan ¢ikarma; sdzciik kok analizi ve
sozciik anlam ayrimi, duygu s6zligii olusturma, goriis arama ve alma, goriis
temelli spam algilamadir (Pozzi ve ark., 2017).

3. Duygu Analizinde Kullanilan Teknikler Nelerdir?

DA g¢aligmalarinda kullanilan teknikler genel olarak 2 gruba ayrilir.
Bunlar: Makine Ogrenmesi Tabanli Yéntemler ve Semantik Oryantasyon
Tabanli Yontemlerdir.

Makine 6grenmesi tabanli yontemlerde Bulanik Mantik (BM), Destek
Vektdr Makineleri (DVM), Asirt Ogrenme Makinesi (AOM), Konvansiyonel
Sinir Aglar1 (KSA), Naive Bayes (NB) gibi yapay zeka algoritmalar
kullanilarak gerekli 6zniteliklerin belirlenip segilmesi araciligiyla duygu
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polaritesinin 6grenilmesi saglanmaktadir (Cambria ve ark., 2017; Poria ve
ark., 2018; Satapathy ve ark., 2018).

Semantik oryantasyon tabanli duygu analizi yontemlerinde ise genel
olarak dil ile ilgili anlam bilimsel igerik ile ilgilenilir. Dogal dil isleme
araclar1 ve teknikleri veya derlenmis duygu sozliikleri ¢cok sik¢a basvurulan
unsurlardir (Agarwal ve Mittal, 2016; Cambria ve ark., 2016; Poria ve ark.,
2018; Satapathy ve ark., 2018).

Her iki yaklagimim ortak kullanildig1 bir¢ok ¢alisma mevcuttur (Poria ve
ark., 2018). Makine Ogrenmesi ve Semantik Oryantasyon Tabanli
Yontemlerin  bir arada kullamldigi kombine ¢aligmalara multi-modal
yontemler denilmektedir (Poria ve ark., 2018).

3.1. Makine Ogrenmesi Tabanh Teknikler

Makine ogrenmesi tabanli teknikler ile duygu analizi c¢aligilirken,
genellikle dort adimda izlenmektedir. Birinci adim metnin 6n iglenmesi;
ikinci adim metnin 6zellik segme metotlarinin tanimlanmasi ve uygulanmast;
tiglincii adim 6zellik vektdriinde olan her bir 6zelligin agirliklandirilmast ve
temsil edecek 6zelliklerin belirlenmesi; dordiincii adim ise makine 6grenmesi
algoritmalarmim uygulanarak duygunun tespit edilmesi seklindedir (Abdi ve
ark., 2019; Agarwal ve Mittal, 2016; Parlar ve ark., 2018).

Yiiksek boyutlu verilerle ¢alismak, makine &grenmesi algoritmalariyla
yapilan ¢aligmalara bir engel olarak yansimaktadir. Veri boyutunun
biiytikligii, algoritmalarin performansmi etkilemektedir. Dolayisiyla 6zellik
vektorlerindeki ¢ok boyutlulugu azaltmak igin kullanilan 2 farkli yontem
vardir. Bunlardan birincisi “6zellik ¢ikarimi/6zellik degisimi” iken ikincisi de
“ozellik se¢imi” yontemidir (Agarwal ve Mittal, 2016; Cai ve ark., 2018).
Ozellik ¢ikarmmi, 6zellik vektdriiniin boyutunda doniisiim veya iz diisiim
almarak kiigliltme saglamaktadir. Sonu¢ olarak yeni Ozellikler, ¢ikan
sonuglarin baglangigtaki 6zelliklerle kombine edilmesiyle elde edilmektedir.
Ornek olarak TBA ve TDA verilebilir. “Ozellik segme” ydnteminde ise bazi
iyi  Ozellikler biiyilk boyutlu o6zellik vektorii iginden segilerek
kullanilmaktadir. Bilgi Kazanci (BK) yontemi buna bir drnektir. Segilen bu
ozellikler sayesinde alakasiz veya giiriiltiilii 6zellikler elenmis olmaktadir.
Boylelikle sinifi temsil edecek en 6nemli belirgin 6zellikler segilmis olur.
Dolayistyla hem siniflandirma dogrulugu biiyiik bir oranda iyilestirilmis hem
de ¢ikan sonuglarin daha iyi anlasilmasi saglanmigs olmaktadir. Bu da
dogrudan kullanilan ydntemin hesaplama basarimmi ve dogrulugunu
arttirmaktadir (Agarwal ve Mittal, 2016; Bolon-Canedo ve ark., 2018; Cai ve
ark., 2018; Ghaddar ve Naoum-Sawaya, 2018; Kili¢ ve ark., 2015; Labani ve
ark., 2018).
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Makine 6grenmesi tekniklerinde genellikle egitim siireci igin etiketlenmis
genig bir veri seti gerekmektedir. Makine &grenmesi tekniklerinde genel
olarak iki temel zorluk ile karsilasilmaktadir. Bunlarin birincisi, sézciik
torbast gibi yontemlerle 6zellik vektorii olusturulmasi ihtiyacidir ki bu vektor
birgok gereksiz, kirli veya kullanilmamasi1 gereken 6zellik igerebilmektedir.
Ikincisi ise 6zellik vektorii az dzellik icermesi durumu itibariyle sinirlayict
olabilmektedir. Ozellik vektdriiniin smirlayici olmasi performansi olumsuz
etkilemektedir (Agarwal ve Mittal, 2016; Bolon-Canedo ve ark., 2018; K. M.
Schneider, 2004). Ayrica makine 6grenmesine dayali tekniklerde olumsuz
duygular1 yeterince kesin hatlarla ayirmakta sorun yasanmaktadir. Bunun
nedeni ise pozitif kelimelerin hem negatif hem de pozitif duygularda ¢ok
fazla kullanilmasidir (Agarwal ve Mittal, 2016; Alassadi ve lvanauskas,
2019; Awrahman, 2017; Giinay ve Ensari, 2018; Kalayci ve ark., 2018).
Buna bir ornek olarak ironi gosterilebilir. Makine &grenmesi tabanli
yontemler asamali olarak swrayla 6zellik se¢imi, smiflayicilar ve 6zellik
¢ikarimi yontemleri olarak agagida anlatilmaktadir.

3.1.1. Ozellik Secme Teknikleri

Ozellik segme teknikleri, gereksiz ve dnemli olmayan 6zellikleri elemeye
imkan vererek veriyi daha az 6zellikle temsil etmeyi saglamaktadir (Agarwal
ve Mittal, 2016; Cai ve ark., 2018; Hu ve ark., 2018; Labani ve ark., 2018).
Ozellikler 6zellik vektdriinden iki tiirde segilmektedir. Bunlar filtreleme yollu
ve sarmal yollu 6zellik se¢gme olarak tanimlanmaktadir (Agarwal ve Mittal,
2016; Bolon-Canedo ve ark., 2018; Cai ve ark., 2018; Labani ve ark., 2018).

Filtreleme yonteminde biitiin 6zellikler birbirinden bagimsizdir. Her bir
ozellik igin baz1 fonksiyonlar yardimi ile 6zel olma skoru hesaplanmaktadir.
Ozellikler bu skora gore siralanmaktadir. Filtre yaklagimu tabanli yontemler
simiflandiricidan bagimsizdir, basittir ve hizhidir.  Ozellik se¢me islemi
yapildiktan sonra azaltilmig 6zellik vektori bir simiflandirictyla kullanilabilir
(Agarwal ve Mittal, 2016; Bolon-Canedo ve ark., 2018; Kule, 2010; Parlar ve
ark., 2018).

Sarmal yontemde ise Ozellik vektoriiniin  belli alt kimeleri
olusturulmaktadir. Ozellik vektoriindeki 6zellik sayisina gore iistel olarak bu
alt kiime sayisi artmaktadir. Ayrica alt kiime olusturmak i¢in bir arama
yapilmaktadir. Bu arama da hesaplama maliyetini yiikseltmektedir. Ayrica
olusturulan alt kiimelerden en optimal olanlar1 segmek igin bir siniflandirict
kullanilmaktadir. Boylelikle hem alt kiimelerdeki elemanlar birbirine
bagimlidirlar hem de alt kiimeler olusturulurken bir siniflayici yonteme bagli
kalinmaktadir. Bu durumda hem boyuttan hem de hesaplama
performansindan zarar edilmektedir (Agarwal ve Mittal, 2016; Bolon-Canedo
ve ark., 2018; Kule, 2010).
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Baz1 kaynaklar ise gomiilii 6zellik se¢gme yontemlerini ele almaktadir (Hu
ve ark., 2018). Gomiilii yontemler genellikle smiflandirma igin makine
o0grenme modellerini kullanmaktadir ve daha sonra smiflandirici tarafindan
en uygun bir 6zellik alt kiimesi olusturulmaktadir (Hu ve ark., 2018).

e minimum Fazlahk Maksimum Uygunluk (mFMU):

minimum Fazlalalik Maksimum Uygunluk (mFMU), bir smnifin en
onemli Ozniteliklerini se¢mek igin kullanilan filtreleme tabanli bir 6znitelik
se¢me teknigidir (Agarwal ve Mittal, 2016; Auffarth ve ark., 2010; Peng ve
ark., 2005). Oznitelik se¢imi, makine 0grenmenin ana temel unsurlarindan
biri olup bir smifi tanimlayabilecek kadar yiiksek iligkili ve giiglii alt
kiimelerinin seg¢ilmesi islemidir. Bu durumda sinifla maksimum alakali olan
ozellikler secilmis olur. Ayrica bu segilen 6zellikler arasinda smif ile yakin
alakali olup arastirdigimiz konuya uzak olan oznitelikler de icermektedir.
Tam da bu noktada istenmeyen bu &zelliklerden arindirmaya da minimum
fazlalik denir (Peng ve ark., 2005). mFMU bu iki 6zelligi bir arada bulmaya
calisgan bir tekniktir (Kule, 2010; Peng ve ark., 2005). mFMU segilen
ozniteliklerle smif arasindaki iligkiyi 6lgmek igin Karsilikli Bilgi (KB)
kullanir. KB iki dogrusal olmayan ozellik arasindaki korelasyonu
Ol¢mektedir (Agarwal ve Mittal, 2016; Kule, 2010).

F =(f1, f2 oo fn) n tane C smifi 6zniteligi igeren bir kiime

olmak {iizere; bir f, ozelliginin C smifi ile ilgi diizeyi, ortak olasilik
dagiliminin marjinal olasilik dagilimina orani ile elde edilir. Bu da esitlik 1.1.
de gosterilmektedir. Algoritma her bir 6znitelik (f) ile siif etiketi vektoriini
(C) ayrik bir rastlant1 degiskeni olarak goriir. ki 6znitelik (fi,f;) arasindaki
bilgi ve dznitelik ile C smif etiketleri vektorii arasindaki bilgiyi kullanarak
aradaki benzerlikleri bulmaya c¢aligir. Fazlalik ise yani istenmeyen degerlerin
elenmesi ise 6znitelikler arasindaki iliskinin hesaplanmasi ile esitlik 1.2 deki
gibi saglanir. Sonug olarak 6znitelikler esitlik 1.3. ve 1.4. deki fonksiyonlar
kullanilarak se¢ilmektedir (Agarwal ve Mittal, 2016; Kule, 2010).

| P(f .c)
A=KB(F;C)= fmzchEch( f.C)log W (L.1)
| P f)
B:KB(fi,f.)=fiZFszEFP(fi,fj)log m 1.2)
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Karsilikli Bilg i Boliimii = KBB = max( g ) (1.3)

Karsilikl Bilgi Farki = KBF = max( A- B) (1.4)

e Bilgi Kazanci:

Bilgi Kazanci, DA icin 6nemli bir 6znitelik se¢me teknigidir. Bilgi
Kazanci (BK) Shannon’un bilgi kuramina dayanmaktadir (Shannon, 1948).
Bir 6zelligin bir sinif ile ne kadar baglantili oldugunu gosterir (Agarwal ve
Mittal, 2016; Parlar ve ark., 2018). Eger bilgi kazanci azsa, o 6zelligin sinifla
olan ilgisinin de az oldugu anlami ¢ikar. DA c¢aligmalarinda, bilgi kazanci
degeri yiiksek olan kelimeler secilerek Oznitelik vektoriiniin  boyutu
kiigtiltiilmiis olur. Bilgi kazancinin hesaplanmasinda entropi kullanilmaktadir.
Entropi, bir sistemdeki diizensizligin ifadesidir. Entropi, bilgi kuraminda bir
verinin igerdigi bilginin 6l¢iim aracidir. Dolayisiyla bir siniftaki bir 6zelligin
ilgili sinifta goériinmesinden Onceki ve sonraki entropisi arasindaki fark ne
kadar biiyiikse, o 6zelligin ilgili smif ile ilgili olarak o kadar biiyiik bilgi
tagidig1 seklinde yorumlanir. Bilgi Kazanci biiyiik olan 6zellikler, smifi daha
¢ok temsil etmektedir (Budak, 2018; Parlar ve ark., 2018).

CZ{CI,CZ,...,Cm} , m tane smifin kiimesi olsun. P(Ci), C

smifinda kag tane dokiiman olma olasilig1 olmak iizere, bu siniflara entropi
esitlik 1.5. ile hesaplanir.

H (C):-i ElP(ci )Iog2 P(Ci) (1.5)

A= (al’ a,z, Va ’an) seklinde A 6zniteligin n farkli degerleri varsa;

A Ozniteliginin gdzlenmesinden sonra A’nin entropisi esitlik 1.6. ile
hesaplanmaktadir.

n m
H(C|A)= 'Zl —P(ajj Y P(ci |aj)log2 P(Ci |aj) (1.6)

j= j=1
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Bilgi Kazanci (BK) ise ilgili 6zelligin gdzlenmesinden sonraki ve 6nceki
entropi degerleri arasindaki farktir (Agarwal ve Mittal, 2016; Parlar ve ark.,
2018). Bilgi kazanc1 esitlik 1.7. de goriildiigii sekilde hesaplanmaktadir.

IG(A) = H(C)-H(C|A) @7
3.1.2. Simflayici Teknikler

e Multinomial Naive Bayes (MNNB) Siniflayicisi

Multimomial Naive Bayes (MNNB), bir metindeki kelimelerin dagilimini
¢ok terimli olarak modelleyen bir Naif Bayes smiflayicidir ve bir 6zelligin bir
smifa ait olma olasihigini kullanir(Juan ve Ney, 2002; Kibriya ve ark., 2004;
K. M. Schneider, 2004). Cok terimli veri setlerinde tercih edilmektedir.
Ozellikler arasindan, smnifa ait olma olasilif1 en yiiksek olanlar 6znitelik
olarak secilir. Bir 6zniteligin se¢ilmesini saglayan en ¢ok olabilirlik esitlik
1.8 ile hesaplanmaktadir.

C oo = ramax P(c) [P(, Ic) (L.8)
ceC

Burada P(c), bir dokiimanmn bir C smifina ait olma olasiligidir. Esitlik 1.9
ile hesaplanir. P(tjlc) ise Ti ozelliginin C smifina ait olmasmmn kosullu
olasiligidir ve Esitlik 1.10 ile hesaplanmaktadir.

Nc
P(c)=—

() N

) nt;c+1

P(t|c)

= 1.10
Nc+|V | (L10)

o Destek Vektor Makinesi (DVM) Simiflayici

DVM istatistiksel tabanli olup nonparametrik bir yontemdir (Cortes ve
Vapnik, 1995). Verinin kuramsal dagilimi hakkinda herhangi bir 6nbilgi
olmadiginda  kullanilabilir. ~ Dogrusal olarak  modellenebilen  ve
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modellenemeyen verilere uygulanabilmektedir. Cok fazla degiskenle
calisabilen bir modeldir (Balli ve ark., 2018; Ghaddar ve Naoum-Sawaya,
2018; Giinay ve Ensari, 2018; Kalayci ve ark., 2018; Ozlem ve Gormiis,
2019; Pham ve ark., 2018; Takeuchi ve ark., 2018; Tang ve ark., 2018;
Thakur ve Deshpande, 2019). Yapilan galigmalarda DVM smiflayicilarin
yiiksek oranlarda dogruluk sagladig: belirtilmektedir. DVM birgok uygulama
icin  kullanilmis en iyi smiflayict algoritmalardan biri  olarak
tanimlanmaktadir (Balli ve ark., 2018; Ghaddar ve Naoum-Sawaya, 2018;
Giinay ve Ensari, 2018; Kalayc1 ve ark., 2018; Ozlem ve Gormiis, 2019;
Pham ve ark., 2018; Takeuchi ve ark., 2018; Tang ve ark., 2018; Thakur ve
Deshpande, 2019). DVM smiflayic1 denetimli bir 6grenme modeli olup, DA
alaninda sik¢a kullanilmaktadir (Coban ve Ozyer, 2018; Ozyurt ve Akcayol,
2018).

3.1.3. Ozellik Cikarim Yéntemleri

DA i¢in kullanilan o6zellik ¢ikarim ydntemleri genel olarak 3’e
ayrilmaktadir. Bunlar temel Ozellikler (unigram, bi-gram, POS tagging,
bagimlilik durumu), karma ozellikler ve belirgin 6zelliklerdir. En sik
kullanilan 6zellik ¢ikarim yontemleri N-Gram, POS Tags, NKB (PMI), ve
TF-TDF yontemleridir (Pang ve Lee, 2008).

e N-Gram

N-Gram bir metin dizisindeki tekrarli ifadeleri bulmaya ¢alisan bir
yontemdir. BoW olarak da adlandirilmaktadir. N ka¢ karakterlik arama
yaptigimizi belirti. Gram ise N’e karsilik gelen bulunma sonucunun
degeridir. N’nin 1 oldugu durumlar Unigram, 2 oldugu durumlar Bigram, 3
oldugu durumlar Trigram olarak 6zel adlandirilmaktadir. N, 3’ten biiyiik
oldugunda da N-Gram olarak adlandirilir. N-gramlar karakter veya kelime
bazinda kullanilabilir (Agarwal ve Mittal, 2016; Pang ve Lee, 2008).

e POS Tags

Ciimlenin 6geleri ile 6zellik ¢ikarimina Sozciik Tiirii Etiketleme (POS
Tagging) denilmektedir (Agarwal ve Mittal, 2016; Cambria ve ark., 2016;
Satapathy ve ark., 2018). Ciimlenin ogeleri ikili (bi-tagged) ve tugli (tri-
tagged) birlesimler kullanilarak 6zellik ¢ikarimi saglanmaktadir. Sozciik tiirii
etiketleme bir climledeki sozciiklerin dilbilgisi tiirli karsiliklar1 ile
etiketlenmesidir. Dilbilgisi tiirleri isim, sifat, zamir, zarf, fiil, edat ve
baglaclardir. Etiketleme isleminde her kelimenin karsiligi olan tiir bulunarak
karsisina yazilir. Bu iglemler igin bir¢ok farkli dil i¢in dogal dil isleme (NLP)
araglar1 gelistirilmistir. Orneklemek gerekirse Tiirkce icin Zemberek NLP
(Akm ve Akm, 2007), ITU NLP Portal (Eryigit, 2014) bu araglardan
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bazilaridir. Ingilizce Dili igin Standford NLP Toolkit (Manning ve ark.,
2014) 6rnek bir dogal dil isleme aracidir.

e Terim Frekansi - Ters Dokiiman Frekansi

Terim Frekans1 (TF), bir dokiiman igerisinde bir terimin ka¢ kez gectigini
ifade eder. Terim Frekansi, esitlik 1.12°te gosterildigi  sekilde
hesaplanmaktadir. Ters Dokiiman Frekansi (TDF) ise TF degerinin, bu
terimin gectigi toplam dokiiman sayisina oranin logaritmasini ifade eder. TF,
esitlik 1.12°de gosterildigi sekilde, Ters Dokiiman Frekansi ise esitlik 1.13’te
gosterildigi sekilde hesaplanmaktadir. TF-TDF degeri ise bu iki degerin
carpimidir (Coban ve Ozyer, 2018; Kilig ve ark., 2015; Salton ve Buckley,
1988). TFy, k dokiimani igerisinde i teriminin bulunma sayisii; dfj, i
teriminin en az bir defa bulundugu dokiiman sayisini; D ise toplam dokiiman
sayisint ifade etmektedir. TF-TDF ise esitlik 1.14’te gosterildigi sekilde
hesaplanmaktadir;

_ (1.12)
Z t et
IDF, = |og(3) (1.13)
‘ df, '
TF - IDF, =TF, xIDF, (1.14)

e Noktasal Karsihkh Bilgi:

Bir metindeki iki sézciigiin birlikte goriilme durumunun rassal olmadigi
fikrine dayanarak iki sozciik arasindaki iligkisinin hesaplanmasidir. Bu iliski
her sozciigiin tek basina ayri ayr1 goriilme olasilig1 ile birlikte goriilme
olasiliklarinin iliskisidir (Church ve Hanks, 1990; Celik ve Bilge, 2015).
Noktasal karsilikli  bilgi degeri esitlik 1.15’te  gosterildigi  gibi
hesaplanmaktadir;

PMI(x;y) =log, PT)EXE& (L15)
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3.2. Duygu Analizinde Sozliik Tabanh Teknikler

Sozlikk tabanli yontemlerde, ilgili dil i¢in daha 6nceden olusturulmus
derlemler kullanilmaktadir. Genellikle bu tiir derlemlerde, her bir kelimeye
en ¢ok 3 farkli duygu i¢in duygu skoru atanmaktadir. Bu duygu skoru
genellikle 0-1 arasinda bir deger olup, her ii¢ duygu i¢in toplam skor 1’e esit
olmaktadir. Her bir dil i¢in, dilin 6zelliklerine bagh olarak farkliliklar
gosteren birgok duygu sozliigii mevcuttur. Tiirkge dili icin de birgok farkls
sozlilk olusturma ¢aligmalart mevcuttur. Ingilizce Dili i¢in derlenmis gok
sayida duygu sozIligli bulunmaktadir. Bunlarm en sik kullanilanlar1 sunlardir:
AFINN (Nielsen, 2011), Senti WordNet 3 (Baccianella ve ark., 2010),
SentiWordNet (Esuli ve Sebastiani, 2006, 2007), MPQA 3.0 (Deng ve
Wiebe, 2015), Senticnet versiyonlari (Cambria ve ark., 2012; Cambria ve
ark., 2014; Cambria ve ark., 2016; Cambria ve ark., 2010), ANEW (Nielsen,
2011) . Tiirkge dili i¢in de benzer birgok duygu sozliigi ¢aligmast mevcuttur
(Dehkharghani ve ark., 2016; Omurca ve ark., 2017; Saglam ve ark., 2016).

Duygu sozliikleri ile yapilan DA c¢aligmalarmin sonuglar1 kullanilan
sozliigiin basarimi ile dogrudan orantilidir. Duygu sozliikkleri olusturulurken
ozellik segme tekniklerine basvurulmaktadir. Dillerin yapist da segilecek
ozellik segme yonteminin basarimimi etkileyebilmektedir. Dolayisiyla yapilan
calismanin ne kadar basarili oldugunu smirlayarak etkilemektedir. Ancak
duygu sozliikleri, kelimeleri kullanima hazir sunulmalar1 yoniiyle pratiklik
saglamaktadir. Bu yoniliyle sozlik tabanli teknikler kolaylikla
uygulanabilirken basarim sonuglar1 tamamen s6zliigiin yapisia baghdir. Bu
yonilyle de dezavantaj saglamaktadir (Buyya ve ark., 2016; Saglam ve ark.,
2016).

4. Sonug

Bu c¢aligmada duygu analizinin tanimina, duygu analizinde kullanilan
yontemler arasindaki farka ve bu yontemlerin ¢esitliligine deginilerek, duygu
analizinin giiniimiizdeki onemine dikkat c¢ekilmektedir. Duygu analizi
konusunda ¢alisacak arastirmacilara ve makine 6grenmesi ile yapay zeka
alanlarinda, yazn alanina katki saglamasi hedeflenmistir.
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Van YYU Bilimsel Arastirma Projeleri Bagkanligi tarafindan FDK-2019-
7850 Numarah proje ile desteklenmistir.

116



INSAC Academic Studies on Natural and Engineering Sciences Chapter 6

5. Referanslar

Abdi, A., Shamsuddin, S. M., Hasan, S.,Piran, J., 2019. Deep learning-
based sentiment classification of evaluative text based on Multi-
feature fusion. Information processing & management, 56(4): 1245-
1259.

Agarwal, B.,Mittal, N., 2016. Prominent feature extraction for sentiment
analysis. (Vol. 2). Springer, India, 21-45.

Akin, A. A.,Akin, M. D., 2007. Zemberek, an open source nlp framework
for turkic languages. Structure, 10: 1-5.

Alassadi, A.,Ivanauskas, T. (2019). Classification performance between
machine learning and traditional programming in Java. (Bachelor).
Kristianstad University, Sweden.

Auffarth, B., Lopez, M.,Cerquides, J., 2010. Comparison of redundancy
and relevance measures for feature selection in tissue classification of
CT images. Industrial Conference on Data Mining. 248-262.

Awrahman, B. J. A. (2017). Mapreduce ve makine égrenmesi yontemleri
ile biiyiik sosyal veride duygu analizi ve fikir madenciligi. (Doktora
Tezi). Firat Universitesi, Elaz1g.

Baccianella, S., Esuli, A.,Sebastiani, F., 2010. Sentiwordnet 3.0: an
enhanced lexical resource for sentiment analysis and opinion mining.
Lrec. 2200-2204.

Balli, S., Sagbas, E. A.Korukoglu, S., 2018. Akilli Telefon Hareket
Algilayicilart ile Ulasim Tiirlerinin Gergek Zamanli Tespit Edilmesi.
International Conference on Intelligent Transportation Systems
(BANU-ITSC’18). 21.

Bolon-Canedo, V., Rego-Fernandez, D., Peteiro-Barral, D., Alonso-
Betanzos, A., Guijarro-Berdinas, B.,Sanchez-Marofio, N., 2018. On
the scalability of feature selection methods on high-dimensional data.
Knowledge and Information Systems: 1-48.

Budak, H., 2018. Ozellik Secim Yontemleri ve Yeni Bir Yaklasim.
Siileyman Demirel Universitesi Fen Bilimleri Enstitiisii Dergisi,

22(0zel Say): 21-31.

Buyya, R., Calheiros, R. N.,Dastjerdi, A. V., 2016. Big data: Principles
and Paradigms. Morgan Kaufmann, USA, 3-223.

Cai, J., Luo, J., Wang, S.,Yang, S., 2018. Feature selection in machine
learning: A new perspective. Neurocomputing, 300: 70-79.

117



INSAC Academic Studies on Natural and Engineering Sciences Chapter 6

Cambria, E., Das, D., Bandyopadhyay, S.,Feraco, A., 2017. A practical
guide to sentiment analysis. Springer, 15-110.

Cambria, E., Havasi, C.,Hussain, A., 2012. Senticnet 2: A semantic and
affective resource for opinion mining and sentiment analysis. Twenty-
Fifth International FLAIRS Conference.

Cambria, E., Olsher, D.,Rajagopal, D., 2014. SenticNet 3: a common and
common-sense knowledge base for cognition-driven sentiment
analysis. Twenty-eighth AAAI conference on artificial intelligence.

