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Amacg ve Kapsam

Mus Alparslan Universitesi Fen Bilimler Dergisi, temel bilimler, mithendislik bilimleri, ¢evre ve enerji alanlarinda
ulusal ve uluslararasi diizeyde yapilan bilimsel nitelikli ve 6zgiin ¢aligmalari bilimsel bir yaklagimla ele almak
amactyla yayimlanan uluslararas1 hakemli bir dergidir. Mus Alparslan Universitesi Fen Bilimleri Dergisinin temel
amact, uluslararasi alanda bilim ve teknolojideki yenilikler ve gelismeler, glincel ortaya konulan bilimsel ¢aligmalar,
tespit edilen sorunlarin ve ¢éziim Onerilerinin tartisildig1 6zgiin ve nitelikli makaleler yayinlanan bilimsel bir dergi
olmaktir. Ayrica Mus Alparslan Universitesi Fen Bilimleri Dergisi, yiiksekogretim kurumlarinda gorev alan
akademisyenler, lisansiistii 6grenciler, sanayi ve endiistride ¢alisan kisilerin akademik ve mesleki gelisimlerine katk1
saglayan bilimsel, nitelikli akademik ¢aligmalarin yayginlastirilmasina hizmet etmeyi hedeflenmektedir.

Mus Alparslan Universitesi Fen Bilimleri Dergisi; temel bilimleri, tarim ve uygulamali bilimleri, doga bilimleri
ve mithendislik alanlar1 ile alakali konularda 6zgiin ve nitelikli bilimsel ¢alismalart kapsamaktadir. Dergide, yukarida
belirtilen alanlarda yapilmis deneysel ve teorik ilerlemeleri iceren bilimsel ve 6zgiin arastirma makalesi tiirtindeki
bilimsel ¢alismalara ve giincel igerikli derlemelere yer verilmektedir. Dergide yayimlanan tim makalelere DOI
numarasi atanmakta ve yayimlanan makaleler i¢in herhangi bir iicret talep edilmemektedir. Mus Alparslan
Universitesi Fen Bilimleri Dergisinde yayimlanan yazilarin bilimsel ve hukuki sorumlulugu, yazarlarna aittir.
Yaymmlanan yazilarin biitiin yaymn haklar1 Mus Alparslan Universitesi’ne ait olup yayn, yaymecinm izni olmadan
kismen veya tamamen elektronik ortama taginamaz. Mus Alparslan Universitesi Fen Bilimleri Dergisi, 6zgiin bilimsel
aragtirmalar ile uygulama ¢aligmalarina yer veren Haziran ve Aralik sayisi olmak iizere yilda iki defa diizenli olarak
yayimlanan bir dergidir.

Mus Alparslan Universitesi Fen Bilimler Dergisi asagidaki indekslerce taranmaktadir:

e TR Dizin

e Academic keys

e CAB Abstract

e CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e FEurasian Scientific Journal Index (ESJI)

e Index Copernicus

e Infobase index

e International Innovative Journal Impact Factor (11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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Aims and Scope

Mus Alparslan University Journal of Science is an international refereed journal that is published with a scientific
approach to handle scientific and original studies in the fields of basic sciences, engineering sciences, environment and
energy. The main aim of Mus Alparslan University Science Journal is to become a scientific journal which published original
and qualified articles, current scientific studies, their identified problems, and their solution suggestions, discussing
innovations and developments in science and technology in the international surroundings. In addition, Mus Alparslan
University Journal of Sciences is aimed to serve the dissemination of scientific and qualified academic studies which
contributed to the academic and professional development of academicians, graduate students, working people in industry.

Mus Alparslan University Journal of Science covers original and qualified scientific studies in the fields of basic sciences,
agriculture and applied sciences, natural sciences, and engineering. There are scientific, original research articles and
current content reviews that include experimental and theoretical advances mentioned above in the fields in the journal.
All published articles in the journal are assigned a DOI number and no fee is charged for the published articles. The authors
belong to scientific and legal responsibility of the articles published in Mus Alparslan University Journal of Science. Mus
Alparslan University belongs to all publishing rights of the published articles, and it cannot be published to the electronic
medium partially or completely without the permission of the publisher. Mus Alparslan University Journal of Science
including the June and December issues is a regular journal published twice a year that is included original scientific
research and application studies.Mus Alparslan University Journal of Science is included in the following abstracting and
indexing services:

e TR Dizin

e Academic keys

o CAB Abstract

o CiteFactor

e COSMOS IF

e CrossRef DOI

o DRIJI (Directory of Research Journals Indexing)
o Eurasian Scientific Journal Index (ESJI)

e Index Copernicus

¢ Infobase index

e International Innovative Journal Impact Factor (11J1F),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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MAUNFBD Dergi Yayn Etigi ve Sorumluklar

MAUNFBD Dergisinde uygulanan yayin siire¢lerinde yazarlar, hakemler ve editorler etik ilkelere yonelik
standartlara uymasi 6nem tagimaktadir. MAUNFBD Dergisinde yaym etigi kapsaminda tiim yazarlar, hakemler ve
editorler asagidaki etik sorumluluklari tasimasi beklenmektedir. Asagida yer alan etik gorev ve sorumluluklar
olusturulurken agik erigim olarak Committee on Publication Ethics (COPE) tarafindan yayinlanan etik kurallara ve
sorumluluklar dikkate alinarak hazirlanmistir.

Yazarlarin Etik Sorumluluklar:

Yazar(laryin gonderdikleri caligmalarin 6zgiin olmasit beklenmektedir. Yazar(lar)in baska c¢aligmalardan
yararlanmalar1 veya baska calismalar1 kullanmalar1 durumunda eksiksiz ve dogru bir bi¢cimde atifta bulunmalari
ve/veya alint1 yapmalar1 gerekmektedir. Caligmanin olusturulmasinda igerige katki saglamayan kisiler, yazar olarak
eklenmemelidir. Yazarlar ¢aligmalarin1 aym anda birden fazla derginin bagvuru siirecinde bulunduramaz. Her bir
bagvuru Onceki bagvurunun tamamlanmasini takiben baglatilabilir. Bagka bir dergide yaymnlanmis c¢alisma
MAUNFBD Dergisine gonderilemez. Yayinlanmak {izere gonderilen tiim ¢aligmalarin varsa ¢ikar ¢atigmasi teskil
edebilecek durumlar ve iligkileri agiklanmalidir. Yazar(lar)dan degerlendirme siiregleri gergevesinde makalelerine
iliskin ham veri talep edilebilir, boyle bir durumda yazar(lar) beklenen veri ve bilgileri yaymn kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baglamis bir calismanin yazar sorumluluklarinin degistirilmesi (Yazar
ekleme, yazar sirast degistirme, yazar g¢ikartma gibi) teklif edilemez. Yazar(lar) kullanilan verilerin kullanim
haklarina, arastirma/analizlerle ilgili gerekli izinlere sahip olduklarini veya deney yapilan deneklerin rizasinin
alindigim1 gosteren belgeye sahip olmalidir. Yazar(lar)in yayinlanmis, erken goriiniim veya degerlendirme
asamasindaki ¢aligmasiyla ilgili bir yanlis ya da hatay1 fark etmesi durumunda, dergi editoriinii veya yayinciyt
bilgilendirme, diizeltme veya geri cekme islemlerinde editdrle is birligi yapma yiikiimliliigli bulunmaktadir.