Cambria, E., Poria, S., Bajpai, R.,Schuller, B., 2016. SenticNet 4: A
semantic resource for sentiment analysis based on conceptual
primitives. Proceedings of COLING 2016, the 26th international
conference on computational linguistics: Technical papers. 2666-
2677.

Cambria, E., Speer, R., Havasi, C.,Hussain, A., 2010. Senticnet: A
publicly available semantic resource for opinion mining. 2010 AAAI
Fall Symposium Series.

Church, K. W.,Hanks, P., 1990. Word association norms, mutual
information, and lexicography. Computational linguistics, 16(1): 22-
29.

Cortes, C.Vapnik, V., 1995. Support-vector networks. Machine
learning, 20(3): 273-297.

Celik, C.,Bilge, H. S., 2015. Agirliklandirilmis kosullu karsilikli bilgi ile
oznitelik secimi. Gazi Universitesi Mithendislik-Mimarlik Fakiiltesi
Dergisi, 30(4).

Coban, O.,0zyer, G. T., 2018. Word2vec and Clustering based Twitter
Sentiment Analysis. 2018 International Conference on Artificial
Intelligence and Data Processing (IDAP). 1-5.

Darwin, C.,Prodger, P., 1998. The expression of the emotions in man
and animals. Oxford University Press, USA, 35-75.

Dehkharghani, R., Saygin, Y., Yanikoglu, B.,Oflazer, K., 2016.
SentiTurkNet: a Turkish polarity lexicon for sentiment analysis.
Language Resources and Evaluation, 50(3): 667-685.

Deng, L., Wiebe, J., 2015. Mpga 3.0: An entity/event-level sentiment
corpus. Proceedings of the 2015 Conference of the North American
Chapter of the Association for Computational Linguistics: Human
Language Technologies. 1323-1328.

118



INSAC Academic Studies on Natural and Engineering Sciences Chapter 6

Dror, O. E., 2014. The Cannon-Bard thalamic theory of emotions: A brief
genealogy and reappraisal. Emotion Review, 6(1): 13-20.

Ekman, P., 1970. Universal facial expressions of emotions. California
mental health research digest, 8(4): 151-158.

Eroz, S. S. (2011). Duygusal zeka ve iletisim arasindaki iliski: Bir
uygulama. (Doktora Tezi). Uludag Universitesi, Bursa.

Eryigit, G., 2014. ITU Turkish NLP web service. Proceedings of the
Demonstrations at the 14th Conference of the European Chapter of
the Association for Computational Linguistics. 1-4.

Esuli, A.,Sebastiani, F., 2006. Sentiwordnet: A publicly available lexical
resource for opinion mining. LREC. 417-422.

Esuli, A.,Sebastiani, F., 2007. SentiWordNet: A high-coverage lexical
resource for opinion mining. Evaluation, 17: 1-26.

Ghaddar, B.,Naoum-Sawaya, J., 2018. High dimensional data
classification and feature selection using support vector machines.
European Journal of Operational Research, 265(3): 993-1004.

Gilinay, M.,Ensari, T., 2018. Predictive churn analysis with machine
learning methods. 2018 26th Signal Processing and Communications
Applications Conference (S1U). 1-4.

Hu, L., Gao, W., Zhao, K., Zhang, P.,Wang, F., 2018. Feature selection
considering two types of feature relevancy and feature
interdependency. Expert Systems with Applications, 93: 423-434.

Juan, A.,Ney, H., 2002. Reversing and Smoothing the Multinomial Naive
Bayes Text Classifier. PRIS. 200-212.

Kalayci, S., Kamasak, M.,Arslan, S., 2018. Credit risk analysis using
machine learning algorithms. 2018 26th Signal Processing and
Communications Applications Conference (SIU). 1-4.

Kibriya, A. M., Frank, E., Pfahringer, B.,Holmes, G., 2004. Multinomial
naive bayes for text categorization revisited. Australasian Joint
Conference on Atrtificial Intelligence. 488-499.

Kilig, E., Ates, N., Karakaya, A.,Sahin, D. O., 2015. Two new feature
extraction methods for text classification: TESDF and SADF. 2015
23nd Signal Processing and Communications Applications
Conference (SIU). 475-478.

119



INSAC Academic Studies on Natural and Engineering Sciences Chapter 6

Kule, A. K. (2010). Farkli Karsilikli Bilgi Kestirim Yontemleri
Kullanarak Oznitelik Secimi. (Yiiksek Lisans). Istanbul Teknik
Universitesi, Istanbul.

Labani, M., Moradi, P., Ahmadizar, F.Jalili, M., 2018. A novel
multivariate filter method for feature selection in text classification
problems. Engineering Applications of Artificial Intelligence, 70:
25-37.

Liu, B., 2012b. Sentiment analysis and opinion mining. (Vol. 5), 1-167.

Manning, C., Surdeanu, M., Bauer, J., Finkel, J., Bethard, S.,McClosky,
D., 2014. The Stanford CoreNLP natural language processing toolkit.
Proceedings of 52nd annual meeting of the association for
computational linguistics: system demonstrations. 55-60.

Morgan, C. T., 2010. Psikolojiye Giris. (R. E. Sirel Karakas Ed. 18 ed.).
Egitim Yaynevi, Konya, 193-221.

Nielsen, F. A., 2011. A new ANEW: Evaluation of a word list for
sentiment analysis in microblogs. arXiv preprint arXiv:1103.2903.

Omurca, S. 1., Ekinci, E.,Tiirkmen, H., 2017. An annotated corpus for
Turkish sentiment analysis at sentence level. 2017 International
Artificial Intelligence and Data Processing Symposium (IDAP). 1-5.

Ozlem, A.,Gormiis, E. T., 2019. Goktiirk-2 ve Hyperion EO-1 Uydu
Goriintiilerinden Rastgele Orman Siniflandiricist ve Destek Vektor
Makineleri ile Arazi Kullanim Haritalarmin Uretilmesi. Journal of
Geomatics, 4(1): 68-81.

C)zyurt, B.,Akgayol, M. A., 2018. Fikir madenciligi ve duygu analizi,
yaklasimlar, yontemler iizerine bir arastrma. Selcuk Universitesi
Bilim, Miihendislik ve Teknoloji Dergisi, 6(4): 668-693.

Pang, B.,Lee, L., 2008. Opinion mining and sentiment analysis.
Foundations and Trends® in Information Retrieval, 2(1-2): 1-135.

Parlar, T., Ozel, S. A.,Song, F., 2018. QER: a new feature selection
method for sentiment analysis. Human-centric Computing and
Information Sciences, 8(1): 10.

Peng, H., Long, F.,Ding, C., 2005. Feature selection based on mutual
information: criteria of max-dependency, max-relevance, and min-
redundancy. IEEE Transactions on Pattern Analysis & Machine
Intelligence(8): 1226-1238.

120



INSAC Academic Studies on Natural and Engineering Sciences Chapter 6

Pham, B. T., Bui, D. T.,Prakash, 1., 2018. Bagging based Support Vector
Machines for spatial prediction of landslides. Environmental Earth
Sciences, 77(4): 146.

Poria, S., Hussain, A.,Cambria, E., 2018. Multimodal Sentiment
Analysis. (Vol. 8). Springer, 1-84.

Pozzi, F. A., Fersini, E., Messina, E.,Liu, B. (2017). Challenges of
sentiment analysis in social networks: An overview. In Sentiment
analysis in social networks (pp. 1-11): Elsevier.

Priya, K. S., 2020. A Comparative Sentiment Analysis of Sentence
Embedding Using Machine Learning Techniques. 2020 6th
International Conference on Advanced Computing and
Communication Systems (ICACCS). 493-496.

Saglam, F., Sever, H.,Geng, B., 2016. Developing Turkish sentiment
lexicon for sentiment analysis using online news media. 2016
IEEE/ACS 13th International Conference of Computer Systems and
Applications (AICCSA). 1-5.

Salton, G.,Buckley, C., 1988. Term-weighting approaches in automatic
text retrieval. Information processing & management, 24(5): 513-
523.

Satapathy, R., Cambria, E.,Hussain, A., 2018. Sentiment analysis in the
bio-medical domain: techniques, tools, and applications. (Vol. 7).
Springer,

Schneider, K. M., 2004. A new feature selection score for multinomial
naive Bayes text classification based on KL-divergence. Proceedings
of the ACL Interactive Poster and Demonstration Sessions.

Shannon, C. E., 1948. A mathematical theory of communication. Bell
system technical journal, 27(3): 379-423.

Siizer, M. S. (2020). Universite ogrencilerinde kiiltirlerarast duyarlilik
ve ozgiiven algist arasindaki iliski: Cag Universitesi ornegi. (Yiksek
Lisans). Cag Universitesi Mersin.

Takeuchi, Y., Sakai, K.,Fukumoto, S., 2018. Detecting ransomware using
support vector machines. Proceedings of the 47th International
Conference on Parallel Processing Companion. 1.

Tang, J., Tian, Y., Zhang, P.,Liu, X., 2018. Multiview privileged support

vector machines. IEEE transactions on neural networks and
learning systems, 29(8): 3463-3477.

121



INSAC Academic Studies on Natural and Engineering Sciences Chapter 6

TDK , T. D. K. (2020). Tirk Dil Kurumu Sozliikleri. Retrieved
03.03.2020, from Tirk Dil Kurumu

Thakur, R. K.,Deshpande, M. V., 2019. Kernel Optimized-Support VVector
Machine and Mapreduce framework for sentiment classification of
train reviews. Sadhana, 44(1): 6.

Turney, P. D., 2002. Thumbs up or thumbs down?: semantic orientation
applied to unsupervised classification of reviews. Proceedings of the
40th Annual Meeting on Association for Computational Linguistics.
417-424.

Yasarsoy, E. (2006). Duygusal zeka gelisim programinin, egitilebilir
zihinsel engelli ogrencilerin davranis problemleri iizerindeki etkisinin
incelenmesi. (Yiiksek Lisans Tezi). Cukurova Universitesi, Adana.
Retrieved from http:/libratez.cu.edu.tr/tezler/5741.pdf.

122


http://libratez.cu.edu.tr/tezler/5741.pdf

INSAC
Academic Studies on
Natural and Engineering
Sciences

iNs®

CHAPTER ‘ |

Biiyiik Veri ve Hadoop (Fikriye Ataman, H. Eray Celik)



INSAC Academic Studies on Natural and Engineering Sciences Chapter 7

124



INSAC Academic Studies on Natural and Engineering Sciences Chapter 7

Biiyiik Veri ve Hadoop

Fikriye Ataman’, H. Eray Celik’

YWan Yiiziincii Yil Universitesi Enformatik Béliimii
E-mail: fataman@yyu.edu.tr
2Van Yiiziincii Yil Universitesi Ekonometri Boliimii,
E-mail: ecelik@yyu.edu.tr

1. Giris

Giinlimiizde teknolojik ilerlemelere bagli olarak, veri {ireten kaynaklar
artmugtir.

Her giin milyarlarca farkli teknolojik cihazdan milyarlarca veri
iiretilmektedir. Ayrica bu veriler anlik olarak iiretilmekte olup, hayat boyu
stireklilik kazanmistir. Bircok alanda internet teknolojisi kullanilarak mevcut
gereksinimler kargilanmakta, mal ve hizmetler temin edilmektedir. Bircok farkli
alanda hizli tiretilen ve biriken bu veriler bircok boyutu ile gliniimiizde 6nem
kazanmaktadir. Bir¢ok farkli alanda milyonlarca veri iretilmektedir. Ulagim
hatlari, bankacilik ve sigortacilik sistemleri, saglik kurumlari, egitim kurumlari,
borsalar vb. birgok farkli alan 6rnek olarak gosterilebilir. Giiniimiiz, sahip
oldugu teknolojik altyapist itibari ile biiylk veri ¢ag1 olarak
adlandirilmaktadir(Brown ve ark., 2011). Biiyiik veri bir¢ok boyutuyla
karsimizda durmaktadir. Biiyiik veri sadece hacim ile ilgili bir durum degildir.
Hacim ile birlikte hiz, deger, gecerlilik, ¢esitlilik gibi farkli boyutlar da
kazanmustir (Al-Mekhlal ve Khwaja, 2019; Buyya ve ark., 2016; Gantz ve
Reinsel, 2012; Laney, 2001). Biiyiik veri kavrami igerisinde yapisal ve yapisal
olmayan veriler icermektedir. Verinin kaynagi bir veri havuzu olabilecegi gibi
akigkan bir gercek zamanh kaynak da olabilmektedir (Al-Mekhlal ve Khwaja,
2019). Biiyiik veriler birgok beklentiye imkan verebilecek kiymetli bilgiler
icerebilmektedir. Bu bilgiler, bir performans 6l¢iitli, bir karar verme durumu
veya bir tahmin beklentisine cevap olabilmektedir. Bir¢ok geleneksel yontem ve
yaklasgim bu Onemli bilgilerin aciga c¢ikarilmasinda yetersiz kalmaktadir.
Dolayisiyla biiylik veriyi isleyebilecek altyapilar icin ¢aligmalar yapilmustir.
MapReduce modeli, biiyiik verileri biiyiik bir dlgeklenebilirlik ve verimlilikle
isleyebilen paralel bir veri igleme modelidir. Hadoop ise MapReduce modelini
calistirmayi saglayan bir alt yapidir (Hadoop, 2019).

Her giin binlerce farkli teknolojik altyapidan farkli veri iretimi
gerceklesmektedir. Sosyal aglar, giinlimiizde veri patlamasina neden olan
kaynaklarin icerisinde olduk¢a Onemli bir yer almaktadir. Buna bir 6rnek
verecek olursak, gliniimiizde yasanan Covid-19 pandemisi nedeniyle diinya
niifusunun biiyiik bir boliimii evde bulunmak zorunda kalmaktadir. Insanlar
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tarafindan,  birgok yasamsal gereksinimin karsilanmasi amaciyla, sanal
diinyadaki sosyal aglar ragbet gérmektedir. Her tir alig veris islemi, farkl
amaglar i¢in iletisim, psikolojik ve sosyal destek ve diger benzer nedenlerle
sosyal aglar ve internet sik¢a kullanilmaktadir. Bu siiregte mobil cihazlarin
kullaniminda %76 oraninda, diziistii bilgisayar kullaniminda %45, masaiistii
bilgisayar kullaniminda %32, tablet kullaniminda % 22 oraninda, akilli1 TV ve
medya cihazlar1 kullanimmda %34 oraninda, oyun konsolu kullaniminda %17,
akilli hoparlér kullaniminda % 11 oraninda, akilli saat kullaniminda % 6.3
oraninda bir sigrama oldugu belirtilmistir (WAS, 2020). Insan hayatinin normal
yasam rutinindeki birgok islem interaktif sosyal aglarla veya internet
ortamindaki diger araglarla siirdiiriilmektedir (WAS, 2020). Bu durum sosyal
aglarin ne kadar onemli oldugunu bir kez daha gdstermektedir. Milyonlarca
fonksiyon sosyal aglar tizerinde gerceklestirilmektedir. Bu durumda devasa veri
birikmesi kagmilmaz olmaktadir. Biriken bu veri miktarlarmm her giin
katlanarak artacag artik bilinen bir gergekliktir (Stats, 2020). Diinyada, gelecek
yuzyillarm bunun gibi Orneklerle dolu olma olasilig1 oldukga yiiksektir.
Dolayisiyla biiyiikk verilerin incelenmesi her giin biraz daha fazla 6nem
kazanmaktadir.

Diinya iizerinde yasayan toplumlarin biiyiik bir ¢ogunlugu giiniimiiz
teknolojik altyapisina uyum saglayarak yasamaktadir. Bu teknolojik alt yapi
kapsaminda internet ve bilgisayar kullanimi ile devamu niteligi tasiyan diger tiim
mobil akilli cihazlarin kullanimi, veri liretimine en ¢ok katki saglayan araglardur.
Ayrica bu araclarin disinda kalan diger araglar da veri iretimine katki
saglamaktadir. Bunlara IoT cihazlar, mekansal tespit sensorleri, hiz, 1si,
sicaklik, gii¢, kuvvet vb. Olglim araglart sensorlerinden {iretilen veriler 6rnek
verilebilir. Diinya genelinde internet kullanimi olduk¢a yaygmndir. 2020 yilinin
ilk ceyregini iceren verilere gore Asya iilkeleri en ¢ok internet kullanan
tilkelerdir (Stats, 2020). Bolgesel olarak sirayla, Avrupa, Afrika, Latin Amerika,
Kuzey Amerika, Orta Dogu ve Avustralya bolgesi gelmektedir (Stats, 2020).
Diinyada toplam 4,574,150,134 internet kullanicis1t mevcuttur. Bu say1 diinya
nitfusunun % 58.7sini olusturmaktadir (Stats, 2020). Bu kadar ¢ok internet
kullaniminin oldugu giliniimiizde, biiyiik verilerin olugmasi kagmnilmaz bir
gercekliktir.

Giinlimiizde birgok farkli sosyal ag sistemi mevcuttur. Instagram, Facebook,
WeChat, TIKTOK ve Twitter en sik kullanilan sosyal ag uygulamalarmm
bazilaridir. Twitter sosyal ag uygulamalarindan en ¢ok kullanilanlardan biridir.
Twitter uygulamasi, Covid-19 pandemisi siirecinde, tiim sosyal medya
platformlar1 arasindan en biiyik i¢ aylik (Ocak-Nisan 2020) sigramayi
gormiistiir. Sirketin self servis reklam araglarinda yaymnlanan rakamlar, reklam
verenlerin 2020 yili Nisan aymnda, Ocak ayma gore %14'lik bir artis ile 47
milyon kigiye daha ulastigmi gostermektedir (WAS, 2020). Diinya niifusunun
%59’u internet ve % 49’u sosyal medya kullanicisidir. 2020 Nisan ayinda bir yil

126



INSAC Academic Studies on Natural and Engineering Sciences Chapter 7

oncesine gore sosyal medya kullanicisinda %8 oraninda ve internet
kullanicisinda %7 artig gézlemlenmistir(WAS, 2020).

2. Biiyiik Veri Nedir?

Biiyiik veri i¢in bircok farkli tanim yapilmaktadwr. Biiyik veri,
kapsaminin genigligi itibariyle farkli boyutlar ile tanimlanabilmektedir.
Tiirkiye Bilimler Akademisi tarafindan internet iizerinden yaymlanan Tiirkge
Bilim Terimleri Sozliigiinde biiyiik veri tanimi “foplanip islenecek verilerin
cok biiyiik hacimleri, bi¢cim ve icerik bakimindan fazlasiyla farklilik ve
degiskenlik icermeleri, biiyiik bir hizla birikmeleri ve gegerlilik diizeylerinin
de degiskenligi nedeniyle geleneksel veri isleme yazilim ve ydntemlerinin
yetersiz kaldigi, ancak bir yandan icerik zenginligi nedeniyle, diger yandan
da hizla geligen teknolojik altyapilar sayesinde 21. yiizyilda onemi gittikge
artan kitlesel ve siirekli bilgi toplama, isleme ve karar destegi saglama
yaklagimlarina toplu halde verilen ad” seklinde yapimaktadir (TUBA,
2020). Diinya o6lgeginde kabul goérmiis farkli “bliyiik veri” tanimlari
bulunmaktadir. Bu tanimlamalardan, yazin alaninda en ¢ok karsilananlari
Laney’in 3V tanimi, IBM ve Microsoft firmalarinin yapmis oldugu
tanimlamalardir. Bu tanimlamalar biiyiik verinin veri boyutu ve veri yapisi ile
verinin olugmasi agamasindaki 6zellikler etrafinda sekillenmektedir. Biiyiik
veri, gelistirilmis yeni tekniklerle analiz edilirek, anlamli ve islenebilir
onemli verilerin ¢ikarabilecegi hacimli, akiskan, degisken yapidaki veri
yiginlarina verilen genel bir ifade olarak tanimlanmaktadir. Biiyik Veri,
boyutu, geldigi kaynak, barindirdigi cesitlilik, akiskanligi, siirekliligi, hizi
veya sahip oldugu diger tiim boyutlari ile igerisinde 6nemli bilgiler barindiran
verilerdir. Bu bilgilerin ortaya c¢ikarilmasi i¢in geleneksel veri isleme
mimarilerinden farkli olarak yeni teknik mimariler ve analitik kullanimi
gerektirmektedir(Buyya ve ark., 2016; Gupta ve Kohli, 2016; Ohlhorst,
2012).

Biiyiik veri bilimi; matematik, istatistik ve bilgisayar bilimlerinin ice ice
girdigi ¢oklu disiplinler arasi ¢aliyma alanidir (Buyya ve ark., 2016; K. Chen
ve ark., 2019). Biiyiik veri tanimy, ilk kez NASA astronotlari tarafindan, 1997
yilinda ortaya konulmustur (Cox ve Ellsworth, 1997). 1998 yilinda Google
kurulmus, kurulduktan sonra da Apache Software Foundation (ASF)
kurulmugtur. 2000 yilinda Google tarafindan gelistirilen Lucene projesi ve
devaminda 2003 yilinda Google Files System (GFS) adinda Google i¢in yeni
bir dosya sistemi kurulmustur. 2004 yilinda ise dagitik dosya igleme mimarisi
olan MapReduce alt yapis1 kurulmustur. Birbirini takip eden bu gelismeler ve
giincellemeler giiniimiize kadar gelmistir. internet ve yazilim sektdriindeki bu
gelismeler, giinlimiizde bircok sosyal ag sistemi kurulmasina On ayak
olmustur. Giiniimiizdeki teknolojik gelismelere bagl olarak, iiretilen veri
miktar1 da bu geligsmelere paralel olarak biiylimektedir. Yazilim sektoriindeki
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alt yap1 gelismeleri sonucunda, biiyiik oranlarda veri iiretimi gerceklesmesi
miimkiin hale gelmistir. Bu biiyiik verilerin alinip islenmesi de ayr1 bir
¢aligma konusu olmustur (Dietrich, 2015). Sonug¢ olarak, ¢ok biiyiik veri
yigmlart arasinda anlamli olani bulmak ayricalikli bir aragtirma ihtiyact
olmustur. Dolayistyla yigilan verilerin islenmesi i¢in altyap1 caligmalari
baslatidmistir. Tiim bu gelismelerin sonucunda, giiniimiizde olduk¢a gelismis
olan biiyiik veri isleme platformlar ile karsilasilmaktadir (Hadoop, 2011; Al-
Mekhlal ve Khwaja, 2019; Alla, 2018; Anonim 2019; Balac, 2020; K. Chen
ve ark., 2019; Jimenez-Marquez ve ark., 2019).

2.1. Biiyiik verinin ozellikleri nelerdir?

Biiyilk veri makine Ogrenmesi alanlar1 (veri, enformasyon,
deneyimlenmis bilgi, zeka) ile bulut bilisimin i¢ ice gectigi bir uygulama
alanidir (Anderson, 2015; Buyya ve ark., 2016; Sathi, 2012). Dolayisiyla
artan IoT etkilesiminin sonucu olarak tretilen veri yigmlar1 ¢ok boyutlu
olarak karsimiza ¢ikmaktadir. Veriler farkli kaynaklardan iiretilmektedir.
Uretilen veriler farkli boyutlarda cesitlilik gdstermektedir. Verilerin
tiretiminde ve yigin alanlarinda artan bir ivme gdzlenmektedir ve biiylik
verinin  igeriginin tutarhligt ayrica bir tartigjma konusu olmustur.
Siralanabilecek daha birgok dzellik eklenmesi miimkiindiir. Biiyiik verideki
bu farkli boyutlarin, zamansal gelisimine gore g¢esitli tanimlamalar
yapilmaktadir. Biiyiikk verinin 6zellikleri ile ilgili bir¢ok farkli tanimlama
mevcuttur. Bu tanimlamalardan ilki Laney tarafindan yapilarak, 3V olarak
agiklanmistir (Laney, 2001).

e Laney’in 3V tanim

1. Volume-Hacim: Hacim, gelen veri akis1 ve yiginsal veri hacmini ifade
etmektedir (Laney, 2001). Biiyiikk verinin en belirleyici 6zelligidir. Birim
zamanda akigkan verilerdeki yigilmalar hacmin en 6nemli unsurudur. Biiylik
veri kaynagi olarak insanlar ve cihazlar tarafindan iiretilmek {izere iki genel
kabul goren kaynak vardir (Hurwitz ve ark., 2013). Cihazlar tarafindan
iiretilen verilere sensor verileri, web sayfalar1 log verileri, finansal veriler,
satiy noktalarindaki pos Odeme verileri Ornek olarak gdsterilmektedir.
Insanlar tarafindan iiretilen verilere ise insanlarin uygulama ortamlarindan
elle yaptiklar1 her tiir form giris verisi veya internet ortaminda gezinirken
yaptiklar1 tiklama hareketleri ve oyunlar araciligiyla islenerek tiretilen veriler
ornek olarak gosterilmektedir (Hurwitz ve ark., 2013). Biiyiik veriler farkli
kaynaklardan farkli yapilarda iretilen verilerin hacimsel olarak nicelik
kazandig1 verilerdir. Biiyiikk veriler, anket gibi klasik veri toplama
tekniklerinin ulagamayacagi boyutlarda bir veri hacmi tasimaktadir. Biiyilik
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boyutlarda gerceklesen veri yiginlary, biiyiikk veriye hacim &zelligini
kazandirmaktadir (Buyya ve ark., 2016; Laney, 2001).

2. Velocity - Hiz: Etkilesimli olarak iretilen veri hizimi temsil eder
(Laney, 2001). Veriler anlik olarak ¢ok hizli olarak akmaktadir. Twitter,
Instagram ve Facebook gibi sosyal ag sitelerinde birim zamanda milyonlarca
etkilesim saglanmaktadir. Biiyiik veriler, anlik olarak hizli iiretilen verilerden
olugmaktadir. Giiniimiizde mobil cihaz kullaniminin artigina bagh olarak bu
hiz artmaktadir (WAS, 2020). Biiyiik veriyi temsil eden 6nemli 6zelliklerden
biri de hiz kavramidir. Veri iretimindeki hiz arttik¢a biiyiikk verilerde
artmaktadir (Al-Mekhlal ve Khwaja, 2019; Hurwitz ve ark., 2013).

3.Variety -Cesitlilik: Uyumsuz ve tutarsiz veri formatlarmm ve veri
yapilarmm cesitliligine isaret etmektedir (Laney, 2001). Biiyilk verinin en
onemli ozelliklerinden biridir. Biiyiik veri kapsaminda, veriler yapisal ve
yapisal olmayan veri tiirleri olmak {izere iki sekilde bulunmaktadir (Buyya ve
ark., 2016; Hurwitz ve ark., 2013; Laney, 2001). Kismen yapisal 6zellik
gosteren veriler de igerebilmektedir. Kismen yapisal dzellik gosteren verilere
“yar1 yapisal” veriler denir (Hurwitz ve ark., 2013). Uydu goriintii verileri,
sismik cihaz veya atmosfer verileri gibi bilimsel veriler, giivenlik veya trafik
kontroliinde kullanilan kameralardan iiretilen video veya resim verileri, radar
sistemlerinden {iretilen veriler cihazlardan {iretilen ve yapisal olmayan
verilere Ornek olarak verilebilmektedir. Twitter, Facebook, Youtube vb.
sosyal medya ortamlarindan, mobil cihazlardan, kigisel masaiistii
bilgisayarlarda ofis ortamlarindan elle yazilan tiim dokiimantasyonlardan,
web site igeriklerinden iiretilen veriler insanlar tarafindan iiretilen yapisal
olmayan verilere Ornektir. Yapisal olan verilere ise veri tabani yonetim
sistemlerinden iretilen veriler ornek olarak gosterilebilmektedir. Birgok
farkli kaynaktan birim zamanda milyonlarca farkli etkilesim sonucu veri
yigmlart olusmaktadir. Farkli veri kaynaklar1 tarafindan yapisal ve yapisal
olmayan veya yari yapisal olan veri {iretimi saglanmaktadir. Farkli veri
yapilar1 biiyiikk veriye beraberinde sonu¢ olarak g¢esitlilik 6zelligini
kazandirmaktadir. Biiylik veriler, farkli yapilarda ve farkli kaynaklardan
iiretilen verileri igeren bir igerik ¢esitliligi tagimaktadir.

e IBM 4V tanimi

IBM tarafindan, biiyiik verinin 6zelliklerini belirtmek amaciyla bagka bir
tanimlama yapilmistir. Bu yeni tanim ile Laney’in tamimina ek olarak
Veracity-Saglamlik eklenmistir (Anonim 2019; Gantz ve Reinsel, 2012).

4. Veracity-Tutarlilik: Verinin dogrulugu, kesinligine, tutarhligina vurgu
yapmaktadir (Anonim 2019; Gantz ve Reinsel, 2012). Verilerin tutarlilig:
biiyiik veride 6nemli bir problem olmaktadir. Verinin kendisine veya veri
kaynagna gilivenilmemesi verinin dogrulanmasi ve tutarliligi konusunda bir
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problemdir. Biiyiik verideki hata, sarmal olarak biiyiimektedir. Bu durumda
verinin tutarliligl en ¢ok giiven arz eden unsurdur. Biiyiik veride, veriyi en
onemli ve degerli kilan 6zellik, verinin tutarli olmasidir. Tutarlilik kavrami
ile biiyiik veri analizinde elde edilen sonuglarin verilen problem alani igin
anlamli olup olmadigi belirtilmektedir (Buyya ve ark., 2016). Biiyiik
verilerde tutarlilik 6zelligi ile gercege yakin bir istatistiksel modelin nasil
olusturulacagi vurgulanmaktadir (Anonim 2019; Buyya ve ark., 2016).

e Microsoft 6V tanim

Microsoft, biiylik veri tamimma 2 farkli boyut katarak 6V olarak
tammlamigtir (Buyya ve ark., 2016). Daha 6nce yapilan tanimlamalara ek
olarak Value-Deger ve Visibility - Goriiniirliik 6zellikleri tanimlanarak
katilmugtir.

5. Value- Deger: Biiyiik veri kavraminda, deger 6zelligi ile verinin degerli
olup olmamasma vurgu yapilmaktadir (Buyya ve ark., 2016). Deger ile
kastedilen sadece verinin degerli olmas1 degildir. Verinin degerinin yaninda
“veriler problemin ¢dziimiinde veya ihtiyaglarim i¢in degerli bilgiler igeriyor
mu?” sorusuna da cevap aranmaktadir. Bu durumda veri hem kendine has bir
deger tagimaktadir hem de problemin ¢oziimiine iliskin bir anlam tagimast
itibariyle bir deger tagimaktadir (Al-Mekhlal ve Khwaja, 2019; Buyya ve
ark., 2016).

6. Visibility- Goriiniirliik: Bilgilendirici karar vermek igin tam veri
resmine sahip olunmasi gerektigini vurgular (Buyya ve ark., 2016).
Goriiniirlik 6zelligi ile biiyiik veri analizlerinde tahmin veya gercek zamanli
ongorii elde etmeye atifta bulunulmaktadir (Al-Mekhlal ve Khwaja, 2019).
Biiyiik veri analizlerinde islenen sonuglarin gorsellestirilmesi ile sonuglarin
daha anlasilir ve yorumlanabilir olmasi saglanmaktadir (Y. Kumar ve ark.,
2020).

3. Hadoop Dagitik Dosya Sistemi Nedir?

Hadoop Dagitik Dosya Sistemi (HDDS), Apache tarafindan kurulan bir
dagitik dosya modelidir (Alla, 2018; Borthakur, 2008; Koitzsch, 2016; R. D.
Schneider, 2012). HDDS, yapisi itibari ile mevcut dagitik dosya sistemlerine
benzemekle birlikte igleyisi bakimindan farkliliklar gostermektedir. En
onemli 6zelligi, hata toleransi yiiksek olan bir dosya sistemidir ve diisiik
maliyetli donanimlara dagitilmak suretiyle ¢alisan bir modeldir. Dolayisiyla
kullanim alant olduk¢a genistir. Birka¢ siradan makineye bir kiime
olusturularak kullanilabilecek pratikliktedir. Ayrica yiiksek hata toleransmin
yaninda ¢ok iyi bir dagitik veri igleme performansi sunmaktadir (Alla, 2018;
Borthakur, 2008; Koitzsch, 2016; R. D. Schneider, 2012; White, 2015). Bu
nedenle de ¢ok biiyiik verilerde tercih edilen bir uygulama modelidir.
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HDDS mimarisinin olusmasi bir¢ok farkli ¢alismadan olusmaktadir.
Birbirini izleyen ¢aligmalar sonucu olusmus bir hibrit projedir. Bu adimlarin
ilki Doug Cotting tarafindan, metin arama kiitiiphanesi olan Apache Lucene
projesininin olugturulmasidir (White, 2015). Daha sonra, Lucene projesinin
bir pargast olarak, agik kaynak kodlu bir web arama motoru olan Apache
Nutch’u gelistirilmistir. Hadoop’un temelleri ise Nutch projesi sonrasinda
Nutch projesinin devami niteliginde kurulmustur. Hadoop ismi, tercihen
secilmis olup Doug Cotting’in ¢ocukluk hatirasindan kalan bir isimdir
(White, 2015). Hadoop kurulduktan sonra, biinyesine bir¢ok farkli proje
katilmistir. Hadoop, bir ekosistem olup birgok farkli alt bileseni vardir. Bu alt
bilesenlerin isimleri ¢agristirdiklar: nesnelerin islevlerinden tamamen uzaktir.
Tercihen kisa, siradan ve daha once kullanilmamig isimler segilerek her bir
bilesenin daha agiklayici olmasi hedeflenmistir (White, 2015).

Hadoop bir cat1 projesidir. Kendisi ile c¢aligabilen bir¢ok ek proje
mevcuttur. Ambari, Avro, Cassandra, Chukwa, Hbase, Hive, Mahaout, Pig,
Spark, Submarine, Tez ve Zookeeper bu ek projelerdir. Son giincellemelerle
beraber Hadoop Ozone isimli bir ek kiitiiphane daha eklenmistir (ASF, 2020)

Hadoop, catis1 altinda yer alan bircok projeyi bir arada yiiriiten ve
lokomotif gorevi goren dort 6nemli kiitiiphaneden olusmaktadir. Bu 6nemli
dort kiitiiphane, projelerin iletisimini, koordinasyonunu saglamaktadir ve
kaynaklarm sistem igerisinde saglikli ve verimli kullanilmasini kontrol
etmektedir. Tiim kontrol ve koordinasyonu elinde tutan bu dort kiitiiphane,
birlikte ¢alisarak sistemi yonetmektedir. Bunlar Hadoop Common, Hadoop
Dagitik Dosya sistemi, Hadoop Yarn ve Hadoop MapReduce
kiitiiphaneleridir (ASF, 2020; Balac, 2020).

3.1 Hadoop common

Hadoop Common, diger ek projelerin Hadoop ile ortaklagmasini saglayan
temel kiitiiphanelerdir. Diger ek projelerle ilgili iletisim olanag: saglar. Bir
nevi bu ek projeleri Hadoop ortamina baglar (ASF, 2020). Ayrica Hadoop
ortaminda bulunan java dosyalarmin kontroliinii saglayan kiitiiphaneleri
icermektedir. Bu kiitiiphaneler ¢esitli dosya sistemi ve isletim sistemi ile
Hadoop ortammin koordinasyonunu saglamaktadir. Ayrica Hadoop'u
baslatmak igin gerekli olan ¢esitli java komut dosyalar1 yine Hadoop
Common kiitiiphanesine dahil edilmistir (ASF, 2020; Balac, 2020; Y. Kumar
ve ark., 2020).

3.2. HDDS mimarisi

Hadoop dagitik dosya sistemi, Google dosya sistemi temel almarak
gelistirilmis bir dosya sistemidir. Hadoop dagitik dosya sistemi, master-slave
mimarisinde ¢aligan bir sistemdir. Master-Slave mimarisi bir isveren-is¢i
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ornegine benzetilebilir. Master olan, isin nasil ve ne zaman yapilacagini
sOyleyerek isi belirten isveren konumundadir. Slave ise is¢i konumundadir.
Kendisine verilen isi yerine getirmekle yiikiimlidir. Hadoop mimarisi
master-slave yapisina uygun olarak tasarlanmis bir kiime mimarisidir.
Kiimenin elemanlar1 olan Node’lar diigiim olarak tanimlanir. Master-Slave
modeline uygun olarak DataNode ve NameNode diigiimleri tanimlanmustir.
NameNode, genel olarak Master konumunda c¢alisan diiglime hizmet
etmektedir. Datanode olarak tabir edilen diigiim veri diigiimi olmaktadir.
Hadoop, verileri dosya olarak desteklemektedir. NameNode, dosya sistemini
kullanirken; DataNode dosya sistemine dahil edilmis, saklanmis dosyalari
denetleyerek kullanmaktadir. DataNode genellikle Slave digimii ile
calismaktadir (ASF, 2020; Hadoop, 2019). Kurulacak kiimenin modeli,
kullanicinin ihtiyacina cevap verilecek sekilde modellenebilmektedir. Cluster
icerisinde birden fazla Master yani NameNode ve birden fazla Slave yani
DataNode olabilmektedir. Ancak genellikle islerin bir merkezden yonetilip
dagitik olarak gergeklestirilecegi bir model kurulmasi en ¢ok tercih edilendir.
Bu tiir modellerde genellikle bir tane NameNode ve birden fazla DataNode
yer almaktadir. Master, NameNode iglevi goriirken Slaveler DataNode iglevi
gormektedir. Master nodelar, aynt zamanda DataNode olarak da
calistirilabilmektedir (Hadoop, 2019). Bu tamamen ihtiya¢ duyulup
duyulmamast ile ilgili bir durumdur. Tiim bu ayarlamalar, model kurulmadan
once planlanmaktadir. Hadoop kurulumu yapildiktan sonra gerekli
tanimlamalar sistem igerisinde yapilarak ayarlamalar yapilmaktadir (ASF,
2020; Hadoop, 2019).

3.3. Datanode ve namenode

Bir HDFS kiimesi, dosya sistemi ad alanmi ydneten ve istemcilerin
dosyalara erigimini diizenleyen bir ana sunucu olan tek bir NameNode'dan
olugsmaktadir. Ayrica, calistiklar diiglimlere bagli depolamayi ydneten,
genellikle kiimedeki diigiim basma bir tane olmak iizere bir dizi DataNode
vardir. HDFS, bir dosya sistemi ad alanini ortaya ¢ikarmaktadir ve kullanici
verilerinin dosyalarda saklanmasini saglamaktadir. Sistemdeki bir dosya, bir
veya daha fazla bloga boliinmekte ve bu bloklar bir DataNodes kiimesinde
saklanmaktadir. NameNode, dosya ve dizinleri agma, kapatma ve yeniden
adlandirma gibi dosya sistemi ad alani islemlerini yiiriitmektedir. Ayrica,
bloklarin DataNodes ile eslenmesini de belirlemektedir. DataNodes, dosya
sisteminin istemcilerinden okuma ve yazma isteklerini sunmaktan sorumlu
tutulmaktadir. DataNodes ayrica NameNode oO6gesinden gelen komutlar
iizerine blok olusturma, silme ve gogaltma islemlerini gerceklestirmektedir
(ASF, 2020).
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3.4. Hadoop yarn

Yarn i¢in temel fikir kaynak yonetimi ve is izleyicilerinin islevlerini ayr1
pargalara bolmektir. ResourceManager isimli genel bir kaynak yoneticisi ve
her uygulama basma bir sorumlu proses olan ApplicationMaster
gorevlendirme fikrine dayanmaktadir. ResourceManager, sistemdeki tim
uygulamalar arasinda kaynaklar1 tahkim eden nihai otorite konumundadir.
NodeManager ise her bir makinede yer alan ve makinedeki iceriklerden
sorumlu olan, iglemci, bellek, disk, ag gibi kaynaklarin kullanimmi izleyen ve
bunlari  ResourceManager bildiren aracidir. ApplicationMaster ise
ResourceManager'dan kaynak goriismesi yaparak gorevleri yiiriitmek ve
izlemek i¢in NodeManagerlar ile c¢aligmakla gorevlendirilmis &6zel bir
kiitiiphanedir. Hadoop Yarn, kiimenin kaynak yonetimini saglayan birimdir
ve kaynak yonetimi yaptig1 i¢in islerin planlanmasini da yine Hadoop Yarn
yapmaktadir. Kaynaklarin ydnetimini ve islerin planlanmasimni saglayan bir
takim Java kiitiiphanesi i¢eren bir modiildiir. ResourceManager’in iki iglevi
vardir. Hem zamanlayict olarak hem de (ApplicationManager) Uygulama
Yoneticisi olarak ¢aligmaktadir. Zamanlayici, uygulama sirasinda kapasite,
kuyruk gibi kisitlayici unsurlar oldugunda, uygulamaya kaynak saglamakla
sorumludur.  Zamanlayict uygulama i¢in  durum izlemez veya
donanim/yazilim hatasi durumunda uygulamayr yeniden baglatacagini
garantilemez. Zamanlayici, zamanlama islevini, bellek, islemci, disk, ag gibi
unsurlar1 kullanan bir container igerigine dayanarak, uygulamalarin kaynak
gereksinimlerine gore gerceklestirir. ApplicationMaster, uygun continerlar ile
goriisme saglayarak zamanlayicidan uygulamalarin durumunu izleme ve
strdiirme ile ytkimlidir (ASF, 2020; Borthakur, 2008; Hadoop, 2019;
White, 2015). Sekil 1’de yarn mimarisi ve elemanlari gosterilmektedir.
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MapReuce Durumu Y Digim
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Sekil 1: Hadoop Yarn Mimarisi.
Kaynak: https://hadoop.apache.org/docs/current/hadoop-yarn/hadoop-
yarn-site/Y ARN.html
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3.5. MapReduce modeli

MapReduce modeli, baslangi¢ olarak Google tarafindan gelistirilen,
paralel veri isleme paradigmasidir (ASF, 2020; Hadoop, 2019; Thakur ve
Deshpande, 2019). MapReduce modelinin iki terimi vardwr. Bunlar Map
terimi ve Reduce terimidir. MapReduce modeli bir anahtar-deger yapisinda
isleyise sahiptir (Alla, 2018; Hadoop, 2019). Veri islenirken ele almmasi
itibariyle bir anahtar olarak degerlendirilmektedir. Problemin ¢6ziimii sonrasi
¢ikan sonug ise o anahtar i¢in bir deger olarak kabul edilmektedir. Bu sekilde
bir <Anahtar,Deger> / <Key, Value> yapisi ile ¢aliymaktadir. Tiim map
programinin sonucu olarak <Anahtar,Deger> g¢iftlerinden olusan bir liste elde
edilmektedir. Reduce igleminde ise her bir Anahtar degeri i¢in mevcut tiim
degerleri derleyerek istenilen igleme gore tek bir sonug degere varilmaktadir.
Bir tiir indirgeme islemi yapilmaktadir. Reduce isleminin sonucu olarak her
bir anahtar degeri i¢in tek bir deger elde edilmektedir (ASF, 2020; Hadoop,
2019; Thakur ve Deshpande, 2019).

Bir MapRecude iglemi genel olarak 3 adimda ger¢eklemektedir. Bunlar:
Bélme, Dagitma (Map) ve Indirgeme (Reduce) islemleridir. Bu adimlar
kisaca asagida agiklanmustir.

1. Bolme adimi: Girdi olarak veri seti ilk geldiginde, sistem bunu
pargalara bolerek kullanmaktadir. Veriyi ka¢ parcaya bolecegini veya her
parcanin ne kadar biiyiikliikte olacagma sistem tamamen L1 yolundaki gegici
bellek durumuna ve islemcinin performans durumuna bakarak kendisi
otomatik olarak karar vermektedir. Kullaniciya bunu degistirmek igin Splitter
gibi ¢esitli yordamlar da sunulmustur. Bu adimda kullanictya genellikle bir is
diismemektedir (Hadoop, 2019; ASF, 2020).

2.Map (Dagitma) adimi: Map isleminde ise pargalanan verinin her bir
makineye dagitilarak istenen iglemin yapilmas: isidir. Sonu¢ olarak
<anahtar, deger> ciftlerinden olugan bir liste ¢iktist elde edilmektedir. Bu
sonug listesi, yerel dosya sisteminde gegici olarak tutulmakta ve Reduce
isleminde girdi olarak kullanilmaktadir. Ayrica bu liste yazilmadan once
alfabetik olarak siralanmaktadir (Hadoop, 2019; ASF, 2020).

3. Reduce (indirgeme) adimi: Reduce adimu, bir indirgeme islemidir. Map
islemi sonucunda ayn1 anahtar igin birden fazla deger iiretilebilmektedir. iste
tam bu noktada bu degerleri, yapilmak istenen igsleme gore derleyerek ilgili
anahtar i¢in tek bir sonug degeri iiretmeye odaklanilmaktadir (Hadoop, 2019;
ASF, 2020).

3.6. Hadoop MapReduce ¢calisma mimarisi

Hadoop MapReduce, Yarn ile birlikte c¢alisan dosya sistemindeki
dosyalarin  paralel olarak islenmesini saglayan modiiler birimdir
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(Hadoop,2019; Y. Kumar ve ark., 2020). Yarn’dan bagimsiz g¢alismaz.
Hadoop ekosisteminin en 6nemli kismini olusturmaktadir. Gelen verinin is
modeline gére MapReduce islemini yapmaktadir. Veriyi, slave makineler
lizerine dagitarak, is parcaciklari ile her slave makinenin yani DataNode’un
ayni igi yapmasi islevini saglamaktadir. Daha sonra dagitim isi bittiginde,
¢ikan sonuglari toplayarak reduce yani indirgeme iglemine sokmaktadir.
Reduce islemi, ayni is sonucunu bekledigi ig¢in gelen tiim sonuglari
derleyerek net bir sonug¢ tretmektedir. MapReduce ¢atisi, bu islemleri
yaparken iki tane igle¢ tutmaktadir. Bunlar JobTracker ve TaskTracker
seklindedir. JobTracker adiyla bilinen is izleyicisi, Master diigiimii temsil
etmektedir. TaskTracker adiyla bilinen goérev izleyicisi ise Slave digimii
temsil eder. Master dolayisiyla JobTracker, is¢i diiglimlere gorev dagitma,
kaynaklarm ne zaman kullanilacagini bildirme, kaynaklari kontrol etme,
isgilere gorevleri planlayip bildirme ve basarisiz olan goérevleri tekrar
calistirma gibi sorumluluklara sahiptir. Slave, diger bir deyisle TaskTracker
ise kendisine verilen gorevi yapmak, tamamladigi goérevi rapor etmekle
sorumludur. JobTrackerin ¢aligmamasi veya hata verip tikanmast durumunda
diger tiim gorevler de durdurulur ve ¢alismaz (ASF, 2020; Bengfort ve Kim,
2016; Borthakur, 2008; Hadoop, 2019; Y. Kumar ve ark., 2020; White,
2015).

Sekil 2 ‘de bir hadoop kiimesinde veri diigiimii ile ad diigiim arasmndaki
iligkiler basit¢ce gosterilmistir. Hadoop mimarisinde veri akisini 6zetleyecek
olursak goyle siralayabiliriz (White, 2015):

1. Istemci yani MapReduce igin kodlanmis bir program bir Job
baglatmaktadir ve bunu JobTrackera onaylayarak sunmaktadir (Bengfort ve
Kim, 2016; White, 2015),

2. JobTracker ilk is olarak kaynak dosyalarm yerini (NameNode)
AnaDiigiim’e  sorarak ogrenmektedir. Istemcideki programin kaynak
dosyalarim1 HDFS’ye aktarmaktadir. Bunu yaptiktan sonra TaskTrackerlara
gorevler dagitmaya ¢aligmaktadir (Bengfort ve Kim, 2016; White, 2015),

3. TaskTrackerlar kendisine iletilen gérevleri yapmaya baslamaktadir. Ik
is olarak mapping islemi yapilmaktadir. Map isleminin sonuglar1 yerel dosya
sisteminde gegici dosyalar olarak saklanmaktadir. Bu gegici dosyalar, ikinci
is olan Reduce islemi i¢in girdi olarak kullanilmaktadir. Reduce islemi
sonucunda sonuglar nihai olarak HDDS ortamina aktarilmaktadir (Bengfort
ve Kim, 2016; White, 2015),

4. Reduce isi bittikten sonra Job tamamlanmaktadir (Bengfort ve Kim,
2016; White, 2015).
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Sekil 2: Bir Hadoop kiimesinde MapReduce modelinin isleglerinin genel
caliyma mimarisi (White, 2015).

Hadoop ’un kullanilmasinin bir¢ok nedeni ve avantaji vardir. Hadoop’ un
hata tolerans1 yiiksektir. Kendi igerisinde sahip oldugu kiitiiphaneler
araciligryla kolay hata tespiti yapar ve hatalar1 kendisi otomatik
onarabilmektedir. Dolayisiyla kullanimi olduk¢a kolay ve donanimsal
mimariden bagimsizdir. Dolayisiyla siradan birgok farkli donanim ve yazilim
ile kolayca kullanilabilmektedir. Bu da ekonomik bir alt yap:1 olanagi
saglamaktadir. Hadoop kiimesindeki bir slave diigiimiin kesintiye ugramasi,
caligmay1 aksatmaz. Is kalan makine sayisma gére yeniden yapilandirilir.
Kiimenin kesintisiz ¢aligmas1 da kolaylik saglamaktadir. Dagitilmis dosya
sisteminde caligarak paralel model kurmak, hizli ¢alismay1 ve test etmeyi
saglamaktadir. Program pargalarnm hizli ¢alismasit ve hizli test edilmesi
performans agisindan ¢ok 6nemlidir (ASF, 2020; Y. Kumar ve ark., 2020).

4. Sonug

Bu c¢alisma kapsaminda biiyiik veri modellerinden olan Hadoop
ekosisteminin temel bilesenleri ve bu bilesenlerin aktivasyon mimarisi
anlatilmaktadir. Giliniimiiz i¢in biiyiikk verilerin islenmesine yonelik olan
ihtiya¢ artmaktadwr. Bu alan iizerinde calisacak aragtirmacilara bir temel
olusturacag1 ve literatiire katki saglayacagi diisiiniilmektedir.
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Siyanobakteriler ve Toksinleri

Hatice Banu Keskinkaya', Cengiz Akkoz'

YSelcuk Universitesi Fen Fakiiltesi Biyoloji Boliimii,
E-mail: banu.keskinkaya@selcuk.edu.tr

1. Giris

Tatl su kaynaklar1 agisindan son derece zengin olan iilkemizde su
kirliliginin artig1 siyanobakteriyel toksinlerin yaratacagi risklerin 6nemli bir
isareti olmaktadir. Plansiz yerlesim ve sanayi atiklarinin hemen hemenhig
islem gormeden i¢ sulara desarj edilmesi bu durumun en 6nemli nedeni olup
birgok go6l,baraj goli ve akarsuda su kalitesinin bozulmasmma ve
siyanobakteriyel kiimelerin olusumuna ortam hazwrlamaktadir.Yiizey
sularinda otrofikasyonla birlikteasir1 alg artis;, sularin  kullanimini
sinirlamakta, toksik tiirlerin bir araya gelmesiyle diinyadaki su kaynaklar1 ve
kiy1 sularinda insan saglig1 i¢in biiyiik bir tehlike olugturmaktadir.

Igerdikleri fotosentetik pigmentler nedeniyle mavi yesil algler olarak
adlandrilan siyanobakterilerin karasal ve kiy1 sularinda bulunan en az 46
tiri omurgalilarda toksik etki olusturmaktadir. Bu toksinler etkileri
acisindan; hepatotoksin, norotoksin ve sitotoksinler olarak smiflandirilmakta
olup, kimyasal olarak da siklik peptitler (hepatotoksik, mikrosistinve
nodularin), alkaloidler( norotoksik, anatoksin ve saksitoksin) ve LPS
(lipopolisakkarit) endotoksinler olarak 3 ayri grupta incelenmektedirler.

Diinyanin pek ¢ok iilkesinde c¢arpik kentlesme, plansiz yapilagsma ve
bilingsizce olusturulan ¢evre kirliligi sonucu yer iist sular1 oldugu kadar yer
alt1 sular1 da hizla tiiketilmis ve kirletilerek kullanilmaz hale getirilmistir.
Gelismekte olan iilkeler de atik sularin ancak %5’inin aritilabilmesi,
endiistriyel ve evsel atiklarin g¢evreye, akarsulara ve yer alti sularina
denetimsiz bir sekilde verilmesi 6nemli sorundur (Gergek ve Yesildal,2006).

Kirlilik artigma bagl olarak siyanobakteri biyokiitlesinin sudaki artis1 da
su kalitesini etkilemektedir. Mavi-yesil alglerin(siyanobakteriler) sularda
asir1 derecede cogalmalar1  “’bloom’’ olarak tanimlanmaktadir. Bu tiir
biyolojik faaliyetlerin artigisuyun tat ve kokusunda degisikliklere neden
olmaktadir. Ozellikle yiizey sularinda &trofikasyonla birlikte asir1 alg artist,
sularin igme suyu olarak kullanimini sinirlamakta,toksik tiirlerin bir araya
gelmesiyle diinyadaki su kaynaklar1 ve kiyr sulardinda insan saghigi icin
biiyiik bir tehlike olusturmaktadir ( Charmichael and Falconer,1993).
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Son yillarda nehirlerde gollerde ve igme suyu goletlerinde besleyici
tuzlarm 6zellikle fosfat ve azot bilegenlerinin seviyesinin artmasi ile ortaya
¢ikanve dogal bir bbiyolojik iiretimi sonucuolan 6trofikasyon,siyanobakteri
artigina nede olmaktadir.

1.1. Siyanobakterilerin Morfolojisi ve Taksonomisi

Siyanobakteriler igerdikleri fotosentetik pigmentler nedeniyle ‘’mavi-
yesil alg”’ olarak adlandirilan sicak su kaynaklarindan,Antartika’da gegici
olarak donan su habitatlarinakadar genis bir yayilim gdsteren organizma
grubudur. Yapilarindaki pigmentler sayesinde CO, ve suyu 1s18n etkisi ile
karbonhidratlara ¢evirmekte ve bdylece su ortamindaki besin degerinin ve
¢Oziinmiis O, oraninin artmasini saglamaktadirlar (Hitzfeld et al,2000).