Editorlerin Etik Gorev ve Sorumluluklar:

MAUNFBD Dergisindeki editorler ve alan editorleri, agik erisim olarak Dergipark sayfasinda yayinlanan
Committee on Publication Ethics (COPE) tarafindan belirtilen etik gérev ve sorumluluklara sahip olmalidir:

Genel Gorev ve Sorumluluklar

Siirekli olarak derginin gelisimini saglama, dergide yaymlanan caligmalarin kalitesini gelistirmeye ydnelik
stiregleri yiiriitme, okuyucularin ve yazarlarin bilgi ihtiyaglarmi karsilamaya yonelik ¢aba sarfetme, diizeltme,
aciklama gerektiren konularda yayin agisindan agiklik ve seffaflik gosterme. Fikri miilkiyet haklari ve etik
standartlardan taviz vermeden is siireglerini devam ettirme editoriin gérev ve sorumluluklarindandir.

Hakemlerin Etik Sorumluluklar:

Sadece uzmanlik alami ile ilgili calisma degerlendirmeyi kabul etmelidir. Tarafsizlik ve gizlilik igerisinde
degerlendirme yapmalidir. Gizlilik ilkesi geregi inceledikleri ¢aligsmalart degerlendirme siirecinden sonra imha
etmelidir. Degerlendirme siirecinde ¢ikar catismasi ile karst karsiya oldugunu disiiniirse, ¢alismayi incelemeyi
reddederek, dergi editoriinii bilgilendirmelidir. Degerlendirmeyi nesnel bir sekilde sadece ¢alismanin igerigi ile ilgili
olarak yapmalidir. Degerlendirmeyi yapici ve nazik bir dille yapmalidir. Diismanlik, iftira ve hakaret iceren agagilayici
kisisel yorumlar yapmamalidir. Degerlendirmeyi kabul ettikleri calismayr zamaninda ve yukaridaki etik
sorumluluklarda gerceklestirmelidir.

Yaymncinin Etik Sorumluklari

MAUNFBD Dergisinde gonderilen ¢alismalarin tiim siireglerinden editér sorumludur. Bagimsiz editor karari
olugturulmasini taahhiit eder. MAUNFBD Dergisinde ekonomik ya da politik kazanglar gbz oniine alinmaksizin karar
verici kisi editérdiir. MAUNFBD Dergisinde yayinlanmis her makalenin miilkiyet ve telif hakkini korumak
zorundadir. Editore iligkin her tiirlii bilimsel suiistimal ve intihalle ilgili 6nlemleri alma sorumluluguna sahiptir.

Yazarlar ile iliskiler

Editor, ¢alismalarin 6nemi, 6zgiin degeri, gecerliligi, anlatimin agiklig1 ve derginin amag ve hedeflerine dayanarak
olumlu ya da oluMAUNZ karar vermelidir. Yayin kapsamina uygun olan ¢aligmalarin ciddi problemi olmadig siirece
on degerlendirme agamasina almalidir. Editor, ¢calisma ile ilgili ciddi bir sorun olmadik¢a, olumlu yondeki hakem



onerilerini gz ard1 etmemelidir. Yeni editor, calismalara yonelik olarak dnceki editor tarafindan verilen kararlari ciddi
bir sorun olmadik¢a degistirmemelidir. MAUNFBD Dergisinde bir Yazar Rehberi yaymlamalidir. Yazarlara
aciklayici ve bilgilendirici sekilde bildirim ve doniis saglanmalidir.

Hakemler ile iliskiler

Editor; dergi yayin politikalarinda yer alan Kér Hakemlik ve Degerlendirme Siireci politikalarini uygulamakla
yiikiimliidiir. Hakemleri yayinin alan konusuna uygun olarak se¢ilmelidir. Yayinin degerlendirme siirecinde gerekli
tiim bilgileri hakemlere saglamakla yiikiimlidiir. Yazarlar ve hakemler arasindan ¢ikar ¢atigmasi olup olmadigini
gbozetmek durumundadir. Yaymin degerlendirme siirecinde hakemlerin kimlik bilgilerini gizli tutmalidir. Hakemleri
tarafsiz, bilimsel ve nesnel bir dille caligmay1 degerlendirmeleri icin tesvik etmelidir. Hakem havuzunun genis bir
yelpazeden olusmasi i¢in adimlar atmalidir. Hakemlerin performansini artirici uygulama ve politikalar belirlemelidir.
Bilimsel olmayan degerlendirmeleri engellemelidir.

Okuyucu ile iliskiler

Editor tiim okuyucularm ihtiyag duyduklari bilgi, beceri ve deneyim beklentilerini dikkate alarak karar vermelidir.
Yaymlanan ¢alismalarin okuyucu, arastirmaci, uygulayici ve bilimsel literatiire katki saglamasina ve 6zgiin nitelikte
olmasina dikkat etmelidir. Edit6r okuyuculardan gelen geri bildirimleri dikkate almak, agiklayici ve bilgilendirici geri
bildirim vermekle yiikiimlidiir.

Yaymn Kurulu ile liskiler

Editor, tiim yayin kurulu iyelerinin siiregleri yaym politikalar: ve yonergelere uygun ilerletmesini saglamalidir.
Yayin kurulu diyelerini yayin politikalar1 hakkinda bilgilendirmeli ve gelismelerden haberdar etmelidir. Yeni yayin
kurulu iiyelerini yayin politikalar1 konusunda egitmeli, ihtiya¢ duyduklar1 bilgileri saglamalidir.

Dergi Sahibi ve Yayma ile iliskiler

Editor ile yayinci arasinda yapilan yazili sézlesme geregi, editoriin alacagi tiim kararlar yayinci ve dergi sahibinden
bagimsizdir. Yani editdr ve yayinct arasindaki iligki bagimsizlik ilkesine dayanmaktadir.

Kisisel Verilerin Korunmasi

Editor; degerlendirilen ¢alismalarda yer alan deneklere veya gorsellere iliskin kisisel verilerin korunmasini
saglamakla yiikiimlidiir. Calismalarda kullanilan bireylerin agik rizasi belgeli olmadigi siirece ¢alismay1 reddetmekle
gorevlidir. Ayrica editér; yazar, hakem ve okuyucularin bireysel verilerini korumaktan sorumludur.

Etik Kurul, Insan ve Hayvan Haklar

Editor; degerlendirilen c¢aligmalarda insan ve hayvan haklarinin korunmasimi saglamakla yiikiimlidiir.
Caligmalarda kullanilan deneklere iligkin etik kurul onay1, deneysel arastirmalara iliskin izinlerin olmadig1 durumlarda
¢alismay1 reddetmekle sorumludur.

Olas Suiistimal ve Gorevi Kotiiye Kullanmaya Kars1 Onlem

Editor; olasi suiistimal ve gorevi kotliye kullanma islemlerine karst dnlem almakla yiikiimliidiir. Bu duruma
yonelik sikayetlerin belirlenmesi ve degerlendirilmesi konusunda titiz ve nesnel bir sorusturma yapmanin yani sira,
konuyla ilgili bulgularin paylasilmasi editdriin sorumluluklari arasinda yer almaktadir.

Fikri Miilkiyet Haklarimin Korunmasi

Editor; yaymlanan tiim makalelerin fikri miilkiyet hakkini korumakla, olasi ihlallerde derginin ve yazar(lar)in
haklarin1 savunmakla yiikiimliidiir. Ayrica editér yayinlanan tiim makalelerdeki iceriklerin bagka yaymlarin fikri
miilkiyet haklarini ihlal etmemesi adina gerekli dnlemleri almakla yiikiimlidiir. Bu asamada yazarlardan makaleleri
ile birlikte almig olduklar1 intihal raporu talep edilmektedir.