Cyanophyceae olarak adlandirilan siyanobakteriler gergek c¢ekirdekleri
zar ile gevrili organelleri ve plastitleri olmayan prokaryotik organizmalardir.
Cekirdek zarlar1 olmadigindan DNA ve pigment maddeleri stoplazma iginde
daginik halde bulunmaktadir. Hiicre duvar1 peptidoglikan yapisinda ancak
prokaryotlara 06zgli 70S ribozom yerine 80S ribozom i¢ermektedir.
Hiicreler,karotenoid yoniinden zengin olup musilajli ve ¢ift ¢eperden olusan
imce bir ki ile gevrilidir (Cirik ve Cirik,2004). Aksesuar pigmentleri
(fikobiliproteinler) fikosiyanin,allofikosiyanin, fikoeritrin, klorofil-a ve c,
karotenoidlerden (ksantofil, p-karoten) olusmakta, alglerin mavi-yesil
gOriinlimii  fikosiyanin ve diger pigmentlerin fikoeritrin pigmentini
baskilamasindan kaynaklanmaktadir. Siyanobakteriler bagimsiz plastitleri
olmadigindan homojen bir sekilde boyanmaktadirlar( Rinehart ve ark.,1994).
Elektron mikroskobu ile yapilan aragtirmalarda, kromoplazmanin fotosentetik
yapida ¢ift lamelli tilakoidlerden olustugu ve bu yapilarim iizerinde klorofil-a
tasidiklar1 bilinmekte, tilakoidleri olusturan bulameller arasinda da biliprotein
tanecikleri yer almaktadir (Cirik ve Cirik, 2004).

Siyanobakteriler tek hiicreli veya ¢ok hiicreli koloniler olusturabildikleri
gibi ipliksi yapida da olabilmektedirler. Uemeleri vejetatif bdliinmeyleveya
cesitli tipte sporlarla gergeklesmektedir. Ipliksi formlarmnin bazilarinda ipligi
olusturan hiicreler arasinda tek bir hiicreden olusan dayanikli spor hiicrelerine
(akinet) rastlanmaktadir. Ortam uygun oldugunda bu hiicre ipliksi govdeden
(thallus) kopmakta ve yeni bir thallus olugturmaktadir. Thallusu olusturan
hiicreler arasinda akinetten daha kalin c¢eperli ve saydam goriiniisli,
fotosentez yetenegini kaybetmis havanin serbest azotunu filse edebilen
“heterosist”” denilen 6zellesmis hiicreler sistematigin olusturulmasinda etkili
olmustur(Graham ve Wilcox,2000).

Havanmn serbest azotunu tutma &zelligi ¢ogunlukla filamentli heterosist
iceren Siyanobakteriler de goriildiigii gibi heterosist igermeyen cinslerde de
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tespit edilmistir. Anabeana ve Nostoc tiirleri topragi azot yoniinden
zenginlestirerek, yesil giibre olarak kullanilmaktadir (Duy ve ark.,2000).

2. Siyanobakteri Toksinleri

Siyanobakterilerin diinyada karasal ve kiy1 sularinda bulunan en az 46
tirtiniin omurgalilarda toksik etkiyi olusturdugu bilinmektedir.

Siyanotoksin olarak adlandirilan siyanobakteri toksinleri etkileri
acisindan;hepatotoksin,ndrotoksin ve sitotoksinler olarak siniflandirilmakta
olup kimyasal olarak da siklik peptitler (hepatotoksik,mikrosistin ve
nodularin), alkoloidler (norotoksik,anatoksin ve saksitoksin) ve LPS
(lipopolisakkarit) endotoksinler olarak 3 ayr1 grupta incelenmektedirler (
Codd,2000). Ayrica serbest yasayan veya simbiyont olan bazi
siyanobakteriler tarafindan iiretilebilen,nérotoksik bir deger toksin [-N-
metilamino-L-Alanin (BMAA) olarak bilinmektedir (Charmichael ve
Falconer,1993). Son yillarda birgok siklik ve dogrusal peptid tanimlanmustir.
Bunlardan bir kismmin proteaz engelleyiciler oldugu belirlenmis, bir
kisminin ise biyolojik etkinligi halen tanimlanamamgstir (WHO,2003).

Tablo 1. Siyanobakterilerin toksinleri ve etkiledikleri organlar ( Charmichael
WW, Falconer IR, 1993).

Toksin Grubu Memelilerde i1k Hedef Siyanobakteriler
Organ

Siklik peptitler
Mikrosistin Karaciger Microcystis
Mikrosistin Karaciger Anabaena
Mikrosistin Karaciger Planktothrix
Mikrosistin Karaciger Nostoc
Mikrosistin Karaciger Hapalosiphon
Mikrosistin Karaciger Anabaenopsis
Nodularin Karaciger Nodularin
Alkoloidler
Anatoksin-a Sinir sinapslari Anabaena
Anatoksin-a Sinir sinapslari Planktothrix
Anatoksin-a Sinir sinapslari Aphanizomenon
Anatoksin-a(S) Sinir sinapslari Anabaena
Aplysiatoksin Deri Lyngbya
Aplysiatoksin Deri Schizothrix
Aplysiatoksin Deri Planktothrix
Silindrospermopsin Karaciger Cylindrospermopsis
Silindrospermopsin Karaciger Aphanizomenon
Silindrospermopsin Karaciger Umezakia
Lyngbiyatoksin-a Deri, bagirsak sistemi Lyngbya
Saksitoksin Sinir Aksonlar1 Anabaena
Saksitoksin Sinir Aksonlar1 Aphanizomenon
Saksitoksin Sinir Aksonlari Lyngbya
Saksitoksin Sinir Aksonlar1 Cylindrospermopsis
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2.1. Siklik peptitler

Tatli sularda okyanuslara kadar degisen farkli su  kiitlelerindeki
siyanobakterilerde sentezlenen siklik peptit yapisindaki toksinler mikrosistin
(MCYST) ve nodiilarin (NODLN) olarak bilinmektedir. Diger siklik
polipeptitler olan siyanopeptolinve anabaenopeptinlerin daha az toksik
oldugu bildirilmektedir. Kii¢iikk molekiiller olup, dogrusal olanlara gére 100
kat daha fazla toksik olduklar1 bilinmektedir. Pek ¢ok siklik toksin hidrofilik
karakterde olup,genellikleomurgali hiicre zarindan gegememekte ve bu
nedenle enerji gerektiren tasima sistemleri ile alinmaktadir ( Kotak ve
ark.,1995) Fare karacigerinde yapilan deneyler siklik peptitlerin
taginmasinda, organik anyon tastyicilarin sorumlu oldugunu goéstermektedir
(Hermansky ve ark.,1990). Bu nedenle mikrosistin ve nodularin hiicre
zarlarindan karaciger gibi organik anyon tastyicisi olan organlara gegebildigi
tespit edilmistir (Codd,2000).

Mikrosistinler, Microcystis, Anabeana, Oscillatoria ve Nostoc gibi
siyanobakteri cinsleri tarafindan iiretilmektedir. Ik  kez Microcystis
acroginosa’dan izole edilmis olan mikrosistininyaklasik 65 c¢esidini
bulundugu ve  mikrosistin-L-R  nin  en  toksik tlirev  oldugu
bildirilmektedir.Bugune kadar tanimlanan 3 toksik tiirden (M.aeruginosa,
M.viridis, M. wesenbergi) yalnizca M.aeruginosa toksikolojik arastirmalarda
kullanilmis ve yapilan laboratuvar kiiltiirlerinde MCYST iireten tiirlerin
yiksek tuz konsantrasyonuna karst dayanikli oldugu goézlenmistir
(Carmichael,2001).

Genel mikrosistin yapisi, siklo-(D-alaninl-X2-D- MeASP-Z4-Adda5-D-
glutamat6-Mdha7) olarak tanimlanmistir. X ve Z iki degisken L-aminoasit;
D-MeAsp,D-erytro-p-metilaspartik asit ve Mdha, N-metildehidroalanindir.
Adda ise siyanobakteri toksinlerine &zel,nadirgdriilen bir aminoasit olsrsk
belirtilmektedir. Yapilan arastirmalar sonucu aminoasit kombinasyonlarma
iligkin,mikrosistin -LR

(leucine-arginine),mikrosistin —RR  (arginine-arginine), -YR (tyrozine-
arginine) ve —YA(tyrosine-alanine) seklinde 4 farkli formu siklikla tespit
edilmekte,en etkili olaninin mikrosistin —LR oldugu bilinmektedir. Aci
sularda hakim olan siyanobakteri Nodularia spumigena ‘dan izole edilen
nodularin ise mikrosistine bener aminoasitler icermektedir. Mikrosistinde 7
aminoasit varken nodularinde 5 aminoasit bulunmaktadir (Lee ve ark.,1997).

Asr1  alg c¢ogalmalarma iligkin bildirilen en yiiksek MCYST
konsantrasyonu Cin’de toplanan orneklerde 7300 pg/L ve NODLN
konsantrasyonu Baltik Denizi’nde toplanan orneklerde 18000 ug/L olarak
tespit edilmis olup, hepatotoksik etki gosteren bu toksinlerin ince
bagirsaklardan emiliminin gergeklestigi,safra asidi tasiyicilarinin aktivitesiyle
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hepatositlere alindigr ve hiicre yapisint olusturan aktin miyotelciklerinin
hiicre merkezine y1g1lmasina neden oldugu belirtilmektedir.

Sonu¢ olarak, karaciger sinuzoidlerinin ve parankimal hiicrelerin
yikimlanmasma neden oldugu ve intrahepatik kanama veya hepatik
yetersizlik olusturdugu bildirilmektedir (Carmichael ve
Falconer,1993)(Carmichael,2001). Nodularinden kaynaklanan
zehirlenmelerde de toksin, karaciger hiicrelerine mikrosistinler gibi etki
gostermekte ve protein fosfataz 1 ve 2A enzimlerini inhibe
etmektedir(Yoshizawa ve ark.,1990). Hiicre homeostazisin siirekliliginin
saglanmasinda rol oynayan protein fosfatazlarm engellenmesihedef
proteinlerin drnegin tiimdr baskilayici proteinlerin fazlaca fosforlanmasma
neden olmakta,bu sekilde Onemli degisimler sonucu asir1 sinyal
olusumunu, hiicrenin hizla boliinmesini, transformasyon ve tiimoér olusumunu
tesvik edebilmektedir (Falconer,1996).

Tayvan’da yapilan bir arastrmada (Lee ve ark.,1997) farkli 6trofik
goletlerden tespit edilen 9 siyanobakteri (M. aeruginosa) tiiriinden yapilan
analizlerde , MCYST -LR ve —RR igerikleri ve miktarlar1 0,11-0,16 pg/mg
ve 0,08-2,21 ng/mMykuru agirii) 0larak tespit edilmistir. Farelerde intraperitonal
enjeksiyon ile toksik etkileri ortaya konulmus, MCYST -LR ve —RR’nin
toksisite degerleri sirasiyla 252-8 pg/kg fare ve 221-2 ng/kg fare (LDqqp)
olarak belirlenmis,6len farelerin karacigerlerinin sigkin,koyu renkli ve
hemoroit oldugu gozlenmistir. Kargilastirmali olarak LDsq degeri MCYST -
LR igin 50 pg/kg fare, MCYST -RR i¢in 600 pg/kg fare olarak
belirlenmistir.

Sekil 1. Toksin ekstraktlar1 ile muamale edilen albino fare karacigerlerinin
makroskobik patolojisi (iist sira; kontrol grubu %0,9 NaCl verilen karaciger
goriintiisi, alt sira; MCY ST tireten P.agardhii ve Silindrospermopsin iireten
C.raciborskii (5,10,20 mg/ml kiiltiir ekstraktlart) (Plankrothrix agardhii,
Cylindrospermopsis raciborskii).
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2.2. Alkaloidler

Alkaloid yapisinda bir ndriitoksin olan anatoksin, bir¢ok siyanobakteri
(Anabeana ve Oscillatoria) tarafindan  iiretilmektedir.  Anatoksin-
a,homoanatoksin-a ve anatoksin (s) olarak 3 gruba ayrilmaktadir. Giiglii post-
sinaptik depolarize edici etkisiyle ndromuskuler blokaj yapan bu ajan, sinir
sistemini etkiyerek Na* kanallarinin siirekli acik kalmasmi saglamaktadir.
Bu nedenle toksinin alimina bagli olarak kas demetlerinde kasilma,solunum
sistemi kaslar1 etkilendiginde abdominal solunum,beyinde O, yetersizligi
sonucu ¢irpinmalar, konviilziyon (havale) ve siyanoz (morarma) sonucu 6lim
sekillenebilmektedir.

Anatoksin —a(s) bilinen tek dogal organofosfat kolinesteraz inhibitoridiir
ve salivasyona (tiikiiriik salgis1) neden olmaktadir. Toksisitesi yiiksek olan
anatoksin —a(s) farelerde LDsq degeri 20 pg/kg olarak tespit edilmistir. En
belirgin semptomlar1 vizkos mukoid hipersalivasyon ve lakrimasyon (gézyasi
salgis1) olup, mide bulantisLkusma, diyare de gézlenmektedir. Oliimiin
solunumun durmast sonucu olustugu belirtilmektedir (Charmichael, 2001).

Alkaloid yapida bir toksin olan saksitoksinin ozellikle tatli sularda
Anabaena circinalis ve Oscillatoria tiirleri tarafindan iretildigi, tath su
midyelerine aktarilabildigi ve alglerle beslenen deniz midyelerinde toksin
birikiminin olustugu agiklanmaktadir (Negri ve ark., 1997). Bu toksinler de
sinir sistemi iizerindeki Na® kanallarin1 bloke ederek sinir impulslarinm
iletimini engellemektedir. Paralitik deniz kabuklular1 zehirlenmesine (PSP)
neden olan tetradoksine benzer sekilde etki gosteren saksitoksinin mide
bulantisi, kusma, yiizde, dilde ve dudaklarda uyusma, ekstremitelerde
pazaliz, konusma ve nefes alma gicligiine neden oldugu, Oliimiin
respiratorik paraliz sonucu meydana geldigi belirtilmektedir (Lantsberg ve
ark., 2006).

Ozellikle Avustralya’nin tropikal ve subtropikal bdlgelerindeki igme
sularinda saghk sorunlarma neden oldugu bilinen slindrospermmopsin
(CYN) ise Cylindrospermobsis raciborskii tarafindan iretilmektedir
(Carmichael, 2006). Siklik Guanin-alkoloid yapisindadir ve hepatotaksik
ozelliktedir. Protein sentezini bloke ederek karaciger, bobrek ve bagirsaklara
zarar verdigi bildirilmistir. (Plotto ve ark.,1997).

Deniz siyanobakterileri olan Lyngbya, Oscillatoria ve Schizotrix’in
toksinleri yiiziiciilerde deri enfeksiyonu olsturduklarindan dermatotoksik
alkoloidler olarak bilinmektedirler. Lyngbya tiirlerinin neden oldugu iltihapl
yaralarin  aplisiyatoksin ve debromoablisiyatoksinden kaynaklandigi
belirlenmistir. Yine Lyngbya nimn bir tiiriinden izole edilen Lingbiyatoksin-a
adli toksinin deri agiz ve bagwsak mukozalarinda iltihaba neden oldugu
bildirilmektedir (Carmichael, 2006).

148



INSAC Academic Studies on Natural and Engineering Sciences Chapter 8

Siyanobakterilerin iirettikleri biokimyasal bilesenlerin bir kismi ise tip ve
eczacilik alanlarinda kullanilmaktadir. Elde edilen bu dogal iiriinlerin
antikanser, antifungal, anti-HIV ve antimikrobiyal ozellikleri {izerinde
caligilmaya devam edilmektedir. Nostoc spp.’den izole edilen peptit esterleri
yapisindaki kriptofisinin kansere karsi ilag yapiminda kullanuna iligkin
aragtirmalar bulunmaktadir. Yapilan arastirmalar sonucunda tatli su ve
karasal kaynaklardan izole edilen Nostoc ve Sitigonemotal tiirlerinin
asutipsin, indolkarbazol, parasilofan, tolitoksin tantazol, toyokamsin ve
tiibersidin gibi sitotoksik antibiyotikler icerdikleri saptanmistir (Carmichael,
2001), (Rinehard ve ark., 1994).

Tablo 2. Tirkiye’deki Su Havzalarinda Bulunan Siyanobakteriler

Iznik Golii Nodularia spumigena Nodularin

Iznik Golii Planktothrix rubescens Microcystins

Sapanca Golii | Planktothrix rubescens Microcystins

Kovada Golii Microcystis aeruginosa Microcystins (MC-LA, MC-LW)

Kovada Golii Synechococcus sp. Microcystins (MC-LA, MC-LW)

Kovada Golii Phormidium spp. Microcystins (MC-LA, MC-LW)

Kovada Goli Planktothrix limnetica Microcystins (MC-LA, MC-LW)

Kovada Goli Pseudoanabaena catenata | Microcystins (MC-LA, MC-LW)
(dominant)

Kiigiikgekmece | Microcystis aeruginosa Microcystins (MC-YR, MC-LR)

Goleti

3. Saghk Uzerindeki Etkileri

Siyanobakteri toksinleri insan ve hayvan sagligi igin tehlike
olusturmaktadir. Ozellikle baliklarin iiremek ve yumurta birakmak icin
bulunduklar1 kiy1 bolgelerdeki siyanobakterilerin olusturduklar: topluluklar
onemli bir tehdit unsurudur. Siyanobakteri toksinlerini igeren sularin i¢ilmesi,
aspire edilmesi (agiza gelen atiklarin akcigere kagmasi) ve bu sularla temes
yoluyla etkilerinin ortaya ¢ikmasi sdz konusudur. Zehirlenmelerde 6zellikle
karaciger rahatsizligi ve bobrek yetmezligi olan kisilerle, ¢ocuklarmn viicut
agirliklarma gore daha gok su tiikketmeleri sebebi ile daha fazla risk tasidiklart
bildirilmektedir (Brittain ve ark.,2000), (Plotto ve ark.,1997).

Bildirilen ilk siyanobakteriyel gastroenterit vakasinin 1931 yilinda Ohio
Nehri’'nden kaynaklandigi, daha sonra ise Zimbabve’de bir su deposunda
Microcystis spp. Artigma bagli olarak gelisen zehirlenmelerde gocuklarin
bilyiik oranda etkilendigi bildirilmektedir (WHO, 2003).

1996 yilinda Brezilya’da bir hemodiyaliz merkezinde tedavi géren 117
hastanin diyaliz i¢in kullanilan sudaki MCYST’lere magruz kaldigi, 100
hastada karaciger yetmezligi belirlendigi ve 56 sinin 61diigii rapor edilmistir.
Olenlerden enaz 44 {iniin MCYST zehirlenmesine iligkin tipik semptomlar1
(kas yorgunlugu, karacigerde agr1 ve biiyiime) olarak bildirilmistir. Incelenen
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kan ve karaciger doku 6rneklerinde MCYST diizeyi sirast ile 10 mg/ml ve
0,1-0,5 ng/mg olarak saptanmistir. Kalifornia Salton Sea Goliinde nehir ve
tarimsal drenaj kaynakli yiiksek organik madde yiikii ve yaz aylarinda 38 °C
ye ulasan sicaklik nedeni ile siyanobakteryel g¢ogalmalar sonucu bolge
baliklar1 ve gé¢yolu iizerindeki su kusu (Podiceps nigricallis) oliimleri ile
arastirmalara konu olmustur (Carmichael, 2006).

Tablo 3. Siyanobakteriyel toksinler ve akut toksisite degerleri (WHO, 2003).

Siyanotoksinler Saf Toksin Toksinleri Toksisite
LDso(fare) | Urettigi Bilinen | Mekanizmasi
(ng/kg) Siyanobakteriler
Protein Fosfotaz Engelleyiciler
Genel olarak MCYST | 45-<1000 Microcystis Kovalent bag
Genel olarak MCYST | 45-<1000 Planktothrix yaparak protein
Genel olarak MCYST | 45-<1000 Oscillatoria fosfatazi
Genel olarak MCYST | 45-<1000 Nostoc engeller ve
Microcystin-LR 60(25-125) Anabaena karaciger
Microcystin-LR 60(25-125) Anabaenopsis kanamasina
Microcystin-YR 70 Hapalosiphon neden olurlar.
Microcystin-RR 300-600 Bazen kiimiilatif
Nodularin 30-50 Nodularia etki olugabilir.
spumigena
Norotoksinler
Anatoksin-a 250 Anabaena Post-sinaptik
Anatoksin-a 250 Oscillatoria depolarizasyonu
Anatoksin-a 250 Aphanizomenon engeller
Anatoksin-a 250 Cylindrospermopsis
Anatoksin-a(s) 40 Anabaena Asetil
Anatoksin-a(s) 40 Aphanizomenon kolinesterazi
Anatoksin-a(s) 40 Anabaena engeller,
Anatoksin-a(s) 40 Lyngbya sodyum
Saksitoksinler 10-30 Cylindrospermopsis kanalllarim
raciborskii bloke eder.

fgme suyundan toksinlerin uzaklastirilmasinda uygulanan klasik yotemler
yeterli olmadigmdan insanlar uzun siireli olarak kronik toksisiteye maruz
kalabilmektedir. Bu sebeple siyanobakteri kiitlesinin diizenli bir sekilde
izlenmesi ve su kaynaklarinda toksin seviyesinin tespiti 6nemlidir (Codd,
2000), (Falconer, 1996).

Tatlisu siyanobakteri tiirlerinin olusturdugu alerjik veya iritatif dermal
reaksiyonlar, su kiitlesinde siyanobakteri hiicre yogunlugunun artmasi ve
metabilitlerin yiiksek konsantrasyonda bulunmasi ile ger¢eklesmektedir. Bir
arastirmada, 1989 yilinda Ingiltere’de 20 askerden 10 unun microcystis spp.
Iceren golde yiizmeleri sonucu hastalanmis oldugu, 2 sinde doksin
inhalasyonuna bagli pineumoni gelistigi bildirilmistir. (Pilotto, 1997).

Kronik etkileri incelendiginde siyanobakteri hepatotoksinlerinin tiimor
gelisgimini stimiile ettgi ve karaciger kanserinin olusumuna yol agtigi
belirlenmistir Mikrosistinlerin protein fosfataz inhibisyonuna neden olmasi,
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hiicre yapisindaki degisim mekanizmasinin agiklanmasinda olduk¢a onemli
olup artan fosforilizasyon, karaciger hiicre yapisinda morfolojik degisimlere
neden olmaktadir (Fileming ve ark., 2002).

4, Siyanotoksin Iceren Sularda Aritma

Toksin igeren sularin temizlenmesi, siyanobakteriyel tabakalarm ve
toksinlerin yogunlugunun azaltilmasi i¢in kimyasal ve mekanik ydntemler
gelistirilmistir (Hitzfeld ve ark., 2000).

Siyanobakteriyel ¢ogalmalarin goriildiigii sulak alanlarda, Kkitlenin
hareketini Onleyen filtreler ve engeller kullanilmakta, su kiitlelerinden
sediment tabakanin uzaklastirilmasi ile siyanobakteriyel ¢ogalmanin gecici
olarak engellenmesi saglanabilmektedir. Aliminyum Siilfat ve FeCl; ilave
edilerek, kiiciik molekiillerin birlestirilmesi ile daha biiyiik partikiillerin
olusturulmas: ilkesine dayanan koagiilasyon yontemi ile siyanobakteri
hiicreleri  yok edilmektedir. Ancak suda ¢Oziinmiis toksinlerin
uzaklastirilmasi miimkiin olmadig1 gibi hiicrelerin par¢alanmasina bagli
toksin salinuna neden oldugu da yapilan ¢aligmalar ile ortaya konmustur.
Toksinin  uzaklastirilmasinda  aktif karbon, filtrrasyon, klorlama,
sedimentasyon, kum filtrasyonu ve aktif karbon filtrasyonu gibi pek c¢ok
yontem birlikte kullanilarak bir sistem olusturulmus ve sadece aktif karbonun
toksinin uzaklastirilmasinda etkin oldugu belirlenmistir (Hoeger ve ark.,
2004).

Bu degerin gegici olarak ifade edilmesinin nedeni, sadece MCYST -LR
icin smir degerinin sagtanmis olmasidir. WHO nun gegici Oneri degeri bir
¢ok iilkede ya direk olarak kabul gérmiis (Fransa, Japonya, Kore, Yeni
Zelanda, Norveg, Polonya, Breziya, Ispanya) Ya da deneysel calismalar ve
giinliik tolere edilebilir miktar degerlendirilerek diizenlenmistir. Ornegin
Avusturalya’da toplam MCYST degerinin (1.3 ug/l), MCYST -LR’ye toksik
olarak denk oldugu belirlenmistir. Bunun gerek¢esinin ise Avusturalya’da en
¢ok bulunan yaygin toksin lireten Microcystis aeruginosa’ nin degisen
oranlarda  MCYST varyantlarimi olusturmast nedeniyle oldugu ifade
edilmistir (WHO, 2003).

fcme ve kullanma sularinda bulunabilen siyanobakteriyel toksinler, insan
ve hayvan saghg1 acisindan biiyiik risk tegkil etmektedir. Siyanobakterilerin
su kaynaklarmdaki kontroliine iliskin alinmasi gereken onlemlerin basinda
yiiksek risk tasiyan alanlarda (igme ve kullanma suyu saglayan baraj gélleri
ile balik¢ilik ve rekreasyon alani olan gollerde) risk analizleri ( yonetim ) ve
izleme programlar1 olusturularak, kontrollerin diizenli olarak yapilmasi,
sularin  toksinlerden armdirilmast i¢in uygun aritma metodlarmnin
uygulanmasi ve en Onemlisi insanlarin konu ile ilgili bilgilendirilerek,
bilinglendirilmesi gelmektedir.

Su kaynaklarinda siyanobakteri kotrolii igin en etkili yontem, asiri
cogalmalar ve buna bagl olusan toksin artis1 6ncesinde su kiitlesinin kontrolii
ile olusularinin engellenmesi olmalidir. Bu kapsamda multidisipliner olarak
konu ile ilgili arastrmalarin arttirilmasi gerekmektedir. Kanun yapicilar ve
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yerel yonetimler, saglik personeli ve en dnemlisi ilgili teknik personel (cevre,
kimya miithendisleri vs.) bilgi paylagimi ile isbirligi icerisinde ¢aligmalidir.
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1. Introduction

Aircraft refers to any vehicle that can take off and has the ability to
navigate in air (SHGM, 2013). The drone is an unmanned aerial robot that
can be controlled remotely (Bansal et al., 2021). Like the technology of the
20th century, drones or generally unmanned aerial vehicles (UAV,
Unmanned Aerial Vehicle) were firstly designed for the defense industry for
observation purposes. Military. They are nowadays widely recognized by the
masses since they began to be used in military work (Akhloufi et al., 2019).

UAVs operate as radio controlled (RC, radio controlled) or remote
controlled. Thanks to the camera and transmitter on it, it is ensured that the
person controlling the device remotely performs the flight as if looking from
the cockpit of the plane. They can be in various shapes and structures
according to their intended use. UAVSs can be aircraft, helicopters and multi-
engine (multi-motor) drones, examples of which are shown in Figure 1
(Izgol, 2021). In this study, the most popular type of UAV today, the
multicopters are mentioned and the word "drone" is generally used for
multicopters.

-

(b) (©)

Figure 1. Unmanned aerial vehicle examples (a) Aircraft (Pratt, 2021), (b)
helicopter (Alpha, 2020), (c) Drone (Izgdl, 2021).
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2. Material And Method

Drones and its parts affecting performance are examined in detail. Drones
are named according to the number of engines they have, such as 3 engines
(tricopters), 4 engines (quadcopters), 6 engines (hexacopter) and 8 engines
(octacopters). Regardless of how many engines the drones have, they can be
of different sizes according to their purposes. According to Hoffmann et al.
(2005), quadcopters are more useful due to their symmetrical structure. The
low number of engines ensures that the working area is more efficient and
safer. Thus, although they are more user-friendly than other multi-engine
drones, also they are cheaper.

Drones can belong to a brand or we can manufacture them ourselves. If
we decide to make it ourselves instead of buying a branded drone, we must
first determine the purpose of use, then decide on the parts to be used. A
drone basically consists of the frame (body), landing gear, engines,
propellers, ESC (the Electronic Speed Controller), flight controller
(autopilot), GPS (the Global Positioning System, remote control and receiver
and battery, examples of which are shown in Figure 2.

Figure 2. Drone parts for a quadcopter (Egaoong, 2021).
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2.1. Drone Parts Affecting Performance

The most important component of a drone with a foldable or fixed
landing gear is its frame. It has as many arms as the number of engines and
carries all the other parts on it. The size, shape and material of the frame vary
according to the purpose of use of the drone. The frame can be purchased
ready-made, or can be produced from materials such as aluminum, plastic,
wood, plexi, carbon fiber or 3D printouts. For example, the arms of the 450
class four-engine drone shown in the center of Figure 2 are plastic and the
plates in the middle of the frame are made of fiberglass.

Racing drones should be lightweight as they need high maneuverability,
so their frames are usually made of carbon fiber. Weight is the most
important effect for the drone, so the frame must be strong enough to carry
the entire weight, but light enough not to adversely affect flight performance.
Various frame examples with different shapes and materials are given in
Figure 3.

(©) (d)

Figure 3. Frame examples (a) handmade quadcopter frame (4 engines) made
of aluminum, (b) handmade laser cut wooden quadcopter frame, (c)
hexacopter (6 engines) frame made of carbon fiber (ready frame), (d) carbon
fiber for racing quadcopter (4 engines) frame (ready frame) (izgél, 2021).
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The landing gears used in drones cut off the contact of the drone from
the ground and protect the system parts (eg. gimbal, load release mechanism)
that it carries under the frame in accordance with the work to be done.
Landing gear should be chosen carefully like the frame, therefore, they must
be strong enough to carry the load of the fuselage during landing and take-
off, but light enough not to adversely affect flight performance. In addition,
movible (retractable) landing gear should be preferred instead of fixed
landing gear in long-distance flights, which will not disturb the aerodynamic
structure and therefore flight performance (Izgol, 2021). An example for
fixed and movible landing gear is shown in Figure 4.

(@) (b)
Figure 4. Examples of (a) fixed and (b) movible landing gear (izgol, 2021).

The control card is the most important part that should be in every drone
and provides the most stable flight of the drone according to the commands
given from the control. It may contain special sensors such as accelerometer,
altimeter and barometer. Control cards can be sold empty or with various
hardware such as GPS, power module and current sensor. The most suitable
flight controller should be selected according to the purpose of the designed
drone to have a minimum negative effect on flight performance in terms of
technology and aerodynamics by examining all its features. Various control
card examples are given in Figure 5. For a good performance flight, the GPS-
supported control card will be more useful because the drone can perform
autonomous flight by adhering to the route determined on the map, or when
flying with the remote control, it can return to the place where it took off
(Izgol, 2021).
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(@) (b)
Figure 5. Various examples of control cards (a) CC3D open pilot flight
controller, and (b) DJI Naza flight controller.

Engines provide the necessary lifting force together with the propeller for
the drone to fly. Brushless engines, shown in Figure 6, are generally used in
drone construction, because such engines can be operated with special driver
circuits (ESC - Electronic Speed Controller). They are very efficient due to
the minimum friction. Unlike brushed engines, there are no wearing parts
and they do not need maintenance.

(@) (b)
Figure 6. Examples of brushless engines used in drone construction (a)
mini racing drones (b) 450 - 600 mm diameter drones.

The brushless engine to be used is selected according to the drone to be
made. Parameters such as the battery to be used, the flight time, the weight to
be lifted by the engines, the propeller size to be used are very important in
determining the engine value. When choosing, it will be useful to decide by
looking at the manufacturer's data of the engine to be used. Technical data
such as how many volts the engine operates, revolutions per minute, size, the
minimum-maximum propeller size that it can turn, how many watts it
produces at the minimum-maximum supply voltage and how many grams it
can lift are generally included as the manufacturer's data in all engine brands.
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Different sized bodies have different sized engines. For example, the
value 2830/11 written on a engine means that the stator diameter of the
engine is 28 mm, the stator length is 30 mm and each winding consists of 11
windings (The stator is the part of the engine that produces a fixed, stable
and rotating magnetic field).

The KV (rpm/V) value specified on the engine expresses the revolutions
per minute (rpm) of the engine will rotate with a 1 Volt supply voltage. For
example, 1000 KV value written on a engine means that when 1 Volt voltage
is applied to the engine, it will rotate 1000 revolutions per minute. If it feeds
the 1000 KV engine with 12 volts, the engine will rotate 12 x 1000 = 12000
revolutions per minute. As KV value increases in engines, torque decreases
and rpm increases. As the KV value decreases, torque increases and rpm
decreases, thus increasing the amount of lift. Low rpm (high lift) engines are
preferred in drones carrying weight and in quiet flight areas. High KV
engines are used in racing drones.

With the rotation of the engine, the propeller pushes the air towards the
ground and enables the drone to take off and directs the air flow in the
drone's movements. After the engine is selected, the propeller is decided
according to the battery voltage to which the engine will be fed and the
revolutions per minute permitted by the body.The basic rule for this, if the
engine will run at high speed, it is a rule to choose a small size propeller (for
speed), and if the engine will run at low speed, a large propeller (for torque)
is selected.

The rotation of engines and propellers are of two types, CW (clockwise)
and CCW (counterclockwise). Which engine and propeller will be attached
to which arm of the frame depends on the flight controller to be used and the
instruction manual of the flight controller should be consulted for the
application. Various propeller examples used in drones can be seen in Figure
7 (izgol, 2021).
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Figure 7. Propeller examples for drones.

Since the propeller and engine work together, the engine and propeller
efficiency catalogs, an example of which is in Table 1, are used. Depending
on the battery we use, a propeller suitable for the maximum thrust given by
the engine should be selected.
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Table 1. XA 2212 values of brushless engine (Direnc, 2019). Where,
revolutions per minute (RPM).
Engine Voltage Propeller |Curren Thrust Power Efficienc RPM
Type V) Size t(A) | (G) W) y(GIw)

XA 2212 12 APC11*47 12 830 144 5.8 5720
820KV 8 APC11*4.7 73 500 58.4 8.6 4650
12 /APC10*4.7 151 880 181.2 4.9 6960

XA2212| 8 |APC10*4.7 95 550 76 7.2 5470
980KV 12 APC9*6 | 123 730 147.6 4.9 8220
8 APC9*6 7.1 400 56.8 7 6090

12 APC8*4 | 16.4 930 196.8 4.7 12020
XA 2212 8 APC8*4 9.1 500 72.8 6.9 8900
1400KV | 12 APC8*6 | 20.6 940 247,2 3.8 |10750
8 APC8*6 | 119 520 95.2 5.5 8250

Electronic speed controller (ESC) adjusts the speed of the engine
according to the signals from the controller. The ESC must work
simultaneously with the control card, that is, it must be able to detect and
respond to signal responses from the control card. In order to positively
affect the flight performance, the most appropriate ESC and engine
combination should be selected according to the frame size to be used and
the weight of the drone.

In terms of the maximum current used by the engine and the maximum
voltage values to be used, the ESC should be decided by looking at the list of
engine characteristics. ESC selection should be made after the engine,
propeller and battery values to be used are determined clearly. With this
method, the engine to be used, how many volts this engine will be operated
with is determined and the maximum current that the engine will draw from
the battery is calculated according to the size of the propeller to be used.
Thus, ESC that provides higher ampere value than this current is selected.
ESC is generally preferred at a value above %10 the calculated current value.
The 30A statement written on the ESC indicates that this ESC can withstand
up to 30 Ampers. For example, if the engine withstands to draw 25A current
for 20 seconds, it will be sufficient to select the ESC 30A. There are
generally expressions such as 2-5S Li-Po, 3-4S Li-Po, 3-6S Li-Po and 5-12
Ni-Mh on the ESC. This means that the ESC can operate within the ranges of
Li-Po batteries or NiMH batteries with a specified number of cells. As in
Figure 8, if DC 5,6V - 16,8V is written on the ESC, it means that the ESC
can supply a maximum of 18A current in this voltage range. For the balance
of the drone, it is very important that the ESCs are identical to each other.
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Figure 8. An example of ESC with an 18 A current between the DC 5.6V -
16.8V voltage range.

The main power source that provides electrical energy to the drone is the
battery. Lithium polymer (li-po) batteries that can deliver high current
instantaneously, that is, their capacities vary and have the ability to give
more energy than their weight and size, should be preferred for good flight
performance. These batteries are defined as 1S, 2S, 3S ... . Each S battery is
3.7 Volts (such as 2S battery = 2 x 3.7 Volts = 7.4 Volts). A fully filled lipo
cell is 4.2 Volts. For lipo batteries, each cell should not be dropped below 3.7
Volts for the health of the battery. Lipo batteries should be charged in a
balanced way in every 4-5 refills and the cells should be balanced. Lipo
batteries should never be left attached to the charger for more than two hours
for the health of the battery. Batteries that will not be used for a long time
should be charged in storage mode between 3.7 V - 3.85 V and stored in cool
environments in order not to decrease the usage performance. Battery
examples used for drones are given in Figure 9.

(b)
Figure 9. Drone battery examples (850 mAh and 4000 mAh)
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3. Results And Conclusions

In the light of these informations, accuracy, security and controllability
must be at the maximum level in order for a drone flight to be carried out in
the most optimum way. It is very important for the correct selection of each
equipment that makes up the drones produced to facilitate the lives of people
and to bring them together for a healthy flight. Increasing flight performance
will greatly increase the efficiency of the intended operation with the use of
the drone, and thus more precise and quality work will occur. Whether the
flight is day or night, hot-cold or windy weather affects flight performance.
In addition, flying without being affected by the parts that may get hot during
the flight will make the performance more efficient. Using a large number of
small engines instead of a few large engines will result in the use of smaller
propellers, so the weight will decrease as there will be smaller gearboxes,
and vertical start and hover will be easier. The increase in the number of
engines in drones increases the load-bearing capacity of the device, so the
drones used by large production companies for aerial filming are generally
hexacopter or octacopter types. Increased arm and engine support will allow
larger and heavier cameras to be carried and increase performance according
to the work done.

The temperature of the air, whether it is snowy, rainy or windy, affects
the drone flight. Windy flight increases energy consumption (Zhang et al.,
2021). For example, a drone that takes camera films moves fast, especially in
calm weather, and takes good films. However, in rainy, strong winds or
foggy/cloudy weather, the use of drones can become inefficient due to the
thrust power and low performance of the sensors on it, and it becomes
difficult to navigate (Sinha, 2017). For a drone to be as capable as possible,
its handling performance must be increased. For this purpose, weight should
be minimized and power distribution should be maximized. If it is a racing
drone, the power/weight ratio of the drone is increased, thus the handling
performance of the drone is also increased. A drone with a high power-to-
weight ratio will provide more efficient use than a system with a low power-
to-weight ratio (Sinha, 2017; Souvik, 2017; and Malka, 2019).

As the effective control of the drone will ensure the work done in a safer
and shorter time, it will greatly increase its preferability. In terms of the
efficiency of flight performance, the drone's own weight should be reduced
to a minimum, because weight plays an enormous role during flight. Also,
maximizing the power distribution is required for the efficiency of the parts
it carries. It is important that the parts used in the drone are synchronized
with each other. Therefore, it is very important to use the appropriate and
right parts to each other.
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1. Introduction

Caffeine (1,3,7-trimethylxanthine) is a central nervous system (CNS)
stimulant, and widely consumed substance worldwide (Fredholm et al.,
2017). It is used for the treatment of prematurity apnea (Dobson and Hunt,
2013) due to its pharmacological effects such as to increase oxygen
consumption and to enhance diaphragmatic contractility (Comer et al., 2001;
Kraaijenga et al., 2015; Abdel-Hady et al., 2015). Caffeine is an adenosine
antagonist at the A2a receptors, and a non-selective adenosine antagonist at
Al receptor (Dobson et al., 2014; Jawdeh et al., 2013; Dobson et al., 2013).
Through this action the relationship between caffeine and epileptic seizures
has been demonstrated by a variety of experimental and clinical studies
(Ruangkittisakul et al., 2015; Germe et al., 2015; Gupta et al., 2014;
Johansson et al., 1996) including the genetic absence epilepsy models such
as Wistar Albino Glaxo from Rijswijk (WAG/RIj rats) (Dede et al., 2019).
More importantly, considering that caffeine is used in the treatment of
premature apnea, it gains importance to reveal the relationship between
caffeine exposure in the early stages of life and epileptic seizures. Relatively,
in P7-P11 or P13-P17 this substance can elevate the threshold of epileptic
activities, it can be pro-convulsive at the P25 (Yavuz et al., 2019).

Caffeine has also potential to affect different brain areas such as
cerebellum since it contains Al adenosine receptors (Fastbom et al., 1987;
Goodman and Synder, 1982). The cerebellum, containing roughly 80% of the
neurons in CNS (Andersen et al., 1992), is a large part of the brain in all
vertebrates. It regulates motor activities, and supports cognitive processes
such as learning, attention, executive function, and language (Sokolov et al.,
2017; Popa et al., 2016; Kandel, 2013). There are evidences for not only its
involvement in generation of epileptic activities (Kros et al., 2017; Marcian
et al., 2016), but also its suppressive role on different epileptic convulsions
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(Guidetti et al., 1975; Niedermeyer and Uematsu, 1974) including absence
seizures (Blumenfeld, 2012; Noachtar and Peters, 2009). Besides this, there
are different studies related with the effects of neonatal caffeine exposure on
cerebellum. For instance, a caffeine-supplemented protein diet fed to rats
from PO to P43 leads to an increment RNA and protein amount in the
cerebellum (Yazdani et al., 1988). The same authors have reported that a
higher dose of caffeine administered from PO to P10 causes a reduction in
cerebellar weight and an increase in fatty acid content of the cerebellum
(Yazdani et al., 2004). In addition, acute high dose caffeine exposure
throughout neonatal period elevates apoptosis in cerebellum as reported by
Black et al., 2008. All these works have been employed on healthy animals.
However, there is no study investigating the effects of the neonatal caffeine
exposure on cerebellum of epileptic rats.

Considering role of cerebellum and effects of caffeine on epileptic
activities, in the present study, we aimed to bring a biophysical approach to
the subject. Indeed, the molecular changes caused by caffeine administration
in the neonatal period in cerebellum region of WAG/RIij rats were
investigated. We used epileptic WAG/RIj rats known as an animal model of
human absence epilepsy. At the age of 2 months the rats start to show
bilateral spike wave discharges (SWD) in electroencephalogram, however
older than 5 months they are fully manisfested by hundreds of SWDs with
behavioral signs of spontaneous absence seizures (Russo and Citraro, 2018;
Van Luijtelaar and Zobeiri, 2014). We utilized Fourier Transform Infrared
(FT-IR) spectroscopy. This technique is relatively a simple, sensitive,
accurate, highly reproducible, and rapid, diagnostic tool. It offers a suitable
methodology to analyze brain tissue at the molecular-level for determination
of disease induced changes (Ali et al., 2018; Tidy et al., 2017; Tiirker et al.,
2014a;b; Caine et al., 2012). In the current study, by performing FT-IR
spectroscopy we could simultaneously obtain data about biophysical
parameters such as protein and lipid amount, lipid fluidity, lipid order and
membrane packing. Additionally, Bradford test and thiobarbituric acid
reactive substances (TBARs) assays were included in the study to confirm
spectral data.

2. Material and Methods

2.1.Animal Experiments

Animal experiments were carried out according to the European
Community Council Directive of 24 November 1986 and all procedures were
approved by the local animal welfare authorities (KOU HADYEK 1/6 -
2018). The new born WAG/Rij male rats used in the study were divided into
two groups as control (WAG/RIj) (n=6) and caffeine (WAG/Rij + CAF)
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(n=6) groups. All pups in WAG/Rij + CAF group were injected with 20
mg/kg (i.p.) between P7-P11, while WAG/RIj group received saline solution.
At the end of the 22nd day, all pups were kept away from the mothers and
placed in separate cages. Animals were allowed free intake of food in room
temperature during a light/dark period. After 6 months, the rats were
decapitated under deep ether anesthesia, and their brains removed to dissect
out cerebellum region. The obtained tissues were kept in a deep freezer at -
80 ° C until biophysical and biochemical analysis.

2.2. Spectroscopic Studies

Cerebellum brain regions were dried for 24 hours to remove water from
the tissues using Freeze Dryer. The tissues were ground to obtain powder,
and tissue powder was mixed with potassium bromide (KBr). The mixture
was kept at a pressure of 100 kg/cm? for 5 minutes in a hydraulic press to
obtain pellet. Spectral acquisitions of KBr pellets were performed with a
Perkin Elmer Spectrum One FT-IR spectrometer equipped with a MIR
DTGS detector in the 4000-1000 cm™ wavenumber range and 4 cm™
resolution. Three different pellets were prepared from each cerebellum and
were scanned. The average spectra of three replicates giving identical spectra
represented one cerebellum were used in spectral analysis as in previous
studies (Tirker et al., 2014a;b).

Perkin Elmer Spectrum One Software was used to analyse spectra. Band
positions (wave number) values were calculated by taking  80% of the
peak height. The bandwidth was calculated by converting cm unit obtained
from 80% of the peak height to cm™. Baseline correction was applied
according to 4000, 2000, 900 cm™ points. Later, the band area values were
calculated as related to the baseline, which involve the maximum peak height
(Turker-Kaya et al., 2016). Moreover, the lipid / protein ratio was calculated
by dividing the sum of the CH, asymmetric and symmetric stretching (2924
cm™-2851 cm™) bands to the total areas of the protein modes (1645 cm™-
1547 cm™®).

2.3. Biochemical Assays

The assays were performed according to the instructions provided in
Pierce Coomassie (Bradford) Protein Assay Kit (Thermo Scientific, USA)
and TBARs Assay Kit (Cayman, USA).

2.4. Statistical Analysis

The results were expressed as ‘mean + standard deviation’. All data were
evaluated statistically using ANOVA test. A ‘p’ value less than or equal to
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0.05 was considered as statistically significant. The degree of significance
was denoted as less than or equal to p<0.05* and p<0.001%**,

3. Results and Discussion

FT-IR spectra obtained from cerebellum samples for WAG/RIj and
WAG/Rij+CAF groups is shown in Figure 1. As illustrated the figure, the
spectra of cerebellum is complex containing many bands, and the spectral
assigments of the modes are represented in Table 1.

It is very well-known that brain is highly enriched in lipid contents with
accounting for 50-60% of its dry weight (Aureli et al., 2015; Luchtman and
Song, 2013). Such lipid molecules including sphingolipids,
glycerophospholipids, cholesterol (Zhang and Liu, 2015) and fatty acids are
involved in a variety of cellular processes of the brain. Therefore, any
disruption in lipid metabolism has been linked with different neurological
disorders (Schmitt et al., 2014; Adibhatla and Hatcher, 2008). Taking the
importance of lipids into account we investigated the alterations in cerebral
lipids such as unsaturated, saturated, cholesterol and phospholipids upon
caffeine treatment.

Table 1. General band assignment of the infrared spectral bands analyzed in
the study.

Band Spectral Band Assignment

3012  Olefinic HC=CH stretching: unsaturated lipid

2925  CH, asymmetric stretching: mainly lipid, little contrubiton
of protein, carbohydrate, nucleic acid

2852  CH, simetrik stretching: mainly lipid, little contrubiton of
protein, carbohydrate, nucleic acid

1740 C = O stretching: phospholipid, cholesterol ester,
triglyceride

1645  Amid I ( C=0 stretching ): protein
1545  Amid Il ( C=N ve N-H stretching ): protein
1230 PO’ asimetrik stretching: phospholipid, nucleic acid

In the frequency range of 3050-2800 cm™ in a spectrum of cerebellum
the first mode at 3012 cm™ is named as olefinic HC=CH band arising from
unsaturated lipids and/or lipid peroxidation end products (Turker-Kaya et
al., 2014a;b). Therefore, the area and absorption value of this band is used as
the lipid peroxidation index (Severcan et al., 2005). As shown in Figure 1
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and Table 2, there is a significant (p<0.05*) decrease in the area of this
absorption in WAG/RIij+CAF compared to WAG/RIj. This decrement may
be due to a reduction in amount of unsaturated lipids or a decrease in lipid
peroxidation products. To confirm this, we also performed TBARS assay
(Table 2) and obtained dramatic (p<0.001**) decline in WAG/Rij+CAF
group. Such finding might be resulted from act of caffeine as inhibitor of
lipid peroxidation (Endesfelder et al., 2019; Devasagayam et al., 1996)
related with its neuroprotector role against epileptic seizures.

Regarding the change in unsaturated lipids the increase in saturated lipids
is expected. The area values of the CH, asymmetric (2925 cm™) and
symmetric (2850 cm™) stretching bands originating from the acyl chains of
lipids provide information about the saturated lipid amount (Liyanage et al.,
2018; Turker et al., 2016). In both bands, a significant (p<0.05*) increase
was obtained in the caffeine-administered group when compared to
WAG/RIij group. This increase in saturated lipids may be an indicator of high
level of saturated lipids (Turker et al., 2014a; Szalontai et al., 2000). The
increment in saturated lipids might be resulted from a decrease in unsaturated
lipids as obtained from the olefinic mode. This data is in accordance with the
study in which an elevated level of fatty acids in cerebellum upon chronic
caffeine application to newborn rats has been shown by Yazdani et al (2004).

3100 300 =m0 250 o 20 =0 290 B0 Z0 2100 200 1800 180 pru 16500 150 1400 pE 1] 120
Vianerumbers [Yar]

Figure 1. Average FT-IR spectra of WAG/RIij (blue) and WAG/Rij + CAF
(red) group in the range of 3100-1200 cm™
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Table 2. Numerical values of some spectral parameters of WAG/Rij and
WAG/RIij+CAF groups. Significance was denoted by asterisk.

WAG/RIj WAG/RIj+CAF
Peak Areas
Olefinic 3.30+0.017 2.01+0.081*
CH, asym 427+ 0.542 5.94+0.260*
CH, sym 8.21+0.470 10.3+0.823*
Cc=0 3.46+0.371 2.59+ 0.367*
PO, asym 4,88+ 0.543 3.79+0.215*
Amid | 11.48+0.368 8.45+ 1.04*
Amid 11 8.01+0.059 6.48+ 0.529*
lipid/protein 0.90+0.079 1.21£0.18*
Wavenumber Values
CH, asym 2927.01+0.582 2925.11+0.471*
CH, sym 2851.56+0.813 2850.67+0.139*
Cc=0 1740.92+0.745 1738.02+0.168*
PO, asym 1236.28+0.379 1234.184+0.225%*
Bandwidth
CH, asym 22.02+ 0.209 23.16+£0.097*
CH, sym 9.86+ 1.481 11.71+£0.116*
Bradford

34.28+1.752 31.26+ 1.483*

TBARs

2.01+0.147 1.83£0.156**

The C = O stretching (1745 cm™) band is formed mainly due to the
carbonyl extensions of the glycerol skeletons of triacylglycerols, cholesterol
ester and phospholipids (Grace et al., 2019; Sivakumar et al., 2014; Tiirker et
al., 2014a;b). Although triacylglycerols are one of the most important
molecules contributing to the C = O band, their contribution this band is
insignificant due to its presence in brain tissue at very low level. As
illustrated in Table 2 and Figure 1, it was found that caffeine treatment
significantly (p<0.05*) decreased the area of the C = O band. In accordance
with this finding it has been shown that after neonatal caffeine exposure to
rats, cholesterol content lowered in hippocampus and medulla oblongata
(Yazdani et al., 1990; 1988). Such decline might be resulted from inhibition
of cholesterol synthesis as suggested by the same authors. Moreover, it is
known that the majority of cholesterol (~70%) in central nervous system is
found in myelin sheath (Dietschy, 2009). As reported by Fuller and Wiggins
(1981) postnatal myelination was depressed by caffeine administration.
Thus, the related lower amount of cholesterol because of reduced myelin
sheath by caffeine is expected. Additionally, lipid peroxidation, which causes
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the breakdown of long chains of lipids, often accompanies the formation of a
wide variety of degradation products from aldehydes, shorter chain lipids,
and carbonyl compounds, including lipids (Alugoju et al., 2019). These
products containing C=0 groups may have a contribution to the C = O band,
thereby increasing the area of the C=0 absorption. However, in our case, we
found a decrease in lipid peroxidation obtained from the olefinic band area
and TBARs test, therefore, decreased amount of lipid peroxidation end
products might be reflected as a decline in the area of C=O mode. On the
other hand, membrane phospholipids have also contribution to this mode.
Indeed, this mode is also assigned to the glycerol backbone near the head
group of phospholipids in interfacial region (Tiirker et al., 2014a;b). So, the
obtained decline in this vibration might be also related with a decrease in
membrane phospholipids. The same trend was also obtained from the
decrement in the area of the PO, asymmetric stretching (1235 cm™), which
is arisen from to the phosphate the head group of membrane lipids (Akkas et
al., 2007).

It is worth mentioning that FT-IR spectroscopy suffers from giving
information about specific molecules in biological samples. Therefore, the
data obtained from proteins in samples such as cerebellum presented here
offer data about whole protein profile (Turker-Kaya et al., 2016). Proteins
are molecular machines that control many of the basic cellular functions such
as molecular recognition, enzymatic activities, ionic transport and signal
transduction in living organisms (Babu et al., 2019). Thus, the investigation
of the changes in proteins would be beneficial to get idea about the caffeine
effects in brain. The Amide | (1645 cm™) and Amide 11 (1540 cm™) bands
correspond to the vibrations of proteins. While the amide | band is
characterized by vibrations of C = O proteins. Amide Il band is characterized
by N-H bending and C-N stretching vibrations of proteins (Alugoju et al.,
2019; Bozkurt et al., 2012). In the band areas of the mentioned bands, a
significant (p<0.05) decrease was observed in WAG/Rij + CAF group. Such
result was also supported by Bradford test (Table 1). This reduction in
protein content might be associated with a reduction in synthesis and/or
production of adenosine Al receptor as suggested by Fa-Lin et al (2015) and
Geiger et al (1984). On the contrary, it has reported that a caffeine-
supplemented diet (20% protein + 1 mg/100 g body weight caffeine) was
given to rats from PO to P43 led to an increment in amount of protein of the
cerebellum (Yazdani et al., 1988). The reason for the contradictory between
this finding and our data may be related to the administrated caffeine dose
and duration, which was very lower amount and longer period that that of
our case. Furthermore, since the amide | and amide Il bands rely on the
structural composition of proteins, the changes in the areas of these bands
indicate that there are some differences in the structure of the proteins
(Cakmak et al., 2011; Dogan et al., 2007). Because these absorptions are the
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sum of sub-bands belonging to secondary structural elements of proteins
such as alpha helix, beta sheet and random coil (Turker-Kaya et al., 2016;
Turker et al., 2014a). According to the literature, caffeine can create a
protective effect on protein chains, interrupting the citric acid-mediated
cross-linking of proteins due to its hydrophobic interaction with apolar
amino acids (Zand-Rajabi and Madadlou, 2016). In this case, it can cause
changes in protein structures. As a result, the decrease in protein in the
cerebellum might indicate some alterations in the structure and amount of
proteins.