MAUNFBD Dergisinde Etik Olmayan Bir Durumla Karsilagirsaniz!

MAUNFBD Dergisinde yukarida bahsedilen etik sorumluluklar ve diginda etik olmayan bir davranis veya igerikle
karsilagirsaniz liitfen h.onlu@alparslan.edu.tr adresine e-posta yoluyla bildiriniz.
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MAUNFBD Journal Editorial Ethics and Responsibilities

It is important for authors, referees and editors to comply with the standards regarding ethical principles in the
publication processes applied in the Journal of MAUNFBD. All authors, referees and editors are expected to have the
following ethical responsibilities within the scope of publication ethics in MAUNFBD journal. The following ethical
duties and responsibilities have been prepared as open access, taking into account the ethical rules and responsibilities
published by the Committee on Publication Ethics (COPE).

Authors' Ethical Responsibilities

The works submitted by the author (s) are expected to be original. If the author (s) benefit from other studies or
use other studies, they must cite and / or cite completely and accurately. People who do not contribute to the content
of the study should not be added as author. The authors work in the application process can not contain more than one
journal at a time. The work published in another journal cannot be sent to the MAUNFBD Journal. That might
constitute a conflict of interest if all studies submitted for publication must be explained and relationships. Author (s)
can be requested from the evaluation process raw data of the frame in the article, in such a case the author (s) must be
ready to provide the expected data and information science committee and the editorial board. Replacing the
responsibility of the author began a study of the evaluation process (authors add, modify order of authors, writers like
stickers) cannot be offered. The author (s) must have a document showing that they have the right to use the data used,
the necessary permissions for research / analysis, or that the subjects who have been experimented with have consent.
Author (s) of the published case early view or assessment notice a wrong or error about her work on stage, to inform
the journal editor or publisher has an obligation to carry editors to cooperate in the correction or retraction.

Editors' Ethical Duties and Responsibilities

Editors and field editors in the MAUNFBD Journal should have the ethical duties and responsibilities specified by
the Committee on Publication Ethics (COPE) published on the Dergipark page as open access:

General Duties and Responsibilities

Continuously improving the quality of the journal, carrying out processes to improve the quality of the work
published in the journal, striving to meet the information needs of readers and authors, correcting, showing publicity
and transparency in matters requiring explanation, continuing business processes without compromising intellectual
property rights and ethical standards is one of his duties and responsibilities.

Ethical Responsibilities of Referees

Only study related to the specialty should accept the assessment. It should evaluate in impartiality and
confidentiality. The study examined the privacy policy should be destroyed after the evaluation process. If referee
thinks that he/she faces a conflict of interest during the evaluation process, he should refuse to review the study and
inform the journal editor. The referee should make the assessment objectively only in relation to the content of the
study. Referee should make the assessment in a constructive and kind language. It should not make humiliating
personal comments that include hostility, slander and insults. They should perform the work they accepted to evaluate
on time and with the ethical responsibilities above.

Publisher's Ethical Responsibilities

The editor is responsible for all the processes submitted in the MAUNFBD Journal. The independent editor
commits to the decision. The decision maker is the editor, regardless of economic or political gains in the Journal of
MAUNFBD. It must protect the property and copyright of every article published in the MAUNFBD journal. It has
the responsibility to take all sorts of scientific abuse and plagiarism related measures.



Relations with Authors

Editor, the importance of the work, the original value, validity, the openness of expression and should give a
positive or negative decision based on the journal's goals and objectives. Unless there is a serious problem for the
studies that are suitable for publication, they should take the preliminary evaluation stage. The editor should not ignore
the positive reviews of the referees unless there is a serious problem with the work. The new editor should not change
the decisions made by the previous editor for the work unless there is a serious problem. It should publish an Author
Directory in the MAUNFBD journal. Authors should be provided with informative and informative feedback and
feedback.

Relations with Referees

Editor is responsible for applying the Blind Review and Evaluation Process policies included in its publication
policies. Referees should be selected in accordance with the subject of the publication. It is obliged to provide all
necessary information to the referees during the evaluation process of the publication. It has to observe whether there
is a conflict of interest among the authors and reviewers. The identity information of the referees must be kept
confidential during the evaluation of the broadcast. Encourage referees to evaluate working in an objective, scientific
and objective language. The referee should take steps to make the pool a broad spectrum. Implementations and policies
that increase the performance of the referees should be determined. It should prevent unscientific evaluations.
Relations with Readers

The editor should make a decision by considering the knowledge, skills and experience expectations of all readers.
The reader should pay attention to the fact that the published studies contribute to the reader, researcher, practitioner
and scientific literature and be original. The editor is obliged to take into account the feedback from the readers and
to provide explanatory and informative feedback.

Relations with the Editorial Board

The editor should ensure that all editorial board members advance the processes in accordance with editorial
policies and guidelines. The editorial board should inform the members of the editorial policies and inform the
developments. The new editorial board should educate its members on broadcast policies and provide the information
they need.

Relations with the Owner of the Journal and the Publisher

In accordance with the written contract between the editor and the publisher, all decisions taken by the editor are
independent of the publisher and magazine owner. In other words, the relationship between the editor and the publisher
is based on the principle of independence.

Protection of Personal Data

The editor is obliged to ensure the protection of personal data related to the subjects or images in the evaluated
works. Unless the explicit consent of the individuals used in the studies is documented, they are responsible for
refusing to work. Also, editor is responsible for protecting the individual data of the author, referee and readers.

Ethics Committee, Human and Animal Rights

The editor is obliged to ensure the protection of human and animal rights in the evaluated works. Ethics committee
approval for subjects used in studies is responsible for refusing to work in cases where there is no permit for
experimental research.

Measure Against Potential Abuse and Abuse

The editor is obliged to take measures against possible abuse and misconduct. In addition to conducting a rigorous
and objective investigation about the identification and evaluation of complaints for this situation, sharing the findings
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ABSTRACT

In present work, a novel carbonaceous product (HPSHC) was obtained by hydrothermal co-carbonization (co-HTC)
of hazelnut and peanut shells (HS and PS). HS and PS were mixed at a mixing ratio of 1:1 by mass and subjected to
co-HTC treatment at 220°C for 6 hours’ reaction time. The physicochemical characteristics of the produced HPSHC
such as atomic carbon content, mass yield, higher heating value and energy density were determined. In addition,
attenuated total reflectance-fourier transform infrared spectroscopy (ATR-FTIR) was taken to determine the surface
functional groups and scanning electron microscopy (SEM) images were taken to highlight the surface morphology.
HPSHC was utilize as a sorbent sample in copper ions (Cu(ll)) adsorption. The rate and equilibrium parameters of the
system were calculated by kinetic and isotherm modeling of the adsorption. Kinetic studies showed that the adsorption
was consistent with the pseudo-second order kinetic model, and isotherm studies showed that it was obeyed the
Langmuir model. A theoretical maximal uptake capacity (gm) was calculated 39.90 mg/g. In addition, as a result of
thermodynamic calculations using equilibrium constants, it was observed that the adsorption of Cu(ll) on HPSHC is
a spontaneous and endothermic process.

Keywords: Co-hydrothermal carbonization, Cu(ll), Hazelnut shell, Peanut shell, Isotherm, Kinetic

Endiistriyel Biyoatik Karisgmimin Hidrotermal Yontemle Birlikte Doniisiimii ve Cu?*
Iyonlar1 Adsorpsiyonuna Uygulanmasi

(074

Mevcut calismada, findik ve fistik kabuklarinin birlikte hidrotermal karbonizasyonu (ko-HTK) ile karbon esasli yeni
bir tiriin (HPSHC) elde edildi. Findik ve fistik kabuklari kiitlece 1:1 karigma oraninda karistirilip 220 °C sicaklikta 6
saat reaksiyon siiresinde ko-HTK islemine tabi tutuldu. Uretilen HPSHC nin atomik karbon igerigi, kiitle verimi, iist
1s1l deger ve enerji yogunlugu gibi fizikokimyasal karakteristikleri belirlendi. Ayrica yiizey fonksiyonel gruplarimi
belirlemek icin fourier transform kizilotesi spektrumu (FTIR) ve yiizey morfolojisini aydmnlatmak i¢in taramali
elektron mikroskop (SEM) goriintiileri alindi. HPSHC sulu ¢6zeltiden bakir iyonlari (Cu(Il)) adsorpsiyonunda
adsorplayici olarak kullanildi. Adsorpsiyonun kinetik ve izoterm modellemesi yapilarak, sisteme iliskin hiz ve denge
parametreleri hesaplandi. Kinetik ¢aligmalar, adsorpsiyonun yalanci-ikinci dereceden kinetik modeli ile uyumlu
oldugunu ve izoterm galismalar ise Langmuir adsorpsiyon izotermine uygunlugunu gosterdi. HPSHC i¢in maksimum
Cu(ll) adsorpsiyon kapasitesi (qm) 39.90 mg/g olarak hesaplandi. Ayrica denge sabitleri kullanilarak yapilan
termodinamiksel hesaplamalar sonucu, HPSHC iizerinde Cu(Il) adsorpsiyonunun kendiliginden ve endotermik bir
stire¢ oldugu goézlemlendi.

Anahtar Kelimeler: Birlikte-hidrotermal karbonizasyon, Cu(Il), Findik kabugu, Fistik kabugu, izoterm, Kinetik

INTRODUCTION bioaccumulation, aquatic system contamination from

copper (Cu(ll)) ion causes severe ecological environment
As a result of rapid developments in global industrial  and body function disorders [4]. After Fe(ll) and Zn(ll)
technologies, copper (Cu(ll)) ions are frequently used in  ions, Cu(ll) is the third most abundant transition metal in
the manufacture of semiconductors [1], batteries [2] and  the human body [5]. When Cu(ll) exceed the normal
electronic components of machines [3]. Some of the limit, they can accumulate in human cells and cause
industrial waste from this processing industry inevitably = many dangerous diseases like Wilson and Alzheimer
results in the release of Cu(ll) into the ecological diseases or cancer [6]. For this reason, the US
environment. Due to its high toxic potential, Environmental Protection Agency specifies that the
environmental persistence, non-biodegradability and  Cu(ll) concentration in drinking water should be less than

33


mailto:hasan.saygili@batman.edu.tr

20 uM [7]. Therefore, it is of great importance to develop
new types of materials that can effectively remove Cu(ll)
ions from wastewater. Different methods like ion
exchange [8], redox [9], chemical precipitation [10] and
adsorption [11] are used to remove Cu(ll) from
wastewater. Among these, the adsorption technique
attracts great interest owing to its easy applicability, high
purification efficiency and low cost [12].

Hydrothermal carbonization (HTC) of biomass wastes
attracts great attention due to the environmental and
energy crisis that has increased its impact in recent years.
HTC, a thermochemical conversion process of wet
biomass to hydrochar, a solid product with high added
value, is a low-cost technique [13]. Owing to the
presence of oxygen-containing functional groups on its
surface, hydrochar is an effective sorbent material for
pollution removal. Since oxygen-containing functional
groups on the surface play a key role in removing
pollutions through surface complexation, electrostatic
interaction, and ion exchange [14]. Co-hydrothermal
carbonization  (co-HTC) technique, in  which
carbonization stage is applied to more than one feedstock
simultaneously, has recently attracted the attention of
researchers. This method is applied to improve the
resulting hydrochar product properties such as carbon
content and fuel quality increase or decrease in ash
content relative to the single hydrothermal carbonization
product [15].

In this research, a new hydrochar was prepared by co-
hydrothermal carbonization of hazelnut and pistachio
shells. Next, the obtained HPSHC was implemented in
copper Cu(ll) ions elimination process. Physicochemical
properties of HPSHC were characterized by
spectroscopic techniques such as FTIR, SEM and
elemental analysis. Cu(ll) sorption process was searched
including kinetics and isotherms studies, and the impact
of several agents on the sorption performance of HPSHC,
containing solution pH, temperature and equilibrium-
contact time were investigated.

MATERIALS and METHODS
Biomass and Chemicals

Hazelnut and pistachio shells (HS and PS) were obtained
from the hazelnut processing factory in Ordu and the
peanut processing factory in Gaziantep, respectively.
Both raw materials were thoroughly cleaned with
distilled deionized (DI) water and air-dried for 12h.
After drying, feedstocks were crushed in a pulverizer for
60 sec and sieved at <200 wm to obtain a homogenous
HS and PS powder mixture. The chemicals used in this
study were CuS0O4.5H,0, NaOH, HCI and C;HsOH of
analytical purity and purchased from Sigma-Aldrich.

HPSHC production
The co-HTC process of HS and PS was performed in a

high-pressure reactor with a volume of 100 mL
(Fytronix, FYHT-8000, Turkey). A mixture of 50 mL DI
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water and 5 g biomass (2.5 g of HS and 2.5 g of PS) was
transferred to the hydrothermal reaction system to keep
the biomass/water ratio 1:10. The biomass-water mixture
was kept in an autoclave at 220 °C for 6 h and the
hydrothermal product was collected by vacuum filtration,
washed several times with DI water and dried in
electrical oven at 80 °C for 12 h.

Characterization of HPSHC
The synthesis yield (SY), higher heating value (HHV) and

energy yield (EY) of HPSHC were calculated according
to the following formulas:

mass of hydrochar

sY (%) = mass of feedstock 100 (1)
HHV = 0.3491 C% + 1.1783 H% + 0.1005 S% —

0.1034 0% — 0.015 N% — 0.021 ash% 2
EY = MY X HHVhydrochar (3)

HHeredstock

The ATR-FTIR spectrum was recorded in the 450-4000
cm™! wavelength region to perform the qualitative
analysis of the functional groups in sorbent surface. The
morphological structure pristine and Cu(ll)-loaded
hydrochar were investigated with scanning electron
microscopy (SEM). The fundamental elemental
composition of feedstocks and HPSHC were analyzed
instrumentally, and percentage of O was calculated by
subtraction technic (O%= 100%-C%-H%-N%-S%-Ash).
Fixed carbon (FC), volatile matter (VM), moisture (M)
and ash content (A) analyzes of hazelnut and pistachio
shells and HPSHC were made according to China
GB/T212-2008 standard test.