The frequency values of the CH, asymmetric (2925 cm™) and the CH,
symmetric (2850 cm™) stretching modes are related with the lipid acyl chain
flexibity (order / disorder of lipids) (Sivakumar et al., 2012; Turker et al.,
2014a). They are used to monitor the trans/gauche isomerization in the
system. In detail, if the frequency values of the CH, asymmetric and
symmetric bands shift to higher values, the higher acyl chain flexibility, i.e.
the disorder condition of the lipids is the conformationally higher gauche
number (Cakmak et al., 2011; Akkas et al., 2007). As demonstrated Figure 1
and Table 2, a significant (p<0.05) shifting in such modes for WAG/Rij +
CAF group may suggest high degree of gauche conformers, which results in
disordered membrane system (Turker et al., 2014b; Akkas et al., 2007).
These changes in conformation of fatty acyl chains also reflect the alterations
in packing of hydrophobic part of membrane structure (Tiirker et al., 2014b).
In addition to that, the packing degree of hydrophilic part of membrane
phospholipids is obtained from the changes in the frequencies of the C = O
and the PO, asymmetric stretching (Turker et al., 2014b; Carmona et al.,
2008). According to our results, in caffeine administrated group a significant
(p<0.05) increase in both the C = O and the PO, asymmetric stretching
means a decrease in the hydration status of the glycerol backbone of
membrane phospholipids close to the polar region and phosphate head
groups of the membrane lipids, respectively (Turker et al., 2014a; Akkas et
al., 2007). Such alterations in polar region of membrane lipids may reflect
changed lipid packaging. All variations in lipid packing including
hydrophilic and hydrophobic environment of membrane lipids may alter
connection of protein components with hydrophobic and hydrophilic
residues, thus enabling proteins to be embedded in the membrane (Do et al.,
2017; Turker-Kaya et al., 2014a).

Bandwidth values of the CH, asymmetric (2925 cm™) and symmetric
(2850 cm™) stretching modes also provide information about the membrane
dynamics/fluidity (Alugoju et al., 2019; Turker-Kaya et al., 2018). When
compared to WAG/RIj group, there is a significant (p<0.001) increase in
bandwidth values of these modes for WAG/Rij + CAF, which suggest that
with caffeine treatment lipid dynamics is elevated. Altered membrane
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fluidity can lead to activity changes of membrane-bound enzymes, ion
channels, and receptors. The increase in membrane fluidity shows not only
lipid movements but also the free rotation of lipid acyl chains (Sivakumar et
al., 2014; Bozkurt et al., 2010). The difference in membrane fluidity may
encounter dysfunction of glucose transporters in the blood-brain barrier, with
changes in the packaging of membrane phospholipids as obtained from the
frequencies of the CH, asymmetric, the CH, symmetric, the C=0 and the
PO, asymmetric (van Vliet et al., 2015; Turker et al., 2014b).

Both lipid dynamics and lipid order are in relation with the amount of
proteins and lipids in the membranes (Szalontai et al., 2000). Using FT-IR
data, the lipid and protein ratio is obtained by taking the ratio of areas of
bands originating from lipids and proteins (Cakmak et al., 2011). We
obtained a significant (p <0.05) increment was observed in WAG/Rij + CAF
group. The increased lipid/protein ratio may be due to a decrease in protein
content and a increase in lipid content, or both events occurring at the same
time. This decrease can be attributed to protein breakdown and degradation.
The components that change the lipid/protein ratio together with the changes
in the chemical composition (lipid packing) of the membrane can cause a
dynamic imbalance by pulling the membrane connection with the
intracellular cytoskeletal elements. Such events may explain membrane
disruption and prove the loss of viability associated with a permanent loss of
membrane integrity (Turker-Kaya et al., 2014a).

4. Conclusion

According to the results of the present study, caffeine treatment in early
stages of life may cause significant alterations in biomolecules with related
parameters in cerebellum brain region. Particularly, when considering
biomolecules are major block of tissues, such observed changes might reflect
structural and functional changes in this brain region. Indeed, as stated in the
literature, neonatal caffeine application and cerebellum region may
separately contribute to the inhibition of absence seizures. All the findings
we obtained may be from biomolecular mechanisms under such action.
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1. Giris

Kara delikler veya notron yildizlari, uzay-zamanda yayilan yergekimi
dalgalar1 tretirler. Albert Einstein 1916'da Genel Gorelilik Teorisi ile
yercekimi dalgalar1 ve kara deliklerin varligini isaret etmistir. Kiitle-gekim
dalgalarinin  Biiyiik Patlama (Big Bang) anindan beri var oldugu
distiniilmektedir. Erken Evren donemi, Biyiikk Patlama’dan 380 000 yil
sonra olusur ve Erken Evren doneminde gokyiiziiniin mikrodalga arka
planinin olustugu tahmin edilmektedir. Big Bang'in kozmik arka plan
radyasyonu, Arno Penzias tarafindan, 1978 yilinda kesfedilmistir. Yergekimi
dalgalarmin ise Biiyiik Patlama’dan hemen sonra olustugu diisiiniilmektedir.
Kozmik mikrodalga arka plani, yergekimi dalgalari, kirmiziya kaymalar,
galaksilerin yasi, galaktik iistyapilarin diizeni, uzak galaksiler ve evrenin
kokeni gibi konular iizerine son donemde yogun arastirmalar yapilmaktadir.
Big Bang teorisi evrenin kokeni igin gecerli bir teori olarak ortaya
¢ikmaktadir.

Genel Gorelilik Teorisi’ne gore; kiitle, uzayr ve zamani biikmektedir.
Kiitle, (enerji), uzay-zaman egriligini olusturur. Bu durum, yay kuvvetinin,
yay deformasyonunu olusturmasina benzetilmektedir. Uzay-zaman esnek bir
ortamdir ve kiitle dagilimi asimetrik bir sekilde hareket ettiginde, uzay-
zaman girintileri yer¢ekimi dalgalarini iiretir.

Yercekimi dalgalari, elektromanyetik dalgalardan farkli 6zelliklere
sahiptirler. Elektromanyetik dalgalar, elektrik yiiklerinin hizlanmasiyla
olusurlar ve uzay-zamanda yayilirlar. Yercekimi dalgalari, kiitlelerin
hizlanmasiyla olusurlar ve uzayin dalgalaridir. Yercekimi dalgalari, bilgi
tastyicisidirlar ve su ana kadar olusan tiim yercekimi dalgalari, yok olmadan
uzayda dalgalanmaya devam etmektedirler [1].

Yildiz, hidrojen ve helyumdan olusan ve kendi yergekimi ile bir arada
tutulan bir gaz topudur. Genel bir gergevede, bir yildizin gegirebilecegi tim
asamalar, Sekil 1’de gosterilmistir [2]. Sekil 2’de ise bir yildizin kiitle
miktarina gore gegirebilecegi muhtemel iki asama gosterilmistir. Glinesin
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kiitlesine yakin kiitleye sahip bir yildiz, ilk yasam dongiisiiyle; cok daha
biiyiik kiitleye sahip yildiz ise ikinci dongii ile karsilagir [3].

Sekil 1: Bir yildizin gegirebilecegi tiim agamalar.
Life Cycle of a Star

® — s — .
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/ Average Dwar?
Red Giant Planetary Nebula
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Sekil 2: Bir yildizin kiitle miktarina gore gegirebilecegi muhtemel iki agama.
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Bulutsu (nebula), hidrojen ve gazdan olusan ve yercekimi kuvveti ile
yavasca ¢okmeye baslayan oldukg¢a yogun bir buluttur. Yercekimi etkisi ile,
bulutsu daha da kiigiiliir. Bulutsu, bir yildizin yasam dongiisiiniin ilk
asamasidir. Bulutsu ¢oktiikge, pargaciklar yakinlagir ve siirtinme olusur.
Siirtlinme, 1smin artmasini saglar. Artan 1s1, bulutsunun ¢okiisiini yavaslatir
ve yer¢ekimine karsi basing olusturur. Basing artisi, yildiz olusumunun
sonraki agamasina yol agar.

Bir onyildiz (prostar), bir yildiz olusumunda ikinci asamadir. Bir
protostar, sicak bir gaz bulutudur. Ancak yildiz degildir. Yergekimi etkisi ile
bir bulutsunun tozunun ve gazinin yigilma denilen siirecte bir araya
toplanmast ile protostar olusumu baslar. Prostar g¢ekirdegindeki basing,
yercekimi basincina karsi yeterince giiglii degildir. Yergekimi, prostarin
kiigiilmesini ve 1smnmasii saglar. Prostarin ¢ekirdegi kritik bir sicakliga
ulastiginda, niikleer flizyon baslar ve bir yildiz dogar. Ancak kritik sicakliga
ulagilmaz ise, kahverengi ciice veya Oli yildiz olarak yasami sona erer.
Niikleer flizyon, hidrojen atomlarinin, helyum ¢ekirdeklerini olusturmasi ile
meydana gelir. Helyum c¢ekirdekleri, enerji ve 1s1 yayarlar. Bu da yildiz1
besleyen giictiir.

Bir yildizin yasam dongiisiiniin Gi¢lincii asamasi, kirmizi bir dev yildizdir.
Yildizin merkezindeki hidrojen yakitmin tiikenmesi ile, yildizin kabugu
atmosfere dogru hareket eder. Yildiz hizla genisler, sogur ve daha kirmizi
olur. Boylece yildizin atmosferi biiyiir. Yergekimi nedeniyle merkezindeki
sicaklik ve basing artar ve ¢ekirdegi kiigiiliir [3].

Nebulanin [4], prostarin [5], kahverengi ciicenin [6] ve kirmiz1 devin [7]
goriintiileri, sirastyla Sekil 3, Sekil 4, Sekil 5 ve Sekil 6’da gosterilmektedir.

Sekil 3: Nebula.
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Sekil 4: Prostar.

Sekil 5: Kahverengi ciice.
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Sekil 6: Kirmizi dev.

Bir yildizin sonraki agamasi, biiyiikliigiine gore iki durum gdosterir: Biiyiik
bir yildiz ise, bir siipernova olusur. Eger kiigiik bir yildiz ise, gezegenimsi
bulutsu olarak yoluna devam eder [3]. Niikleer yakiti1 biten ve Omriiniin
sonuna gelen yildizin patlamasma siipernova adi verilir. Yercekiminin ice
dogru basmcmdan dolayi, dis katmanlar cekirdege dogru cokerler. Bu
durum, niikleer bir patlamaya neden olur. Yildizin geri kalani, bir nétron
yildiz1 veya kara deliktir. Bir y1ldizin yasaminin sona erdigi diger bir agama
ise, gezegenimsi bulutsudur. Yanacak yakiti biten yildiz, dis katmanlarin
havaya ugurur ve sadece ¢ekirdegi kalir. Bu evre beyaz ciice evresidir. Beyaz
clice, yliksek oranda sikistirilmig karbon ve oksijenden olusur; ¢cok yogundur
ve kiitlesi Giines’in kiitlesine yakindir. Yildizlarm kiitlelerine gore olusan
ndtron yildizy, kara delik ve beyaz ciice kompakt nesneler, Sekil 7’de
gosterilmektedir.

Beyaz ciiceler, notron yildizlar1 ve kara delikler, yildizlarin niikleer
yakitlarinm ¢ogu tiiketildiginde dogan kompakt nesnelerdir. Normal yildizlar
oldiigiinde olusurlar. Olii yildizlar olarak adlandirilirlar. Kompakt nesneler,
normal yildizlardan farklidir. Niikleer yakit yakmazlar. Bu yiizden yer¢ekimi
¢Okmesine karsi termal basing olusturamazlar. Termal basing yerine, beyaz
clicelerde dejenere elektron basinct olusur. Noétron yildizlarda dejenere
ndtron basinci olusur. Kara deliklerde ise yergekimine karsi koyacak bir
basmng yoktur. Bu nedenle tekilliklere c¢okerler ve tamamen ¢Okmiis
yildizlardir. Yildiz evriminin son asamasini temsil ederler. Kompakt
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nesneler, normal yildizlara oranla ¢ok kiigiiktiirler. Bazi astronomik
nesnelerin yogunluklar1 ve yarigaplari Sekil 8’de gdsterilmistir.

Stars with 4 8 times the

Stars around the same mass of the Sun

mass as the Sun

Sekil 7: Kompakt nesneler.

Beyaz ciicelerin, M <4 Mg (Mg: Giines Kiitlesi) kiitleli hafif
yildizlardan geldigine inanilmaktadir. Beyaz ciiceler i¢in maksimum kiitle
limiti Chandrasekhar limitidir ve bu limit yaklasik 1,4 Mg degerindedir.
Notron yildizlarin ve kara deliklerin daha biiyiik kiitleli yildizlardan
kaynaklandig1 diisiinilmektedir. Notron yildizlari 1,4-3Mg araliginda bir
kiitleye sahiptir. Dolayisiyla M = 4 Mg kiitleli bir yildizn sonunun ne
olacagi ise belirsizdir.

Stiper kiitleli yildizlarm kiitleleri, 10°-10° Mg arahigmdadir. Siiper kiitleli
kara deliklerin kiitlelerinin ise 10°-10° Mg arasinda oldugu diisiiniilmektedir.
Stiper kiitleli kara deliklerin atalarinmn siiper kiitleli yildizlar oldugu
varsaytlmaktadir [7].

Siipernovalar, spektrumlarmda hidrojen hatlarmin var olup olmamasma
gore gore iki tiptedir [7-9]. Tip I slipernova spektrumlarmda hidrojen yoktur.
Tip II siipernovada spektral hidrojen ¢izgileri vardir. Tip Ia siipernova, beyaz
ciicenin olusumunda aktiftir. Tip II siipernova bir nétron yildiz1 veya kara
delik seklinde kompakt bir yildiz kalintis1 birakan biiytik kiitleli bir yildizin
cekirdeginin ¢okmesinden kaynaklanir [10]. Diger siipernovalar da Ia, Ib, Ic,
I1-P, II-L, 1Ib ve IIn olarak alt gruplara ayrilir [8-11]. Yiksek ve diisiik
kiitleli y1ldizlarin evriminde etkili olan siipernova patlamalarinm tiirleri Sekil
9’da gosterilmektedir [12].
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Sekil 8: Baz1 astronomik nesnelerin yogunluklar1 ve yarigaplari.
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Sekil 9: Siipernova patlamalari.
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2. Kara Delikler

Kara delikler ilk olarak 1783 yilinda John Michell tarafindan ortaya
atilmigtir [13]. 1967 yilinda John Wheeler tarafindan ilk defa telaffuz
edilmigtir. Kara deliklerin merkezinde sonsuz kiigiik, sonsuz yogun ve tiim
kiitlenin oldugu bir tekillik, yani tek bir nokta vardir. Normal fizik kurallar1
kara delikler i¢cin gegerli degildir. Kara delik merkezinde yergekimi ¢ok
gliclidiir. Bu bolgede yercekiminin etkisi ile ¢oken cisimler toplanir.
Soguma ve biiziilme etkisiyle olusan ¢okiis kara delikleri olusturur.
Elektromanyetik radyasyonlar, kara delikler tarafindan sogurulur. Uzay-
zamandaki dipsiz bir kuyu olarak tanimlanabilirler [14].

Karadelikler; dis olay ufku, i¢ olay ufku ve tekillik olmak tizere iig
parcada incelenir. Kara deligin agzmnin etrafindaki sinir, bir kara deligin olay
ufkudur. Bir pargacik veya 151 olay ufkunu gegtiginde ayrilamaz. Yergekimi
olay ufku boyunca sabittir. Bir kara deligin kiitlesinin bulundugu i¢ bolgesi,
kara deligin kiitlesinin yogunlastig: tekilligi olarak bilinir [15].

Yildizin kiitlesi, 3-4 giines kiitlesini astiginda, c¢ekirdek tamamen
yercekimsel bir tekillige ¢okerek kara deligi olusturur. Karadelikler,
cisimlere veya 1sinlara uyguladiklar1 yergekimi etkisiyle tespit edilebilirler.
Dogrudan tespitleri imkansizdir. Samanyolunun merkezinde, Giines
kiitlesinin yaklagik 2-4 milyon kat1 kiitleye sahip olan ve Sagittarius A*
olarak bilinen siiper kiitleli bir kara delik vardir. Sagittarius A*, saatte
milyonlarca kilometre hiza sahiptir. Samanyolu galaksisinde, bir ¢ok kara
delik vardir. Siiper kiitleli kara delikler, galaksi merkezlerinde gizlenirler.
Galaksiler, bu kara deliklerin etrafinda donerler.

Kompakt yildizlarin, yergekiminin etkisiyle, ortamdaki maddeleri
yakalamast olayina yigilma adi verilir [7]. Bir kara deligin yaratilmasindan
sonra, ¢oken yildizmn 1sis1 ve giiclendirilmis manyetik alani, birgok parcacik
ve enerjiyi, 151k hizma yakimn hizlar ile kara delikten uzaga gonderirler. Bu
yogun enerjili 151 dalgalari, gama 1smi1 patlamasi veya hipernova olay1
olarak bilinen, gama i1smnlarinin yayilmasina neden olur. Bu durumda, 9
milyar 151kyili uzakliktaki galaksilerdeki bir siipernova veya hipernova igin,
‘9 milyar yil 6nce olugmustur’” demek uygun olur [14].

Cekirdeginin donmedigi ve sadece tekillige ve olay ufkuna sahip olan
kara delik tiirli, Schwarzschild karadeligidir. Schwarzschild karadeligi
donmeyen ve yiiklii olmayan kara delik olarak bilinir. Dénmeyen yiiklii kara
delikler Reissner-Nordstrom karadeligidir. Reissner-Nordstrom metrigi ile
tanimlanir. Yiksiiz donen bir kara delik, Kerr karadeligidir. Kerr metrigi ile
tanimlanir. Hem yiiklii hem de donen bir kara delik, Kerr-Newman
karadeligidir. Kerr-Newman metrigi ile tanimlanir [16].
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Genel gorelilige gore; bir kara deligin merkezinde, uzay-zaman
egriliginin sonsuz oldugu yercekimi tekilligi bulunur. Tekil bdlge hacmi
sifirdir. Kara deligin tiim kiitlesi, bu bolgededir ve sonsuz bir yogunluga
sahiptir [17,18].

Hareket halinde bir uzay-zaman bolgesi, donen kara bir deligin etrafinda
bulunur. Bu bolgeye ergosfer adi verilir. Bu bolgedeki uzay-zaman, isik
hizindan daha hizl siiriikklenmektedir.

Bir kara delik, iginden hi¢ bir seyin kagamadigi olay ufku ile
sinirlandiridmistir. Kara delige diismeyen gaz, toz ve yildiz dokiintiileri gibi
maddeler, olay ufkunun etrafinda diizlestirilmis dénen madde bandi
olusturur. Buna yigilma diski adi verilir. Donen pargaciklar, kara deligin
yercekimi tarafindan ¢ok yiiksek hizlar ile hizlandirilirlar. Bu hizdaki
cisimler; 1s1, X-1g11 ve gama 1sin1 yayarlar [14]. Bir kara deligin olay ufku,
yigilma diski ve gama 1smi jetleri Sekil 10°da gosterilmektedir [19].
Toplanma disklerine, kuasar veya yar1 yildiz radyo kaynaklar1 da
denilmektedir.

A -
Magnetic L

field lines

Accretion disk

Sekil 10: Kara deligin olay utku, yigilma diski ve gama 151 jetleri.

Genel gorelilik teorisi gergekte bir tekilligin varligin1 kabul etmez.
Kuantum yerg¢ekiminin ileriki teorilerinde, kara deliklerin tekillikler olmadan
aciklanacagi diistincesi vardir [14]. Kara delikler olarak bilinen tekillik, Karl
Schwarzschild tarafindan 1916 yilinda kesfedilmistir [13,14]. Bir kara delik
icindeki yercekimi tekilligi Sekil 11°de gosterilmektedir [14]. Kara deligin,
beyaz ciicenin, notron yildizinin ve Giines’in uzay-zaman egrileri Sekil
12°de gosterilmistir [13].

197


javascript:openImageWindow('images/blackholes_accretion.jpg','Event horizon and accretion disk of a black hole')

INSAC Academic Studies on Natural and Engineering Sciences Chapter 11

: Black hole

Singularity

Sekil 11: Bir kara delik i¢indeki kiitlegekimsel tekillik.

Neutron
Star

"’/

Sekil 12: Kara deligin, beyaz ciicenin, ndtron yildizinin ve Giines'in uzay-
zaman egrileri.

Uzay-zamanin, uzayin farkli bolgeleri arasmda bir solucan deligi
olusturabilecegi fikri, 1988 yilinda Kip Thorne tarafindan ortaya atilmistir.
Kip Thorne, bir solucan deliginin Evren’in iki farkli pargasi birbirine
baglayabilecegini dngérmektedir [20]. Beyaz delik adi verilen bir cismin
olabilecegi, 1916 yilinda Ludwig Flamm tarafindan ortaya atimistir. Bir
kara deligin teorik olarak ters ¢evrilmesi ile beyaz delik olusur. Kara delik,
olay utkunu gecen bir maddeyi ¢eken bir bosluk gibi davranir. Beyaz delik,
maddeyi olay ufkundan ¢ikaran bir kaynak olarak hareket eder. Bazi
arastirmacilar tiim kara deliklerin diger tarafinda bir beyaz delik oldugunu
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iddia ederler. Big Bang’in de bdyle bir durumdan dolayi ortaya g¢iktigi
diistiniilmektedir. Flamm, uzay-zamanin iki farkli bolgesinin uzay-zaman
kanaliyla matematiksel olarak baglanabilecegini ileri siirmiistiir. Teorik
olarak kara delik girisi ve beyaz delik ¢ikismnin tamamen farkli olabilecegini
ongormiistiir. Einstein bu fikirleri, 1935'te Nathan Rosen ile birlikte ¢6ziime
ulastrmigtir. Bu ¢6ziim, Einstein-Rosen kopriisii, Lorentzian solucan deligi
veya Schwarzschild solucan deligi olarak bilinir. Kozmik sicimler, negatif
madde veya negatif enerjiye sahip bir egzotik madde, solucan deliginin
kapanmasini onlemek igin ileri siiriilen disiincelerdir. Farkli Evren’lerin
birbirine baglanmasi veya Evren parcalarmin birbirine baglanmasi fikri ise
¢ok gecerli bir fikir degildir. Solucan delikleri, Albert Einstein’in Genel
Gorelilik Kurami'nin denklemlerini desteklemektedir. Bir solucan deligi,
Sekil 13’te gosterilmistir [21].

NEGATIVE
ENERGY

Sekil 13: Bir solucan deligi.

Big Bang teorisi, ilk olarak Lemaitre [22] tarafindan onerilmektedir. Big
Bang matematiksel olarak belirsiz bir durumdur. Ciinkii, sonsuz yogunluk ve
sonsuz enerji i¢eren sifir hacimli bir tekillik durumu matematiksel olarak
gegerli  degildir [23]. Big Bang'in kalintis1 olarak kabul edilen kozmik
mikrodalga arka plan radyasyonuna dayanarak, Ulusal (Amerika) Havacilik
ve Uzay Dairesi (NASA), Evren’in yasin1 13,7 milyar yil olarak tespit
etmistir [24]. Avrupa Uzay Ajansi (ESA), NASA ve Japon Uzay Ajansi
(JAXA) tarafindan Evren’in geg¢misi hakkinda ¢esitli arastirmalar
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yapilmaktadir [20]. LIGO (Lazer interferometre ve Yergekimi Dalgasi
Gozlemevi), GEO 600 (Alman-Ingiltere interferometre dedektorii), LISA
(NASA/ESA Isbirlik¢i Lazer Interferometre Uzay Anteni) ve VIRGO
(italyan Basak interferometresi) tarafindan yergekimi dalgalari hakkinda
¢aligmalar yapilmaktadir [25].

Uzaktaki bir gdzlemciye gore, bir kara deligin yakmindaki saatler, kara
delikten uzakta olanlara gore daha yavas calisiyormus gibi goriiniir. Bu etki
“yergekimi zaman genislemesi’’ olarak bilinir. Zaman genislemesi
nedeniyle, karadelige diisen bir nesne, olay ufkuna yaklastikca
yavasliyormus gibi goriiniir. Karadelige ulagsmasi sonsuz bir zaman alir [17].
Bu durum, nesne tarafindan yayilan herhangi bir 1s1gin daha kirmizi ve daha
soniik goriinmesine neden olur. Buna *‘kiitlecekimsel kirmiziya kayma’’ ad1
verilir ve Evren’in genislemesi anlamma gelir [26]. Diinya’dan en uzak
gokadalar, yakindakilerden ¢ok daha hizli uzaklasir. Uzak galaksi bizden
uzaklastikca, yaydigi 1s1¢m dalga boyu uzayarak elektromanyetik
spektrumun kizilotesi kismina dogru yani kirmiziya dogru kayar. Goriiniir
veya mordtesi 151k yayan uzak bir galaksinin 15181, Diinya’ya ulastiginda
kizilotesi goriiniir. Bu 151k sayesinde, Evren’deki ilk nesnelerin nasil ve ne
zaman olustugu hakkinda cesitli bilgiler elde edilir [27].

Kara delikler, sadece yer¢ekimi ¢okiisii ile degil; ayn1 zamanda, yeterli
yogunluga ulasan yiiksek enerjili ¢arpigmalarla da olusabilmektedirler [28].

Schwarzschild yaricapmin smirindaki tekillikte zaman durur. Bu nedenle,
¢oken yildizlara donmus yildizlar da denir [29]. Dénmeyen kara delikte
Schwarzschild yarigapinin gosterimi Sekil 14°te verilmistir.

Event
<« Horizon

“Singularity

| |
T
Schwarzschild radius

2CM
R—-?

Sekil 14: Donmeyen kara delikte Schwarzschild yaricapi.

Sekil 15, kozmik nesnelerin rolatif kiitlelerini gostermektedir [30].
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Sekil 15:Kozmik nesnelerin rolatif kiitleleri.