Adsorption Studies

pH, kinetic and isotherm experimental studies were
carried out to investigate Cu(ll) adsorption on HPSHC.
All experimental studies were carried out with 0.1 gram
of HPSHC, each experiment was repeated twice and
calculations and models were made with average values.
For the investigation of pH effect on sorption process, pH
values were set ranging from 2 to 6, at 293 K with 100
ppm. To observe the adsorption kinetics of copper ions,
the batch tests were analyzed with temperatures ranging
from 293 to 333 K under the optimal working pH (pH:5)
and initial concentration of 100 ppm. Supernatants (15
mL) were collected at different contact time intervals (5-
360 min). Isotherm experiments were carried out at
different concentrations (50-400 ppm) and temperatures
(293-333 K) for 10 h. After sorption, heavy metal ion
concentration was detected by Atomic Adsorption
spectrophotometer (AAS). Each experiment was
repeated at least two times. The rate constants for the
HPSHC-Cu(ll) system were calculated by two models
namely pseudo-first order (PFO) [16] (Eq. 4) and pseudo-
second order (PSO) [17] (Eq. 5) kinetic equations:
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where ge, Ot, Kads,1, and Kags 2 represent adsorption uptake
at equilibrium (mg/g), adsorption uptake at time t (min)
(mg/g), rate constant of PFO (1/min), and rate constant
of PSO ((g/(mg.min)), respectively.

The isotherms of Langmuir [18] (Eq. 6) and Freundlich
[19] (Eqg. 7) were analyzed for adsorption system and
parameters of equilibrium were calculated:

C, 1 C.

e — 2 4 = 6
de qmb dm ( )
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where C is equilibrium concentration of Cu(ll) (mg/L),
b Langmuir constant representing energy of adsorption
(L/mg) and gm represents maximum adsorption capacity
of the adsorbent (mg/g). K ((mg/g)(L/mg)¥™ is the
equilibrium constant of Freundlich and n is the
heterogeneity factor. In addition, Langmuir's constant b is
used in Eq. (8) to determine the equilibrium factor R.:

1
1+b C,

R, =

®)

where C, (mg/L) is the initial concentration of metal ion.
The Ry value indicates the type of sorption either
unfavourable (R. > 1), linear (R.=1), favourable (R. < 1)
or irreversible (R = 0).

RESULTS and DISCUSSION
Characterization of HPSHC

Elemental analysis, fuel properties and proximate
analysis

Elemental analyzes of the raw materials (HS and PS) and
HPSHC hydrochar produced by the co-HTC technique
were carried out to evaluate the change in elemental
compositions and the data obtained are shown in Table 1.
The content of elemental carbon in HPSHC is higher than
that of HS and PS, which is due to the carbonization and
hydrolysis reactions that take place during the co-
hydrothermal treatment. Also, the decreases of H and O
in HPSHC compared to HS and PS are because of
decarboxylation, dehydration and condensation reactions
that occur through co-HTC process [20]. In addition, the
fact that the H/C and O/C atom ratios of HPSHC are
lower than the raw biomasses show that the co-
hydrothermal process increases the aromatization in the
structure. The contents of ash (A), volatile matter (VM)
and fixed carbon (FC) in materials are also presented in

Table 1. The ash contents of HS and PS decreased by
52% and 60%, respectively, during the co-HTC
treatment. During the HTC process, ash as an inorganic
component is mostly inactive, so the reaction and
decomposition of the biomass components allows the
inorganic structures to easily pass into the liquid phase
[21]. When the contents of VM and FC are examined,
reducing in VM and rising in FC values are determined
after co-HTC for both biomasses. The reduce in VM and
the rise in FC are attributed to the condensation and
polymerization reactions that occur through co-HTC
treatment [22]. According to the data in Table 1, the
HHVs of the HS and PS increased after co-HTC
treatment and reached 20.12 MJ/kg. In addition, fuel
ratios increased by 0.53 and 0.45, respectively, to 0.84
for HS and PS. The increase in HHVs is due to both the
increase in %C and the decomposition of cellulose and
hemicellulose. That is, after the co-HTC reaction, the
contents of ash and volatile matter in raw materials
decrease, and hemicellulose and cellulose, which have
HHVs ranging from 16.81 to 18.6 MJ/kg, are
decomposed at temperatures around 180 °C and 220-230
°C. As a result, components with higher HHV remain in
the structure of the hydrochar and increase HHV [23].
Considering the mass and energy yield values, it was
calculated as SY: 75.45% and EY: 81.24%, respectively.

Table 1. Physicochemical characteristics of HS, PS and
HPSHC

Sample ID HS PS HPSHC
%C 48.46 44,75 51.85
%H 5.661 5.705 5.404
%N 0.458 0.292 0.362
%S - 0.068 -
%0 44.37 47.93 41.88
H/C 1.40 1.53 1.25
o/C 0.69 0.84 0.61

HHV (MJ/kg) 1897  17.36 20.12
M(%) 1062 473 4.93
A%) 105  1.26 0.50

VM(%) 57.64 64.62 51.29
FC(%) 30.69 29.39 43.28
FR 0.53 0.45 0.84
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Morphological characteristics

The surface structures before and after sorption were
characterized by SEM technique (Figure 1). From Figure
1, surface of HPSHC is morphologically different from
each other before and after loading with copper ions.
Before adsorption, the HPSHC surface has an irregular
structure, which will increase and ease the sorption of
Cu?*to HPSHC surface. After loading with Cu?*, changes
on the HPSHC surface approve the sorption of copper
ions.



Figure 1. Morphology of HPSHC (a) and (b) Cu?*-loaded
HPSHC

FTIR analysis

FTIR spectra was presented to analyze the functional
groups of HPSHC in Figure 2. The FTIR peak located at
3500-3000 cm* assigned to functional group of -OH
vibration. The absorption peaks at between 3000 and
2500 cm™ corresponded to the stretching vibrational
functional group of to aliphatic -CH,. The peaks between
1750 and 1500 cm belong to -C=0 groups originating
from ketone and amide structures in the HPSHC. The
presence of peak at 1650 cm, related that the vibration
of -C=N group at surface. The bands appearing at 1000
and 950 cm™ are due to the aromatic C-H out-of-plane
bending vibrations. Additionally, the vibrational peaks
observed at 1500 and 1450 c¢m “* confirm the presence of
carboxylic groups in the structure.
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Figure 2. FT-IR spectra of HPSHC
Cu(Il) ion adsorption results
Influence of pH

pH is a crucial parameter, which influence the sorption
period. Therefore, the effect of solution pH was
examined in the range of 2.0-6.0, and the results are
presented in Figure 3. As observed in Figure 3, the Cu(ll)
sorption capacity of hydrochar occurs at pH 5. At low pH,
sorption ability of HPSHC was low. The main reason is
that the abundant H* at low aqueous pH can strongly fight
with Cu(ll) ions for the same sorption sites of HPSHC.
Since the mobility of heavy metal ions is lower than that
of H*, proton orientation towards adsorption sites is
greater. Additionally, when pH is lowered, the functional
groups on the HPSHC surface become positively
charged, which prevents the positively charged metal
cations from approaching the surface [24]. Since metal
precipitation occurs at pH values higher than 5, pH 5 was
selected as the optimal pH for further experiments.

q (mg/g)

Figure 3. Influence of
performance

solution pH on Cu(ll) adsorption
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Studies on adsorption Kinetic

In order to make kinetic modeling, the experimental data
were evaluated in Eq. 4 and Eq. 5, and plots of PFO and
PSO models were obtained (Figure 4a-b). PFO and PSO
rate constants were determined from the slope values of
these linear graphs. The suitability of the model was
investigated by calculating the Qeca values from the
intercept values and comparing them with the
experimental Qe (Qeexp) Values. The parameters and
correlation coefficients (R?) determined for both kinetic
models are reported in Table 2. From Table 2, Cu(ll)
sorption on HPSHC complies with the PSO kinetics,
considering the R? values. In addition, the closeness of
e,cal Values and geexp Values for the PSO model confirms
this situation.
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Figure 4. Sorption kinetic fitting results for Cu(ll) uptake onto
HPSHC; Linear fitting curves from PFO (a) and PSO (b)

models

Table 2. Kinetic parameters related to Cu(ll) adsorption on

HPSHC surface at different temperatures

Temper PFO PSO
ature Oee  Oec Kads, R? Qec  Kadsz. R2
(K) Xp al 1 al 108
203 12. 94 001 097 12. 204 098
50 2 76 42 02 58
313 17. 11. 0.02 098 16. 4.48 0.99
40 57 29 54 95 17
333 23. 20. 0.05 098 22. 512 0.99
50 48 44 82 79 24
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Studies on adsorption isotherm

The results obtained from the sorption experiments were
evaluated in the model equations of Langmuir and
Freundlich and the plots of these isotherm models were
obtained (Figure 5a-b). From the slope and intercept
values of these plots, the isotherm parameters were
calculated. In addition, the R?for both models correlation
coefficients were also calculated and all data were
collected in Table 3. As observed in Table 3, the R?of the
Langmuir is higher than the R? of the Freundlich
isotherm. This shows that Cu(ll) sorption on HPSHC fits
sorption isotherm of Langmuir. This compatibility
indicates that the sorption active centers on HPSHC
surface show a uniform distribution. The maximal
sorption uptake value calculated from the Langmuir
isotherm model was determined as 39.90 mg/g. Also, R,
calculated with the help of Langmuir equation dispersion
factor is in the range of 0.0750-0.0570. This shows that
Cu?* sorption on HPSHC is favorable.
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Figure 5. Isotherms of adsorbing Cu(Il) onto HPSHC with the
fitting curves by Langmuir (a) and Freundlich (b) models

Table 3. Parameters of isotherms for Cu(ll) adsorption onto
HPSHC

Temper Langmuir Freundlich

aure . o7 h R RZ Kr 1n R

(K)

203 28. 012 007 099 4. 059 0.96
54 45 50 88 52 45 57

313 34. 022 006 099 5 048 0.97
45 57 05 47 67 16 41

333 39. 026 005 099 6. 041 097
90 48 70 56 94 17 12

Adsorption thermodynamics

Thermodynamic evaluation of HPSHC toward copper
ions was carried out using the Van’t Hoff equation
formulated by Eq. 9 below:

4590

R

0
InKe=-“"+

)
where Kc is the thermodynamic equilibrium constant, T
(K) is temperature, and R (8.314 J/mol K) is the universal
gas constant. Standard enthalpy change (AH°) and
change in the entropy (AS°®) values were determined from
the slope and the intercept between In K¢ -1/T plot, using
Eg. 9. In addition, Gibb’s free energy (AG®) for all three
temperatures was calculated from the equation given by
Eg. 10:

AG® = —RTInK, (10)
From the thermodynamic values, which were calculated
by isothermal equation listed in Table 4, Cu(ll) sorption
process on hydrochar is spontaneous (AG®° values are
negative) and an endothermic (AH® value is positive).
Besides, the positive entropy change 45° (63.50 kJ/molK)
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confirms the strong interaction between metal ions and
sorbent surface.

Table 4. Thermodynamic parameters of Cu(ll) ions adsorption
on HPSHC surface

T AG° AHP ASO :
(K)  (kI/mol)  (kI/mol)  (kI/molK)
293 -2.1741
313 -4.2062 19.22 6350  0.9952
333  -5.8573
CONCLUSION

In this study, a new hydrochar was produced by using the
co-hydrothermal carbonization technique in which more
than one raw material is processed together. Hazelnut and
pistachio shells were mixed in equal proportions (1:1) by
mass and carbonized at 220 °C for 6 h. The obtained
HPSHC hydrochar has a mass yield of 75.45%, an energy
density of 81.24% and a HHV value of 20.12 MJ/Kg.
HPSHC was employed as a sorbent for Cu?* removal
from water. The impact of pH over Cu(ll) sorption of
HPSHC was explored and it was observed that the
highest adsorption amount was reached in acidic
conditions (pH:5). Temperature dependent Kinetic and
isotherm experiments were performed and experimental
data were evaluated in widely used kinetic and isotherm
equations. According to the result, Cu?* sorption obeyed
to the PSO kinetic model and the Langmuir isotherm with
the monolayer adsorption capacity of 39.90 mg/g.
Thermodynamic study identified the adsorption is
spontaneous and endothermic process. In addition, FTIR
analysis showed that the HPSHC surface is suitable for
Cu(Il) ions adsorption in terms of functional groups.
SEM images taken before and after adsorption also
verified the sorption period. Present work revealed the
capability of using cost-efficient HPSHC produced with
an environmentally friendly technology as an alternative
sorbent for copper ions adsorption.
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ABSTRACT

Orbital Angular Momentum (OAM) beams are a special type of light that disrupts the circular symmetry of the optical
field and carries the angular momentum of light. These beams enable new applications in optical devices and
communication. In addition, as a result of their interaction with matter, OAM beams can transfer both photon energy
and angular momentum, enabling the formation of higher currents. Thus, it has been shown that OAM beams can be
used to obtain higher energies in increasing photovoltaic efficiency. The effect of OAM beams on photovoltaic
efficiency has been a research topic in recent years. Some studies have theoretically shown that OAM beams can
increase the electrical production of solar cells. The reason for this is that OAM beams impart angular momentum to
electrons in addition to photon energy. The aim of this study is to experimentally investigate the electrical effect of an
OAM beam spot produced using an SLM (Spatial Light Modulator) on a semiconductor solar panel. Higher currents
were obtained by dropping the OAM beam onto photovoltaics. The current increase was 18.2%.

Keywords: Photovoltaics, Light-matter interaction, Orbital Angular Momentum

Biikiimlii Isiklarin Yariiletken Uzerindeki Elektriksel Etkisinin Deneysel Olarak
Incelenmesi

oz

Orbital Acisal Momentum (OAM) 1sinlari, optik alanin dairesel simetrisini bozan ve 15181n agisal momentumunu
tagtyan 6zel bir 1s1k tiiriidiir. Bu 1ginlar, optik cihazlarda ve iletisimde yeni uygulamalara olanak saglamaktadir. Bunun
yant sira, OAM 1sinlart madde ile etkilesimi sonucunda hem foton enerjisi hem de agisal momentum aktarabilmeleri,
daha yiiksek akimlarin olusumunu saglamaktadir. Boylece OAM 1simlart fotovoltaik verimliligin artirilmasinda ve
daha yiiksek enerjilerin elde edilmesinde kullanilabilecegi gostermektedir. OAM 1smlarmmin fotovoltaik verimlilik
tizerine etkisi, son yillarda arastirma konusu olmustur. Bazi ¢aligmalar, OAM i1smlariin giines hiicrelerinin elektrik
iretimini artirabilecegini teorik olarak gdstermistir. Bunun nedeni, OAM isinlarinin elektrona foton enerjisine ek
olarak agisal momentum kazandirmasidir. Bu ¢aligmanin amaci, SLM (Spatial Light Modulator) kullanarak iiretilen
OAM 151 spotunun, yariiletken bir giines paneli lizerindeki elektriksel etkisini deneysel olarak incelemektir. OAM
1sin1 fotovoltaikler iizerine diigiirilerek daha yiiksek akimlar elde edilmistir. Akim artisi %18,2 oraninda
gerceklesmistir.