2.1. Yildiz Kiitleli Kara Delikler

Bir yildiz son yakitin1 yaktiginda ¢okerek bir siipernova patlamasina
neden olur ve kendi i¢ine ¢okebilir. Giines’in kiitlesinin yaklagik ii¢ katina
sahip olan daha kiiciik yildizlar i¢in yeni ¢ekirdek, bir nétron yildiz1 veya bir
beyaz ciicedir. Bununla birlikte, kiitlesi, Giines’in kiitlesinin bes ile 10 kat1
arasinda olan yildizlar ¢oktiiglinde, bir yildiz kara delik olusur [31]. Bu kara
deliklere, Kerr kara delikleri de denir. Yildiz kara delikler iceren yirmi X-
1sin1 ikili sistemi vardir. 11k y1ldiz kara delik olan LMC X-3 ve Cygnus X-1,
X-gmn1 ikili sistemine Ornek olarak verilebilir. Yidiz kara deliginin
etrafindaki bir yigilma diski, yakindaki bir yildizdan gaz c¢eker. Gaz, kara
delik tarafindan emildiginden; ¢ok yiiksek bir sicakliga ¢ikar ve bol miktarda
X-1ginlar1 yayilr [32]. Sekil 16, yildiz kiitleli bir kara deligi gostermektedir
[13].

Sekil 16: Yildiz kiitleli kara delik.
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2.2. Siiper Kiitleli Kara Delikler

Siiper kiitleli bir kara delik, biiyiik kiitleli gaz bulutlarinin ¢okiisiinden,
yildiz kara deligin milyonlarca yil boyunca ¢ok miktarda malzeme
tiiketmesinden veya yildiz karadelik kiimesinden dolay1 olusabilir. Siiper
kiitleli kara deligin kiitlesi, y1ldiz kara deligin kiitlesinden bir milyon ile bir
milyar kat daha fazladir. Siiper kiitleli kara deliklerin, biiyiikk galaksilerin
merkezinde oldugu tahmin edilmektedir [33]. Sekil 17, siiper kiitleli kara
deligi gostermektedir [13].

Sekil 17: Siiper kiitleli kara delik.

Schwarzschild yaricapma sahip stiper kiitleli kara deligin yogunlugu,
yildiz karadeligine gore daha azdir [34]. Samanyolu galaksimizin
merkezinde yaklasik 4,3 milyon giines kiitleli siiper kiitleli bir kara delik olan
Sagittarius A* tespit edilmistir [35].

Aktif galaktik ¢ekirdek, bir galaksinin merkezinde, ¢ok daha yiiksek
parlakliga sahip kompakt bir bolgedir. Aktif galaktik ¢ekirdek; radyo dalgasi,
mikrodalga, kizilétesi, optik, ultraviyole, X-1sin1 ve gama 1smi radyasyonu
yayar. Bir aktif galaktik ¢ekirdek barindiran galaksiye, aktif galaksi denir.
Yigilma diskleri yakminda zit yonlerde ikiz ¢ikis jetleri olusur [36]. Hem
aktif galaktik c¢ekirdekler hem de galaktik jetler, siiper kiitleli kara
deliklerden gii¢ almaktadirlar [33].

Gokadanin c¢ekirdegindeki siiper kiitleli kara delige, kuasar (yar1 yildiz
nesnesi) adi verilir. Kuasarlar, parlak radyo kaynaklar1 olan yildiz benzeri
aktif galaktik ¢ekirdegin bir ¢esididir [37]. Kuasarlar1 1963 yilinda Maarten
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Schmidt [38] kesfetmistir. Aktif galaktik ¢ekirdege sahip bir galaksinin i¢
yapist Sekil 18°de gosterilmektedir.

Inner Structure of an Active Galaxy

l—l Shock
0.1 lightyears

ey

Relativistic Jet

Supermassive
Black Hole

Accretion Disk

Opaque Torus
(Inner Regions)

Sekil 18: Aktif galaktik cekirdege sahip bir galaksinin i¢ yapisi.

Aktif galaktik cekirdek, radyo giiriiltiistiz ve radyo giiriiltiilii olarak iki
siifa ayrilmaktadir. Radyo giiriiltiilii nesneler, hem jetlerden hem de jetlerin
sigirdigi loblardan emisyon katkis1 saglarlar. Radyo giiriiltiisiiz nesnelerde ise
jetlerden gelebilecek emisyon ihmal edilebilir.

2.2.1. Radyo Giiriiltiisiiz Aktif Glaktik Cekirdek
Dort grupta incelenir:

1) Diisiik Iyonizasyonlu Niikleer Emisyon Hatt1 Bélgesi (LINER): Zayif
niikleer emisyon hatt1 bolgeleridir.

2) Seyfert Gokadalar1: Optik menzilli niikleer siireklilik emisyonu, giiclii
nikkleer X-151m1 emisyonu ve zayif bir radyo jeti gosterirler. Seyfert 1 ve 2
olarak iki ¢esidi vardir.

3) Radyo Giiriiltiisiiz Kuasarlar: Cok yliksek optik parlakliklara sahip yar1
yildiz yapisindadirlar. Yari yildiz nesne de denir.

4) Kuasar 2: Gugli optik niikleer siireklilik emisyonu veya genis hat
emisyonu olmayan nesnelerdir.
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2.2.2. Radyo Giiriiltiilii Aktif Glaktik Cekirdek
Ug grupta incelenir:

1) Radyo Giiriiltiilii Kuasarlar: Niikleer ve genisletilmis radyo emisyonu,
giiclii optik siirekli emisyon, giiglii niikkleer emisyon ve X-15mn1 emisyonu
gosterirler [36].

2) Blazarlar veya OVV Kuasarlari: Polarize optik, radyo ve X-igmi
emisyonu gosterirler. Genis veya dar optik emisyon ¢izgileri gostermez [39].

3) Radyo Galaksiler: Niikleer ve genisletilmis radyo emisyonu gosterir
[40].

Orta bilyiiklikkteki kara delikler, ¢ok yogun kiiresel yildiz kiimesinin
zincirleme reaksiyonu sonucu meydana belen ¢arpismalar ile olusabilir. Orta
biiyiikliikteki kara deliklerin birkagmin birlesmesi ile siiper kiitleli bir kara
delik olusabilir [15]. Orta kiitleli bir kara deligin kiitlesi, yaklasik 1000 tane
Giines kiitlesine esdegerdir [41].

3. Notron Yildizlan

1967 yilinda Jocelyn Bell tarafindan, pulsarlarin kesfedilmesi ile birlikte
ilk ndtron yildizinin da kesfi yapilmistir [42]. Bir yildizin siipernova
patlamas1 sonucu, 1,4 Mg degrinden daha biiyiik kiitleli bir yildizim, ige
dogru patlayan c¢ekirdegi; elektronlar, protonlar ve ndtronlari olusturarak
yer¢ekimi etkisi altinda bir nétron yildizi ortaya ¢ikarir. Dejenere madde gibi
davranan ndtron gazinin basinci, ¢okmeye karsi direng olusturur [43].
Subrahmanyan Chandrasekhar, 1,4 gilines kiitlesi olarak tanimladigi
Chandrasekhar smirinin tizerindeki bir yildizin, kendi yercekimi etkisi
altinda bir nétron yildizi olusturacagini ifade eder. Bir ndtron yildizinin
kiitlesi, Gilines kiitlesinin 1,4 ile 4 kat1 arasindadir [14]. Notronlar,
elektronlara gore daha az itilirler. Bu nedenle nétron yildizlarinin yarigaplari
daha kiigiiktiir ve uzay nesneleri i¢inde en yiiksek yogunluga sahiptirler [43].
Bir kiip seker biyiikligiindeki bir ndtron yildizinin Diinya’daki agirligi,
yaklasik yiiz milyon ton degerindedir [44]. Bir noétron yildiz1 iizerindeki
yercekimi kuvveti, Diinya’daki yercekimi kuvvetinden yaklasik olarak bir
milyon kat daha fazladir. Yer¢ekiminin ¢ok yiiksek olmasi nedeniyle, Sir
Isaac Newton’un Evrensel Yergekimi Yasast gecgersizdir ve Albert
Einstein’in Genel Gorelilik Teorisi etkin hale gelir. Notron yildizlart ¢ok
yiiksek hizda donerler [14] ve yercekimi dalgalar1 olustururlar. Olusan
yercekimi dalgalar1 LIGO-VIRGO gozlemi ile kaydedilir. Notron-yildiz
carpigmalari, Evren’deki altin, platin ve diger agir elementlerin kaynagidir.
Bir nétron yildizi, ¢cok giiclii bir manyetik alana sahiptir. Diinyanin manyetik
alant 1 gauss ve Giines’in manyetik alan1 birka¢ yliz gauss iken ndtron
yildizinin manyetik alani ise trilyon gauss civarindadir. N6tron yildizlarinin
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i¢ ¢ekirdeginin yapisi bilinmemektedir. Ancak dis cekirdegi, ¢ogunlukla
ndtronlar olmak {izere proton ve elektronlardan olusur. Atmosferi
hidrojenden olusur [13]. Bir ndtron yildiz1 Sekil 19°da gosterilmektedir [45].

Sekil 19: Bir nétron yildiz1.

Notron yildizlari, pulsarlar ve magnetarlar olmak tizere iki grupta
incelenirler.

3.1. Pulsarlar

Yiiksek derecede manyetize edilmis, hizli donen nétron yildizina pulsar
denir. Pulsarlar, iki manyetik kutup boyunca isik hizinda akan parcacik
jetlerini huni haline getiren ¢ok gii¢lii manyetik alanlara sahiptir. Isik hizinda
akan parcaciklar, ¢ok giiclii 151k huzmeleri iretirler [46] ve Diinya’nin
yanindan gecerken, bir deniz fenerinin ampulii gibi yanip sonerler. Bu
yilizden bunlara pulsar adi verilmistir. Normal pulsarlar saniyede 0,1 ile 60
kez donerken, milisaniyelik pulsarlar saniyede 700 kez donebilir [45].
Pulsarlar, uzaydaki olaylar1 ve yapilar1 6lgmek icin atomik saatler ve
samandiralar olarak kullanilir [47]. X-isin1 pulsarlari, bir materyal ile
etkileserek radyo, optik, X-ism1 veya gama 1smi iretirler. Gama 1sin1
pulsarlarindaki enerji transferi, yildizin doniisiinii yavaslatir [45]. Pulsarlar,
radyo teleskoplar: tarafindan izlenirler [47]. Pulsarlar birka¢ milyon yil
dondiikten sonra enerjilerini kaybederler ve normal notron yildizlar: haline
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gelirler. Notron yildizlarinin gok azi, pulsardir [44]. Sekil 20°de bir pulsar
gosterilmistir [48].

Sekil 20: Bir pulsar.

3.2. Magnetarlar

Diinya'nin manyetik alanmnin yiiz trilyon kat1 kadar bir manyetik alana
sahip olan ndtron yildizina magnetar ad1 verilir. Magnetarin manyetik alani,
normal bir nétron yildizinin bin kat1 kadardir. Magnetarlar, X-1s1m1 ve gama
g1 retirler [45]. On nétron yildizindan yaklagik bir tanesi magnetardir
[14].

Tim nétron yildizlarinda, yildizin kabugu manyetik alanla birbirine
baglidir ve kilitlidir. Bu yiizden kabuk biiyiik baski altinda kalir. Kabukta
olusan kiigiik bir hareket, patlamaya yol acar. Kabuk ve manyetik alanin
birbirine kilitli olmasi, bu patlamanin manyetik alan boyunca olmasini
saglar. Kabuktaki hareketler, magnetarm elektromanyetik radyasyon
yaymlamasina neden olur [46]. Bir magnetarin goriiniimii Sekil 21°de
gosterilmektedir [49].
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Sekil 21: Bir magnetar.

4. Beyaz Ciiceler (Dejenere Ciiceler)

Yildizlar belirli bir yasa geldiginde &liirler. Geride kalan kalintilar, biiytik
yildizlarin kalintilar1 ise, kara delik veya ndtron yildizina doniisiirler. Ancak,
kiigiik yildizlarin kalintilar1 ise beyaz ciiceye doniisiirler. Birgok beyaz ciice,
Giines’e benzer yildiz olarak dogmuslardir [50]. Giines birka¢ milyar yil
icinde beyaz bir ciice haline gelecektir. Beyaz ciicede ¢okmeye karsi,
elektron basinci etkendir. Beyaz ciicedeki yergekimi nedeniyle olusan
sikigmadan dolayi, elektronlar atom g¢ekirdeginden tamamen siyrilirlar ve
dejenere elektron gazi olusur. Elektron gazi, daha fazla sikigma karsi direnir
ve beyaz ciice ortaya ¢ikar [43]. Beyaz ciiceler, agir1 isitilmig gazlardan
olusurlar, niikkleer flizyon enerjisi yayarlar, hidrojeni helyuma cevirirler, 1s1
ve 151k iretirler. Sirius B, 1862°de kesfedilen ilk beyaz ciicedir [51]. Beyaz
cliceler, galaksinin her yerinde bulunurlar. Beyaz bir ciice, Sekil 22’de
gosterilmektedir [13].
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M~ 1.0 M,
R ~ 5800 km

V..~ 0.02¢c
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Sekil 22: Beyaz ciice.

Beyaz ciice yildizlar, Diinya ile ayni boyuttadirlar. Beyaz ciicenin
yiizeyindeki yergekimi, Diinya’nin yer¢ekiminden 100 000 kat fazladir [S1].
Beyaz ciicelerin tahmini kiitleleri 0,17 Mg [52] ile 1,4 Mgarasindadir [53].
Beyaz ciicelerin yarigaplari, yaklasik olarak Giines’in yaricapinimn % 0,8’1 ile
% 2’si civarindadir [54]. Diinya’nin yaricapt % 0,9 Gilines yaricapina esittir.
Diinya’nin yarigapinin, beyaz ciicenin yaricapina esit oldugu varsayilabilir.
Beyaz ciice, Giines’in hacminden bir milyon kat daha kiiciik bir hacme,
Giines’in kiitlesi kadar bir kiitleyi sigdirir. Beyaz ciicenin yogunlugu,
Gilines’in ortalama yogunlugundan 1 000 000 kat daha fazladir. Beyaz
clicenin yogunlugu, santimetrekiip basina yaklagik 1 tondur [55]. Beyaz
clicenin dejenere elektronlari, 1siy1 iyi iletir. Bu ylizden, yiizeyinin her
noktast hemen hemen ayni sicaklik degerindedir ve ¢ok sicaktir. Yiizey
sicakligi 8 000 K ile 16 000 K civarinda iken, ¢ekirdek sicakligi yaklagik 5
000 000 K ile 20 000 000 K arasndadir. Beyaz cilicenin dig katmanlarmin
opakligi, beyaz ciiceyi hizli bir sekilde sogumaktan korur [56].

Beyaz ciice, iki sekilde ortaya cikabilir: Birincisi, Giines benzeri bir
yildizin Tip Ia siipernova patlamasi ile bir beyaz ciice olusabilir. Ikincisinde
ise, kirmiz1 bir ciice, beyaz bir ciiceye doniisebilir [57]. Sekil 23, diisiik
kiitleli bir y1ldizin beyaz ciiceye doniisiimiinii gostermektedir [58].
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Life Cycle of a Low-Mass Star
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Sekil 23: Diisiik kiitleli bir yildizin beyaz ciiceye doniisiimii.

Kahverengi ciicelerden, ¢ok daha biiylik olan sar1 ciicelere kadar ¢ok
sayida ciice yildiz vardir. Bir yildizin rengi, sicakliginin bir gdstergesidir.
Soguyan yildizlar kahverengiden koyu kirmiziya kadar degisen renkte
olurlar. Sicak yildizlar, mavi-beyaz renktedirler [47]. Hidrojen yakit1 biten
disiik kiitleli bir yildiz, kisa bir siire i¢in mavi ciice olur [59]. Kahverengi
ciiceler zor bulunan yildizlardir ve yasamlarinin son asamasinda soguk ve
karanlik gaz toplar1 halinde olacaklardir. Radyo dalgasi yayarlar ve pulsarlar
gibi goriinebilirler [47]. Biiyiikliik olarak, gercek yildizlar ile gaz devi
gezegenler arasinda bir yere sahiptir. Jipiter ve Satiirn de bu gruptaki
gezegenlerdir. Kahverengi ciicenin, Giines, kirmizi ciice, Jipiter ve Diinya
ile Sekil 24°te karsilastirilmasi yapilmistir.

Sekil 24: Kahverengi ciicenin, Giines, kirmiz1 ciice, Jiipiter ve Diinya ile
karsilastiriimasi.

209



INSAC Academic Studies on Natural and Engineering Sciences Chapter 11

Kirmizi ciiceler, Giines’in kiitlesinin yarisi ile yaklasik 0,075’1 arasinda
bir kiitle degerine sahiptir. Kirmizt bir ciice, hidrojeni ¢ok uzun bir siire
igerisinde yakarak helyuma doniistiiriir ve beyaz ciice haline gelir. Beyaz
ciiceler, baska bir yildiz ile etkilesmedikge, trilyonlarca yil soguyarak siyah
ciiceler haline gelirler [57]. Kirmizi, turuncu ve sar1 ciice yildizlar,
etraflarinda giicli manyetik alanlar yaratirlar. Manyetik alan igerisindeki
pargaciklar, radyo dalgalar1 yayarlar. Bunlar, radyo teleskoplari ile
goriiliirler. Bir ciice yildizin g¢ekirdegi, hidrojen yakitini tiikettiginde, dis
atmosferi ¢okmeye baslar. Sikigma ile sicaklik artar ve hidrojen, helyuma
doniisiir. Hidrojenin helyuma doniistiigii flizyon reaksiyonu, enerjiyi yildizin
atmosferine gonderir ve atmosferi kaynatir. Kaynayan gaz, genisledikge
sogur. Yildiz genigler, siser ve Dopler etkisi altinda kirmizi renge doniisiir.
Sonugta sisen ciice yildiz, kirmizi bir dev halini alir. Giines’in kirmizi bir dev
haline geldiginde, Diinya’y1 yutacagi Ongoriilmektedir. Kirmizi dev
evresinde, kirmizi devin sicak ¢ekirdegi, helyum kiilleriyle kaplanr.
Cekirdeginin sicakligi, helyumu karbona doniistiiriir. Kirmiz1 dev, karbon
yaktig1 zaman ¢ok yiiksek enerji agiga ¢ikarir ve bu enerji ile helyumu
yakarak tekrar ¢oker. Bu durumda, sicak karbon ¢ekirdeginin iizerine bir
helyum tabakasi eklenir. Boylece yildizin atmosferindeki gazlar kaynama
derecesine gelir. Ciice yildizin kiitlesinin azalmasi nedeniyle; ciice yildiz,
artik karbon cekirdegini agir elementlere doniistiremez. Boylece c¢ekirdek
birlesmeyi durdurur [47] ve sogumaya baglar. Sogumanin etKisi ile helyum,
artik karbon ve oksijene doniisemez. Cekirdekteki tiim helyum
kaynastiginda, c¢ekirdek sicakligi, karbon veya oksijeni kaynastirmaya
yetmez ve cekirdek sertlesir. Bu asama, yildizin ikinci bir kirmizi dev
evresidir. Yildizin dig katmanlart ugar ve bu katmanlar, gezegen nebulasi
olugturur. Geride kalan, yogun karbon-oksijen ¢ekirdegidir. Karbon-oksijen
¢ekirdegi, beyaz ciicenin kalbidir [50]. Chandrasekhar kiitle sinirina yaklagan
bir karbon-oksijen beyaz ciice, tip la siipernova patlamasi gegirir. Tip la
siipernova patlamasi, karbon patlamasi olarak ta bilinir [55] ve helyum
birikimini saglar. Tip Ia siipernova patlamasi, beyaz ciiceyi yok edecek giicte
degildir. Beyaz ciicenin kiitlesinin ¢ok az bir kism1 disar1 gonderilir. Tip Ia
siipernova patlamasi, demir gibi agir elementlerin birikmesini de saglar [60].
Demir ¢ekirdekli beyaz ciiceler, karbon-oksijen beyaz ciicelerin
kiitlelerinden daha kiigiiktiirler ve daha hizli soguyarak kristallesirler [61].

Giines ve gezegenler i¢in ciice asamalar1 Sekil 25°te gdsterilmistir [62].
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Sekil 25: Giines ve gezegenler i¢in ciice agamalari.

Dev yildizlar, helyum, karbon ve demir kaynasmasi ile Omiirlerini
gegirirler. Dev yildizlarin gegirdikleri fizyon asamalari, yildizin biiylimesini
ve kirmizi siiperdev haline gelmesini saglar. Demir g¢ekirdek bir ndtron
yildiza doniisiir. Doniisiim sonucunda ortaya ¢ikan enerji, bir siipernovada,
dis gazlari, yildizdan uzaklastirir. Ancak, kirmizi siiperdev g¢ekirdekler, bir
kara delige doniisene kadar mavi ve sicak kalirlar. Yalnizca en biiyiik
hiperdev yildizlar, yiizeylerinde mavi ve sicak kalmaya yetecek kadar hizli
birlesirler. Dev yildizlar, Giines kiitlesinin yaklagik 3 kat1 ile 100 kat1
arasinda degisebilen bir kiitleye sahiptirler. Giines kiitlesinin 100 kat1
biiytikliikte olan devler, hiperdevlerdir. Dev bir yildizin g¢ekirdegi, kendi
yercekimi etkisi nedeniyle siirekli bir baski altindadir. Devler, siddetli bir
sekilde parlayarak, mavi ve beyaz renkte sicak pargaciklar sacarlar. Bu
parcaciklar, radyo dalgalar1 yayarlar ve radyo teleskoplari ile dev yildizlarin
sinyalleri alinir [47]. Mavi devler ve mavi siiperdevler, diger yildizlardan
daha biiyiik ve sicaktirlar. Yasamlar1 kisa siirer. Mavi devler ve mavi
stiperdevler yasamlarinin sonunda bir siipernova patlamasi gegirirler.
Bunlarin yakitlari; hidrojen, helyum, karbon, oksijen ve silikonu yakabilecek
sicakliktadr. Bu yildizlardaki fiizyon sonucu, demir elementi olusur [14].
Fiizyon nedeniyle biiylik bir enerji a¢iga ¢ikar. Bu enerji, mavi devleri ve
mavi siiperdevleri, kirmizi siiperdev haline getirir. Kirmizi siiperdevlerin
cekirdekleri, agir elementlerle birleserek etrafa pargacik yayarlar. Radyo
teleskoplar1 ile kirmizi siiperdevler tespit edilebilmektedir. Sonunda, bir
stiperdev yildizin ¢ekirdeginde demir, kaynasmayi saglayacak enerjiiyi
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bulamamaya baglar. Bu durumda, siiper dev yildiz, dengeleme hareketi
icerisine girer. Siiperdevin atmosferinin agirligi, erimeyen demir gekirdege
carparak atomlar1 sikistirir. Elektronlar, protonlara g¢arpar. Elektronlar ile
protonlarin ¢arpigmasindan, notronlar olusur ve enerji agiga ¢ikar. Olusan
enerji, yildizin gazlarini sonsuz bir genislemeyle uzaym uzak noktalarina
gonderir. Sonugta, ¢cok parlak bir patlama olugur. Buna siipernova patlamasi
denir. Siipernova patlamasinda yayilan 1sik, Evrenin uzak noktalarinin
mesafelerini belirlemede kullanilabiir [47]. Bir siiperdev yildizin siipernova
patlamasmdan 6nceki yapis1 Sekil 26°da gosterilmektedir [57].

Sekil 26: Bir siiperdev yildizin siipernova patlamasindan dnceki yapist.
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Termal Giines Enerjisi Kollektorii ile Havuz Isitma
Uygulamasi: Kahramanmaras Ornegi

Furkan Dincer
Kahramanmarasg Siitcii Imam Universitesi, Miihendislik-Mimarlik Fakiiltesi,
Elektrik-Elektronik Miihendisligi Boliimii,
E mail: furkandincer @ksu.edu.tr

1. Giris

Kahramanmaras ili Akdeniz Bélgesinde yer almakta olup, 37°11' ve
38°36' kuzey enlemleri ile 36°15' ve 37°42' dogu boylamlar1 arasidadir [1].
Kahramanmaras igin ortalama rakim 566 m, ortalama sicaklik 14,8 °C,
Yataya giines 1s1masi 1859 kWh/m?/y1l, optimum ag1 31°dir [2].

Kahramanmaras’ta yiizme havuzu her gegen giin yaygimlasmaktadir.
Ancak havuzlarin 365 giin kullanimi i¢in havuz sicakligi Onemlidir.
Havuzlarm 1sitilmast énemli bir enerji maliyeti getirmektedir. Havuzlarin
isitilma sorunundan dolayr birgok havuz atil durumdadir. Giines enerjisi,
havuzlarin enerji ihtiyacinin karsilanmasinda 6nemli bir ¢6ziim iiretmektedir.
Bu ¢alisma da termal giines enerjisi kollektorii ile havuz 1sitma uygulamasi
Kahramanmarag lokasyonu igin arastirimistir.

2. Modelleme

Kahramanmaras merkez (Enlem:37,605; Boylam:36,817) lokasyonu igin
modelleme yapilmistir. Modelleme igin polysun 12.1 yazilimi kullanilmistir
[3]. Sekil 1’de modelleme lokasyonu goriilmektedir.

Kayseri
Mai&rya
Lat=37.605; Lon=36.817, Alt=683; TZ=3
Kohrgeasnmaras
Kahr'garwrnaras
Ad o X
e Osmaniye Sanhurfa
Kili
o2pac
Zuin
Hatay > alasls
&
45531 kel 5z
o i

Sekil 1. Modelleme Lokasyonu
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Dis ortam 3,8 m x 2,4 m x 1,5 m Sl¢iilerindeki bir havuzu 20°C sicaklikta
sabit tutma hedeflenmistir. Giines enerjisinin yetmedigi durumlarda sistem,
dogalgaz kombi ile desteklenecektir. Giines kollektorii, Dogalgaz kombi ve
havuzdan olusan sistem sekil 2’de goriilmektedir.

4 D

Dogalgaz Kombi

Giines Kollektori 3 o
————————— Ir Havuz
-:5:-_ -:-:@:-:-

[ZE

Sekil 2. Sistem Modellemesi

Modellemede olarak Baymak marka Essential XL-Black model giines
kollektorii ve Vaillant marka ecoTEC plus System model dogal gaz kombi
kullanilmistir.

3. Bulgular

Sistemde 13,68 m® suya sahip, 9,12 m? havuz yil boyu 20°C sabit
sicaklikta tutulmaya cahsilmustir. 4.614 m? giines kollektorii ile su sitilms
ve havuzun istenilen sicakliga gelmesi devirdaim popmpalart ile saglanmustir.
Giinesin yeterli olmadig1 durumlarda dogal gaz kombi ile destek saglanmustir.
Modelle yardimiyla elde edilen bulgular sekil 3-14 de gosterilmistir.
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Sekil 4. 1 Subat saat12:00 Modelleme sonuglari
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Sekil 8. 1 Haziran saat12:00 Modelleme sonuglari
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©Qsol141W

Qsol: 318 W
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Sekil 12. 1 Ekim saat12:00 Modelleme sonuglar1
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Sekil 14. 1 Aralik saat12:00 Modelleme sonuglar1

Kahramanmarag iklim sartlarinda giines kollektorlerinden yillik toplam
1.918 kWh enerji elde edilmistir. Dogal gaz yillik toplam 49,1 kWh enerji
desteklemis olup, devirdaim pompalar1 yillik 227 kWh elektrik enerjisi
tiketmistir. Havuz i¢in kullanilan faydali enerji 1.591 kWh olup, kombi
kayplar1 9,8 kWh, g¢evreye 1s1 kayb1 288 kWh, diger 1s1 kayiplar1 304
kWh’tir. Sekil 15.de modellenen sistemin enerji diyagrami goriilmektedir.