Anahtar Kelimeler: Fotovoltaik, Isik-madde etkilesimi, Orbital A¢isal Momentum

INTRODUCTION the magnetic properties and electronic behavior of
quantum rings [11]. An OAM beam is a type of beam in
which the phase front of the optical field forms a spiral
shape. Mathematically, it can be shown that these beams
contain an exp (i€ @) term in the spatial distribution
of the field when it is assumed that the z-axis is the
direction of light propagation in cylindrical coordinates.
Here ¢ is the azimuth angle and ¢ is an integer indicating
the angular momentum of the OAM beam [12]. As light
condensates. In addition, an OAM beam is a type of  rotates around the optical axis, it gains a kind of rotational
electromagnetic wave that carries optical angular  energy. This energy is called orbital angular momentum
momentum [3,10]. These beams can create electric  and each light particle (photon) has a certain value. Allen
current loops in quantum rings associated with light- et al. found that this value is constant in the z direction
controlled magnetic field pulses. These loops can affect — and is A€,y ¢ per photon.
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Light carrying OAM has opened the way for new
applications in many fields such as electronics and
natural science, quantum science, astronomy, optical
telecommunication, wireless communication and data
transmission [1-9]. For example, OAM beams allow for
the capture, rotation and manipulation of microscopic
objects, atoms, molecules and Bose-Einstein
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There are different methods for generating OAM beams:
These include computer-generated holograms scanned
on SLMs, spiral phase plates and astigmatic mode
converters. These methods have different advantages and
disadvantages. SLM beam production has low efficiency.
In general, the quality of the beam varies with pixel size.
However, the ability to dynamically control SLMs is a
significant advantage. Other methods are static. But their
efficiency is high [1,13-16].

One of the important areas of study for OAM beams is
related to light-matter interaction. When OAM interacts
with matter, it changes the angular momentum of charge
carriers over time. This means that torque is applied to
these charge carriers. In other words, OAM applies a
force to rotate electrons. For example, Witzel et al. found
that an OAM light spot can affect the movement of
electrons on a semiconductor strip and that the electron
has obtained a transverse drag depending on the
properties of the OAM light [17]. In a different study, the
effect of an OAM beam focused on a micro-sized GaAs
AlGaAs-based quantum ring was investigated. This
effect was achieved by transferring the rotational
momentum of the light to the electrons of the
semiconductor material and pushing them towards the
edges of the ring with centrifugal force. In this way, it
was shown that an electric potential was formed between
the inner and outer parts of the ring. This potential can be
controlled by changing the topological charge of the light
and can be used as a fixed voltage source [12]. There are
also many theoretical studies related to the light-matter
effect of OAM beams [5,18,19].

Photovoltaic cells are semiconductor devices that directly
convert sunlight into electrical energy. There are various
methods to increase the efficiency of photovoltaic cells
[20-25]. One of these is to manipulate light (by creating
OAM) to change its effect on the semiconductor material.
In this way, the angular momentum of light can affect the
formation of higher photovoltaic currents by activating
the electrons of the semiconductor material. This
approach offers a new opportunity to improve the
performance of photovoltaic cells. This study also
experimentally demonstrated that OAM beams can be
generated and higher current values can be obtained by
dropping this beam onto a photovoltaic cell.

THEORY

Twisted light is a type of light beam that carries OAM;
this means that the light rotates around its propagation
axis. Twisted light can interact with semiconductor
materials that have a bandgap between the valence and
conduction bands. When twisted light interacts with a
semiconductor, an electrical effect occur due to OAM
transfer, which produce a voltage or current.

To mathematically disclose this effect, we need to
consider the Hamiltonian of the system that defines the
total energy of the light beam and the semiconductor. The
Hamiltonian can be written as follows:
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HZHS+HL+HLS (1)

Here H; is the Hamiltonian of the twisted light beam, Hg
is the Hamiltonian of the semiconductor and H,s is the
Hamiltonian of their interaction. The twisted light beam
can be modeled as a superposition of plane waves with
different OAM values:

EG ) = Z E,(7, t)eil®

l=—00

@)

Here E(#,t) is the electric field of the beam, E,(# t) is
the electric field of each plane wave component, [ is the
OAM quantum number and ¢ is the azimuth angle.
Semiconductors can be modeled as a collection of
electrons and holes with different energy levels:

‘{J(‘F, t) = Zn,k Cnk (t)lpn,k (7_2) (3)

Here W(7,t) is the wave function of the semiconductor,
cn i () is the probability amplitude of each state, n is the
band index (valence or conduction) and k is the wave
vector. The interaction between the twisted light beam
and the semiconductor can be defined by the dipole
approximation. This assumes that the electric field of the
beam creates a dipole moment in each electron-hole pair:

Hys = = Yk Cnx () eTE (7, t)cp i () (4)

Here e is the elementary charge and 7 is the position
vector. By solving the Schrodinger equation of this
system, we can obtain the dynamics of the probability
amplitudes and calculate the electrical effect of twisted
light on semiconductors. When the behavior of electrons
in a semiconductor material under an electric field is
examined, the given Hamilton operator defines the
interaction of electrons with the field. Using this
Hamilton operator, the Schrodinger equation of the
system can be written as follows:
ih 2 Ce(£) = —eFE (7, )y () ®)

This expression is a form of the Schrodinger equation
that shows how the wave function of an electron under
the influence of an electric field changes over time. Here
cn i (t) is the probability amplitude of the electron in the
n -th band and k -th wave vector. To solve this equation,
let us assume that the electric field is constant and
homogeneous. Then we can simplify the equation as
follows:

a2 ®

ot Cnk @® = _eFECn,k ®

The solution of this equation contains a phase factor as
follows:
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This result shows that the wave function of the electron
cnx(0) does not change over time, only its phase
changes. This phase change causes a change in the
momentum of the electron. The momentum of the
electron can be calculated as follows:

D = ihVycy () cn i (t)

. 2 _jef-
— lhvk|Cn,k(t)| e ~ler Et/h

®)

Here p is the momentum vector, V, is the partial
derivative of the wave vector, and c,,, (t) represents the
electron wave vector. To simplify this expression, let us
assume that k is small and that the wave function changes
slowly with respect to k. Then, by doing a Taylor series
expansion, we obtain:

B = ihV|ca ()] — et - Eeier Ee/h ()
This result shows that the electron’s momentum
increases linearly [5,12]. The rate of this increase is
proportional to the magnitude and direction of the electric
field. This means that the electric field creates a current
on the semiconductor. To calculate the electrical effect of
oblique light, we need to know the angle at which the
light hits the surface of the semiconductor and its
refractive index. If the angle at which the light hits the
surface is 6; and the refractive index is n, we write
Snell’s law as follows:

nsin(f;) = (sin6,) (10)

Here 0, is the angle at which the light is refracted. The
momentum of the light is given as follows:

. hf

(11)
Pphoton = —

Here h is the Planck constant, f is the frequency of light
and c is the velocity of light. If we write the components
of the momentum of light:

ﬁx = ﬁphoton COS(@L-) (12)

- -

Py = Pphoton sin(6,) (13)
As a result of the refraction of light within the
semiconductor, while the horizontal component of the
momentum is conserved, the wvertical component
changes. The new vertical component is as follows:

- - .