Havuzun igin
kullanilan Enerji
1,581 kiwh
Termal Giines Enerjisi
1,918 kiWh

Kombi Kayiplan
981N

Cevreye Is1 Kaybi

Dogal Gaz P — 288 kiwh
181 th
Elektrik (pompalar igin) Diger Is1 Kaybi
227 kWh 304 kWh

Sekil 15. Enerji Diyagrami
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Toplam ihtiya¢ duyulan enerji 2194,1 kWh’tir. Thtiya¢ duyulan enerjinin
%881 termal giines kollektorlerinden karsilanmistir. Dogal gaz sadece %2
kullanilmistir. Devirdaim pompasi i¢inde %10 elektrik enerjisi kullanilmistir.
Sekil 16.da Sistemde kullanilan enerji kaynaklar1 goriilmektedir.

Dogal Gaz
2%

Termal
Glineg
Enerjisi
88%

Sekil 16. Sistemde kullanilan enerji kaynaklari

Toplam enerjinin %73’ havuzun isitilmasinda faydali olarak
kullanilmistir. Enerjinin %272si ise kayiplar1 olugturmaktadir. Sekil 17.de
sistemde enerjinin kullanimi gériilektedir.

diger kayiplar,

Cevreye 151
kaybi

Kombi
kayiplari Havuzda
0% kullanilan

enerji
73%

Sekil 17. Sistemde enerjinin kullanimi1
Havuz suyu sicakligi en az 20°C olacak sekilde sistem tasarlanmis olup,

ortam sicakligindan dolayr havuz sicakligi bazen 20°C nin iizerine ¢ikmustir.
Sekil 18.de sicakliklarin degisimi goriilmektedir.
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Sekil 18.Sicakliklarin degisimi

4. Sonuc¢

Kahramanmaras lokasyonunda havuz isitmasi igin enerji kaynagi olarak
giines enerjisi basarili bir sekilde kullanilabilmektedir. Yapilan modellemeye
gore ihtiyag duyulan enerjinin %88’i termal giines kollektorlerinden
karsilanabilmektedir. Sisteme fotovoltaik giines panelleri ilave edilerek %10
olan elektrik enerjisi ihtiyaci da yenilenebilir enerji kaynaklarindan
karsilanabilir. Sistem sadece %2 oraninda dogal gaza ihtiyac duymaktadir.

5. Kaynaklar

[1] https://docplayer.biz.tr/15973333-12-derleme-kahramanmaras-ili-
gunes-enerjisi-potansiyeli-ve-kullanim-olanaklari.html

[2] www-dogaka-gov-tr-855-ivlh21ji-kahramanmaras-ili-fv-gunes-
elektrigi-fizibilite-calismasi.pdf

[3] https://www.velasolaris.com/downloads/?lang=en
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Giines Enerjisinden Elektrik Enerjisi Uretiminde
YEKA Ges Yarismalar: ve Ekonomik Analiz

Furkan Dinger
Kahramanmaras Siit¢ii Imam Universitesi, Miihendislik-Mimarlik Fakiiltesi,
Elektrik-Elektronik Miihendisligi Boliimii,
E mail: furkandincer@ksu.edu.tr

Ozet

Gilines enerjisinden elektrik enerjisi Uretiminin Onemi  gittikce
artmaktadir. Enerjiye duyulan talebin artmasi, herhangi bir yakit istemeyen,
temiz ve ¢evre dostu bir kaynak olmasi nedenlerden bazilaridir. Bu baglamda
gelismis iilkelerde oldugu gibi iilkemizde de giines enerjisi santrallerinin
kurulu giicii artmaktadir. Bundan 6tiiri bu ¢alismada cat1 ve arazi tipi icin
ayr1 ayr1 olmak {izere giines enerjisi santrallerinin detayli kurulum maliyetleri
ve fizibilite hesaplar1 detayli olarak incelenmistir. Ayrica, yenilenebilir enerji
kaynak alani olan YEKA giines enerjisi santrallerinin iilkemizdeki tarihgesi,
mevcut durumu ve gelecegi ile ilgili degerlendirmelerde bulunulup 6neriler
sunulmustur.

Anahtar Kelimeler: Elektrik Enerjisi, Giines Enerjisi, YEKA, Fizibilite

1. Giris

Konvansiyonel enerji kaynaklar1 gelismis {lkelerde oldugu gibi
iilkemizde de yerini yeni ve yenilenebilir enerji kaynaklarina birakmaktadir
(Dincer, 2011a; Dincer, 2011b). Ulkemiz elektrik enerjisi kurulu giiciiniin bir
kismu ithal komiir ve dogalgaz olsa da bu oran yillar gectikce azalmaktadir.
Ulkemiz giines enerjisi kusag1 altinda ve bu kaynak bakimindan sansli ve
zengin bir iilkedir (Yilmaz ve Dincer, 2017a; Yilmaz ve Dincer, 2017b,
(Y1lmaz vd., 2017). Giines enerjisinden elektrik enerjisi iiretimi herhangi bir
yakit istemeyen, temiz, ¢cevre dostu ve disa bagimli olmayan bir elektrik
enerjisi tiretim seklidir (Meral ve Dincer, 2011; Rustemli ve Dincer, 2011).

Ulkemiz elektrik enerjisi iiretiminde giines enerjisi santrallerinin kurulu
giici 2020 yilsonu itibariyle 6.667,4 MW degerine ulasmistir. Lisanshi ve
lisanssiz olmak tizere toplamda 7.518 adet giines enerjisi santrali faaliyet
gostermektedir. Ulkemizdeki toplam santral kurulu giic degeri ise 95.890,6
MW degerindedir. Kurulu giiciin yaklasik %7 degerini gilines enerjisi
santralleri olusturmaktadir (TEIAS, 2021).

Fosil tabanli kaynaklar bilindigi iizere c¢alistig1 siire zarfinda yakita
ihtiya¢ duymaktadirlar. Yakit olmadigi siire bu santraller faaliyet gosteremez
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ve elektrik enerjisi iiretemez. Asfaltit Komiir, Dogalgaz, Fuel Oil, Ithal
Komiir, Linyit, Lng, Motorin, Taskdmiir bu tip santraller olup tilkemizdeki
santral kurulu gii¢ degeri yaklasik 46.304 MW degerlerindedir. Hidroelektrik
santralleri de galigabilmesi i¢in suya ihtiya¢ duyarlar. Kuraklik zamanlari, su
seviyesinin az oldugu durumlarda hidroelektrik santralleri elektrik enerjisi
tiretemezler. Barajli ve Akarsu tip olmak {izere bu santrallerin iilkemizdeki
kurulu gii¢ degeri yaklasik 30.983 MW degerlerindedir (TEIAS, 2021).

Ulkemiz santrallerinin kurulu giiciiniin yaklasik %48’i fosil tabanli

kaynaklarm olusturdugu santraller olusturmaktadir. Barajli ve Akarsu tip
olmak ftizere hidroelektrik santrallerinin tlkemiz santrallerinin Kkurulu
giicliniin yaklasik %32’sini olusturmaktadir.
Ulkemizin giines enerjisi potansiyeli gelismis iilkelere gore ¢cok daha fazla
olup iilkemiz bu potansiyel bakimindan sansli konumdadir. Bu sanshi
potansiyeli degerlendirmek adina giines enerjisinden elektrik enerjisi
tiretimini arttiracak politikalar iiretmek ve kurulu giictimiiziin ¢ok daha fazla
arttirilmasi adina ¢aligmalar yapilmalidir. Bu ¢alismada bu politikalara katki
saglamas1 amaci ile gat1 ve arazi tipi i¢in ayr1 ayr1 olmak iizere giines enerjisi
santrallerinin detayl kurulum maliyetleri ve fizibilite hesaplar1 detayli olarak
incelenmistir. Ayrica, yenilenebilir enerji kaynak alani olan YEKA giines
enerjisi santrallerinin {ilkemizdeki tarihgesi, mevcut durumu ve gelecegi ile
ilgili degerlendirmelerde bulunulup 6neriler sunulmustur.

2. YEKA GES Yanismalan

YEKA, yenilenebilir enerji kaynak alam1 anlamma gelmektedir.
Ulkemizde giines enerjisinden elektrik enerjisini iiretim kurulu giiciinii
arttrmak amaci ile YEKA yarigmalar1 yapilmakta ve devam etmektedir.
Resmi Gazete’de 09/10/2016 tarih ve 29852 sayili Yenilenebilir Enerji
Kaynak Alanlart Yonetmeligi ilan edilmistir. Yaymnlanan bu yonetmelik ile
birlikte yenilenebilir enerji kaynaklarmin degerlendirilmesinde yeni bir enerji
yatirim i modeli hayata gecirilmistir (Enerji Tabii ve Kaynaklar Bakanligi,
2021). YEKA GES’lerin (yenilenebilir enerji kaynak alani giines enerjisi
santrali) en Onemli avantaji piyasa fiyatlarma goére daha uygun fiyath
elektrik enerjisi tiretim yarisma imkanlar1 olusturmasidir. Hem yenilenebilir
enerjinin kullanimi hem de maliyet etkin olarak bunun yapilmasi énemli bir
avantajdir.

Bunlardan ilki YEKA-1 GES yarigmasidir. Konya ili, Karapmar ilgesinde
yaklasik 20 milyon km2 bir alana sahip 1000 MWe, 1 GWe kurulu giice
sahip bir giines enerjisi santrali kurulacak. Bu gii¢ sebekeye verilecek
demand degeri olup gilines paneli kurulu giiciiniin 1300 MWe, 1,3 GWe
olmasi planlanmaktadir. Proje i¢in yerli iiretim hiicreye sahip giines panelleri
kullanilmaktadir. Yarigma sonucunda en disiik teklif 6,99 USD-cent/kWh
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olarak verilmistir. Yarismay:; Kalyon Giines Teknolojileri Uretim A.S.
kazanmustir ve 15/09/2017 tarihinde YEKA Kullanim Hakki S6zlesmesini
imzalamistr.  YEKA-1 GES yarigmas1 sadece giines enerjisi santrali
kurulumu degil ayn1 zamanda silikon ingot, wafer, giines paneli hiicresi ve
nihayetinde giines paneli iretimlerinin yerli ve milli olarak iiretilmesi sartini
da kapsamaktadir. Bu maksat ile yarigmayi1 kazanan firma Ankara ilinde yerli
tiretim fabrikasini kurmus ve giines paneli iiretmektedir.

Daha sonralar1 YEKA-2 GES 2018 yilinda ilan edilmis ve taslak
sartnamesi yaymlanmigtir. YEKA-2 GES ile Sanlwrfa, Nigde ve Hatay
illerinde  belirlenen bolgelerde glines enerjisi santrali  kurulmasi
amaglanmigtir. Taslaga gore 500 MWe’t Sanlwrfa-Viransehir’de, 200
MWe’1 Hatay-Erzin’de ve 300 MWe’1 ise Nigde-Bor’da kurulmasi
planlanmisti. Giines panellerinde yerli katki oranlar1 en az yiizde 60,
kablolama, tasiyic1 konstriiksiyon ve invertdrler igin yerlilik orani en az
yizde 51 seklinde idi. Ancak, taslak sartname sonrasinda yarigma
yapilmadan YEKA-2 GES iptal edilmistir.

03/07/2020 tarih ve 31174 sayili Resmi Gazete’de yayimlanan yarigma
ilan1 kapsaminda 2020 yili igerisinde Enerji ve Tabii Kaynaklar Bakanlig1,
YEKA-3 GES yarigsmast i¢in ilan metni yaymnlamistir. Yaymlanan ilan
metnine gore; Tiirkiye’de 36 ile dagilmig toplamda 1000 MWe bir kapasite
tahsis edilmistir. Kapasiteler; 10 MWe, 15 MWe ve 20 MWe seklinde olacak
durumda dagitilmistir. Her bir yarigma i¢in yarigma baslangic tavan fiyati, 30
kr/kWh olarak belirlenmistir. Elektrik enerjisi alim siiresi ise sézlesmenin
imzalandig tarihten itibaren 15 yil olarak ilan edilmistir. Toplamda 74 adet
santral yarigmasi ayri ayr1 yapilacaktir. Giines enerjisi santralinde kurulumu
gergeklestirilecek ve asgari yerli katki orant % 70 olan yerli mali belgesine
sahip Gilines Modiillerinin kullanilmasi istenmistir. Ancak tiim diinyada
oldugu gibi iilkemizde de yasanan pandemi sartlarindan 6tiirii YEKA-3 GES
yarigmasi ertelenmistir.

YEKA-3 GES yarigmasmin ertelenmesi sonrasinda Resmi Gazete’nin 8
Ekim 2020 tarihli sayisinda YEKA GES-3 yarigmalar i¢in diizeltme metni
ilan edilmistir. Yeni diizeltilmig ilan metni ile bagvurular 18-22 Ocak 2021
tarihleri arasinda alinmistir. Son mevcut durumda da bagvuru tarihleri Mart
ayma ertelenmistir. Her bir yarigma igin yarisma baglangi¢ tavan fiyati; 30
kurus/kWh olarak belirlenmisken ertelenen bagvurular ile beraber bu fiyat 35
kurug/kWh degerine yiikseltilmistir.
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3. Cat1 Tipi Giines Enerjisi Santrali icin Ekonomik Analiz ve Fizibilite

Bu ¢aligmada 1000 kWe, 1199,25 kWp kurulu giice sahip bir cat1 tip
giines enerjisi santrali igin maliyet analizi yapilmistir. Planlanan bu santral
i¢in kullanilacak ekipman ve yapilacak iglemler g6z dniinde bulundurularak
her kalem igin ayr1 ayr1 maliyetlendirme yapilmistir. Kullanilacak marka ve
modellere gore yapilan bu maliyet analizi degisiklikler gdsterebilir.
Planlanan bu analize gére 1000 kWe, 1199,25 kWp kurulu giice sahip bu
santral 516.683 USD mal olmaktadir. Watt bas1 maliyet fiyat degeri ise 0,431
USD olarak hesaplanmustir.

Tablo 1. Cat1 Tipi GES Maliyet Analizi (1.000 kWe, 1.199,25 kWp)

Birim ve Toplam

Malzeme, Is ve Islemler Adet/Set Fiyat (USD)
60 El?izgeﬁdéér?jgsP‘;vneli 1.199.25 0,290 347.783
100 kW Invertor 10 5.100 51.000
Montaj Seti (Aliiminyum Konstriiksiyon) 1 45.000 45.000
DC Kablo (6 mm2) 32.000 0,80 25.600
(150 mm2 NIX:YIS((?IZ)ELOO mm2 NYY) 1 6:500 6:500
GES Pano 1 9.500 9.500
R, 1 4500 4500
Uzaktan Izleme Sistemi ve SCADA 1 4.300 4.300
Elektrik-Mekanik Iscilik Hizmetleri 1 12.750 12.750
All-Risk Sigorta Hizmetleri 1 2.800 2.800
Nakliye, Ving 1 4.500 4.500
Levhalar 1 200 200
Konnektor, Spiral Boru vs. 1 1.100 1.100
Proje Onay, Gegici Kabul Harg Ucretleri 1 1.150 1.150

Toplam 516.683

Watt Basina Fiyat 0,431

Planlanan c¢ati tip glines enerjisi santralinin Kahramanmaras
lokasyonunda oldugu varsayilarak iiretim tahminlemesi ve amortisman stiresi
degerleri de hesaplanmistir. Boyle bir giines enerjisi santralinin 1.530.000
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kWh/y1l iiretim yapacagi tahmin edilmektedir. Bu santralin abone grubunun
ticarethane oldugu diistiniilmiistiir. Ticarethane aboneleri elektrik enerjisini
0,594 TL/kWh fiyat1 iizerinden elektrik dagitim sebekesine irettikleri
enerjiyi satabilmektedirler. Bu santralin elektrik enerjisi tiiketimi yapmadan
urettigi elektrik enerjisinin tamamini elektrik sebekesine sattigini diisliniirsek
908.820 TL/y1l kazang elde edebilecektir. Isletme bakim giderleri de
diisiiniildigiinde bdyle bir yatirim kendini yaklasik olarak 4,4 yilda amorti
edebilecektir.

Tablo 2. Cat1 Tipi GES Fizibilite Hesab1 (1.000 kWe, 1.199,25 kWp)

Uretim  1.530.000 kWh

Tarife Birim Fiyat1 (Ticarethane 0G) 0,594 TL/kWh

Briit Gelir  908.820 TL
isletme-Bakim Hizmetleri ~ 40.000 TL
Net Gelir  868.820 TL

Kurulum Maliyeti (USD) 516.683 uSD

Kurulum Maliyeti
(1USD=7,35TL)

Amortisman Stiresi 4,4 Yl

3.797.616 TL

4. Arazi Tipi Giines Enerjisi Santrali icin Ekonomik Analiz ve Fizibilite

Bu calismada 1000 kWe, 1199,25 kWp kurulu giice sahip bir arazi tip
giines enerjisi santrali i¢in maliyet analizi yapilmistir. Planlanan bu santral
icin kullanilacak ekipman ve yapilacak iglemler géz oniinde bulundurularak
her kalem igin ayr1 ayr1 maliyetlendirme yapilmistir. Kullanilacak marka ve
modellere goére yapilan bu maliyet analizi degisiklikler gosterebilir.
Planlanan bu analize gore 1000 kWe, 1199,25 kWp kurulu giice sahip bu
santral 637.783 USD mal olmaktadir. Watt bas1 maliyet fiyat degeri ise 0,532
USD olarak hesaplanmistir.

Arazi tipi gilines enerjisi santralleri kurulumunda projelendirme ve 6n
fizibilite biiylik 6nem arz etmektedir. Golgelenmenin en az olacak sekilde
giines panellerinin konumlanmasi gerekmektedir. Giines panellerine gdlge
gelmesi direkt olarak giines enerjisinden elektrik enerjisi {retimini
engellemektedir. Bundan otiirli santralin  konumu, sehpalar arasimdaki
mesafe, sehpalarin konumlandirilmast vb. birgok parametre g6z Oniinde
bulundurulmalidir.
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Tablo 3. Arazi Tipi GES Maliyet Analizi (1.000 kWe, 1.199,25 kWp)

Malzeme,
is ve islemler
3690 Adet 325 W 60 Hiicreli
Giines Paneli

Birim ve Toplam
(USD)

1.199.25 0,290 347.783

Adet/Set

100 kW Invertor 10 5.100 51.000
Montaj Seti
(Celik-Celik Sicak Daldirma 90 Ton 1.250 112.500
Galvanizli Konstr.)
DC Kablo (6 mm?2) 29.000 0,80 23.200
AC Kablo
(150 mm2 NAYY, 240 mm2 NYY) 1 6.500 6.500
Monoblok Késk (Hiicreler, Trafo,
GES Pano) 1 59.000 59.000
Topraklama, Kablo Tavasi,
Aydinlatma, Telgit vs. 1 11.000 11.000
Uzaktan izleme Sistemi ve SCADA 1 4.300 4.300
Elektrlk-.Mekanllf Iscilik 1 12.750 12.750
Hizmetleri
All-Risk Sigorta Hizmetleri 1 2.800 2.800
Nakliye, Kepce vs. 1 4.500 4.500
Levhalar 1 200 200
Konnektor, Spiral Boru vs. 1 1.100 1.100
Proje Onay, Gegici Kabul Harg 1 1150 1150
Ucretleri

Toplam 637.783
Watt Basina Fiyat 0,532

Planlanan arazi tip giines enerjisi santralinin Kahramanmaras
lokasyonunda oldugu varsayilarak {iretim tahminlemesi ve amortisman siiresi
degerleri de hesaplanmistir. Boyle bir gilines enerjisi santralinin 1.850.000
kWh/y1l iiretim yapacagi tahmin edilmektedir. Bu santralin abone grubunun
ticarethane oldugu diistiniilmiistiir. Ticarethane aboneleri elektrik enerjisini
0,594 TL/kWh fiyat1 iizerinden elektrik dagitim sebekesine irettikleri
enerjiyi satabilmektedirler. Bu santralin elektrik enerjisi tiiketimi yapmadan
tirettigi elektrik enerjisinin tamamini elektrik sebekesine sattigini diisliniirsek
1.098.900 TL/y1l kazang elde edebilecektir. isletme bakim giderleri de
diisiiniildiigiinde boyle bir yatirim kendini yaklasik olarak 4,5 yilda amorti
edebilecektir.
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Tablo 4. Arazi Tipi GES Fizibilite Hesab1 (1.000 kWe, 1.199,25 kWp)

Uretim 1.850.000 kWh
Tarife Birim Fiyati
4 TL/kWh
(Ticarethane OG) 0,59 /KW
Briit Gelir ~ 1.098.900 TL
Isletme-Bakim Hizmetleri 40.000 TL
Arazi Kira Bedeli 20.000 TL
Net Gelir  1.038.900 TL
Kurulum Maliyeti (USD) 637.783 uSsD
Kurulum Maliyeti
4.687.701 TL
(1 USD=7,35 TL)
Amortisman Siiresi 4,5 Yil

5. Degerlendirme ve Sonug

YEKA GES yarismalarinin yapilmasi ve devam etmesi iilkemiz i¢in
onemlidir. Ulkemizin giines enerjisinden elektrik enerjisi iiretimi kurulu
glictini hizli bir sekilde arttiracak Onemli adimlardan biridir. Ancak,
yapilacak yatirimlarda ¢esitli iyilestirmeler yapilmalidir. Bunlardan en
onemlisi arazi sorunudur. Arazi ile ilgili yatirimcilar ¢ok sayida sorun ile
karsilagmaktadir.

Giines enerjisi santrali sebekeye bagli olacagi igin enerji nakil hatt1 ile
dagitim/iletim hattina baglanmalidir. Yapilacak giines enerjisi santralinin
kapasitesi en az 10 MWe ilizeri oldugu i¢in yatirim alanmi trafo merkezine
yakin bir noktada olmalidir. Béylece enerji nakil hatti sorunu, giizergah ile
ilgili gegis problemleri ve iletim kaybi1 daha az olacaktir. Kurulacak nakil
hatlar1 vatandaslarin arazisinden gegecegi i¢in yatirimci zor durumlar ile
kars1 karsiya kalmaktadir. Bundan 6tiirii ilgili santral sahasi kurulmadan 6nce
enerji nakil hatti devlet tarafindan yatirimciya hazir bir vaziyette sunulabilir.
Boylece yatirimcr direkt olarak vatandas ile sorun yasamamis olacaktir.
Santral kurulmadan 6nce enerji nakil hatti hazirlanmig olacak ve sonradan
farkli bir sorun meydana gelmeyecektir.

Kurulum yapilacak arazinin atil bir arazi olmasi, tarima elverisli
olmamasi gerekmektedir. Yani, marjinal tarim arazisi olup tarim uygulama
digina ayrilmis bir arazi olmasi gerekmektedir. 10 MWe kurulu giice sahip
bir arazi i¢in en az 150 donim arazi alani olmasi gerekmektedir. Boyle
biiyiik arazilerin tamaminin marjinal tarim arazi smifinda olabilmesi,
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Cevresel Etki Degerlendirmesi (CED) i¢in uygun olabilmesi biraz zor bir
durumdur. Yatwrimcilar bu durumda yogun biirokrasi ile ugrasmaktadir.
Ayrica boyle kurulum yapilacak toplu arazilerin bulunmasi da olduk¢a zor
olmaktadir. Bu durumu firsata ¢evirmek isteyen ¢ok sayida arazi sahipleri
oldugu i¢in bu gibi durumlar da yatirimciy1 zor duruma diisirmektedir.

150 doniim ve {izeri biiylik arazilerin imar planlarmin yapilmasi
siireglerinde de yatirimeci ¢okga sorun ile karsilasabilmektedir. Onlarca
kurumdan goriis alimmaktadir. Onlarca kurumdan bir kurumun olumsuz
goriis vermesi halinde yatirim kesintiye ugramaktadir.

Bu ve benzeri bircok nedenden otiirii YEKA GES yapilacak araziler
biirokratik iglemleri hazirlanmis vaziyette yatirimciya sunulmasi yatirimlarin
uygulanabilir ve siirdiiriilebilir olmasmna dnemli katki saglayacaktir. Ayrica
yatirimeilarin daha ¢ok yarigmaya katilmalarini ve ilginin yiiksek olmasmi da
beraberinde getirecektir.

Trafo merkezine yakin yerlerde arazi igin biirokratik islemleri, enerji
nakil hatti tamamlanmis alanlar tahsis edilip YEKA GES yarigmalar1 igin
yatirimeilara sunulabilir. Bu bdlgeler Giines Enerjisi Ihtisas Bolgeleri olarak
ilan edilebilir. Yapilacak yatirimlarda yiiksek yerlilik oran1 belirlenerek yerli
ve milli enerji santrallerinin insasi saglanabilir. Boyle yarigmalar ile en az
onbes yil alim garantili elektrik piyasasi takas fiyati iizerinden elektrik
enerjisi alimi taahhiit edilebilir.

Ek olarak; bu ¢aligmada arazi ve gat1 tipi gilines enerjisi santrali detayli
maliyet analiz ve fizibilite tablolari sunulmustur. Bu tablolardaki veriler
incelendiginde giinimiizde gilines enerjisi santrallerinin  amortisman
stirelerinin 4,5 yil civarinda oldugu agik bir sekilde belirlidir. Hatta, kendi
elektrik enerjisini kendi tiretip ayni1 noktada tiiketen isletmeler i¢in dagitim
bedeli ve ek vergi tutarlarindan da tasarruf edilecegi i¢in bu amortisman
stiresi daha da azalacaktir.

Tarmmsal igletmelere devlet tarafindan ek hibe destekleri sunulmaktadir.
Hibe destekleri ile tarimsal isletmeler glines enerjisi santrallerine yogun ilgi
gostermektedir. Hem kendi elektrik enerjilerini iiretmekte hem de fazla
tirettikleri enerjiyi devlete satabilmektedir.

Genel isletmelerde ise KDV tesvigi disinda farkli bir destek
sunulmamasina ragmen genel igletmeler de kendi gatilarini
degerlendirmektedir. Ancak, cati alani yeterli olmayan veya c¢ati alam
olmayip elektrik enerjisi iiretim sektdriine yatirim yapmak isteyen
yatirimeilarin da 6nii agilmalidir.

Sehir merkezleri disinda tarim arazisine uygun olmayan ¢ok sayida atil
araziler bulunmaktadir. Bu araziler yatirimcilara agilmali ve elektrik enerjisi
iiretim tesisleri kurmalari igin biirokratik engellerin kaldirilmasi biiyiik dnem
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arz etmektedir. Yatirimcilar 6zel bir tegvik beklemeden bu yatirimlari 6z
sermayeleri ile yapmak i¢in hazir durumdadir. Yerli panellerin tiretilmesi ile
beraber yapilacak boyle gilines enerjisi santralleri yerli ve milli enerji
politikamiza biiyiik katki saglayacak ve elektrik enerjisini ihrag eden bir iilke
konumuna ulagsmamizi saglayacaktir.
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