Py = Pphoton sin(6,) =n ﬁphoton sin(6;) (14)
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In this case, the change in the vertical component of the
momentum is used to create an electron-hole pair from
some of the photons entering the semiconductor. This
event is called photonic emission. The efficiency of
photonic emission is related to the bandgap of the
semiconductor and the energy of the photon. If the energy
of the photon is greater than the bandgap, the probability
of photonic emission increases. If the energy of the
photon is equal to or less than the bandgap, the
probability of photonic emission decreases.

EXPERIMENTAL SETUP and FINDINGS

The effects of OAM beams on matter-light interaction
emerge as a method that can be used to increase the
efficiency of photovoltaic cells. In this study, OAM
beams with different topological values were generated
with SLM and focused on a photovoltaic cell. The effect
of OAM beams on the current values on the photovoltaic
cell was experimentally measured (Figure 1). The results
showed that OAM beams increased the current
generation of photovoltaic cells.
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Figure 1. Schematic of the experimental setup
established to investigate the electrical effect of OAM on
a photovoltaic cell [26].

In the experimental setup, the distance between the SLM
and the photovoltaic panel is 1.5 meters and the
experimental set-up used are as follows: diode laser
(wavelength 500 nm — 570 nm and output power is
200 mW), Photovoltaic cell panel (panel size is
50 mm X 50 mm) and measuring device. The resolution
and accuracy specifications of the meter are given in
Table 1 and other specifications of photovoltaic panel are
given in table 2.

In this study, very low currents were measured. These
currents can easily be affected by environmental factors
such as light. Therefore, the experimental setup was



established in a dark optical laboratory to protect the
photovoltaic photovoltaic panel from environmental
effects. Measurements were made by focusing an OAM
light spot with topological values of -2, -1, 0, 1 and 2 on
the photovoltaic panel.

Table 1. DC current characteristics of GW Instek GDM-
8245 benchtop digital multimeter [26]

Range Resolution Accuracy

500 uA 0.01 uA +(0.2% + 2)
5mA 0.1 uA +(0.2% + 2)
50 mA 1A +(0.2% + 2)
500 mA 10 uA +(0.2% + 2)
24 100 puA +(0.3% + 2)
204 1mA +(0.3% + 2)

Table 2. Photovoltaic panel features [26]

rate for €54 = +1 was 2.6% and the expected current
decrease for £y = —1 was 4.2% [17]. The results
obtained in this paper clearly show that better results
were obtained for positive OAM values [26].
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Panel Parameters Explanation
Nominal Voltage (VMP) 2V
Nominal Current (IMP) 160 mA
Open Circuit Voltage 24V

Short Circuit Current 190 mA

(1SC)

Photovoltaic Material Monocrystalline Silicon

The aim of this study is to experimentally investigate the
photovoltaic effect of OAM. For this purpose, an OAM
beam was focused on a photovoltaic panel. Our
experimental results showed that the current values of
beams with positive OAM values (£pan = (+)) Were
higher than those of beams with zero OAM values
(Y0am = 0). The current values of beams with negative
OAM values (£oan = (—)) were found to be lower than
those of beams with zero OAM values (£p4y = 0).
These results are consistent with theoretical expectations.
The experimental results are as follows [26]:

Observations show that as the OAM value increases, the
current increases in the positive direction and as the
OAM value decreases, the current decreases in the
negative direction. These results show that it is possible
to transfer the OAM value from a photon to an electron.
The rate of increase relative to zero OAM value was
measured as 9.1% for €, 4y = +1 and 18.2% for £ 4 =
+2. In addition, the current decrease was 3.65% for
Loamy = —1 and 9.1% for £,4, = —2. Theoretical
studies by Watzel et al. showed that the expected increase
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Figure 2. Current results according to OAM values
CONCLUSION

This study aims to experimentally investigate the
electrical effect of an OAM beam spot obtained using
SLM on a semiconductor photovoltaic panel. In
experiments with OAM beams with different topological
values, it was predicted that positive angular momentum
values would increase the current and negative angular
momentum values would cause a decrease in current. The
results obtained support these predictions (Table 3). In
addition, the results, which were compared with similar
theoretical studies, have experimentally demonstrated
the transferability of the OAM value to the electron.
Furthermore, an increase in the topological value of the
OAM beam in the positive direction causes higher
currents to be generated.

Table 3. Comparison of the effect of OAM on a
semiconductor with a theoretical study [26].

The values The theoretical

obtained in this values obtained
study in the compared

study

OAM value #YAM ‘gyAM ‘gyAM fYAM
=41 =-1 =+1 =-1

Increase and (+) ) ) )
Decrease rate %9.1 %3.65 %2.6 %4.2




An OAM beam is a type of beam that can be used to
generate and direct load currents on a semiconductor.
The magnitude and direction of these currents depend on
the topological property of the OAM beam. By changing
this value, the currents can be controlled as Expected. An
OAM beam can also be used to increase the photovoltaic
effect in solar energy production. As the number of OAM
beam spots falling on a solar panel increases, more
electric current is obtained.

To increase the efficiency of photovoltaic panels, usually
the properties of the material are manipulated. However,
in this study, it has been shown that it is also possible to
increase efficiency by manipulating the properties of
light. The current increase obtained with a single OAM
light spot was found to be 9.1%. This rate can be further
increased by increasing the number or OAM value of
OAM light spots.

Various sources are used to meet the energy needs of the
world. One of these is renewable energy. Interest in
renewable energy sources contributes to both reducing
environmental problems and producing lower-cost
energy. Therefore, it is very important to increase the
efficiency of renewable energy sources. This study
reveals how higher currents can be obtained by
manipulating light. It is thought that this study will
contribute to future studies on producing more energy
from sunlight.
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ABSTRACT

Kahramanmarag earthquakes, which occurred on 06 February 2023 at 4.17 (Pazarcik) and 13.24 (Elbistan) local time,
caused very important structural damages in both urban and rural building stock. This paper deals with field
investigations involving structural damages in masonry buildings with heavy earthen roofs after the Kahramanmarag
earthquakes. It also includes location-specific earthquake ground accelerations and response spectra for these
earthquakes. 11 provinces were affected by the earthquakes that occurred on the same day, and more than 300,000
buildings were damaged or collapsed. With the examinations made in rural areas, it has been observed that the
dominant building stock is masonry buildings and these buildings are mostly built using heavy earthen roofs and
wooden beams. Especially in buildings where the wooden beams are not properly connected to the wall, it has been
observed that the roof collapses completely or causes out-of-plane damage to the wall as a result of the large moments
of inertia it creates. As a result, it has been observed that most of the buildings built in rural areas are not built in
accordance with the regulations and are built without any engineering service.
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Kahramanmaras Depremlerinde Agir Toprak Damlarin Yigma Yapilarda Yol Actig
Hasarlarin Arastirilmasi

0Z

06 Subat 2023 yerel saat ile 4.17 (Pazarcik) ve 13.24 (Elbistan) meydana gelen Kahramanmarag depremleri hem
kentsel hem de kirsal yap1 stokunda ¢ok onemli yapisal hasarlara sebep olmustur. Bu makale, meydana gelen
Kahramanmaras depremleri sonrasinda agir toprak damlara sahip yigma binalarda olusan yapisal hasarlari igeren saha
arastirmalarini ele almaktadir. Ayn1 zamanda bu depremler igin il bazli yer ivmeleri ve tepki spektrumlarini
icermektedir. Ayni giin igerisinde meydana gelen depremlerden 11 il etkilenmis ve toplamda 300.000°den fazla bina
hasar gormiis veya ¢okmiistiir. Kirsal bolgelerde yapilan incelemede hakim yapi stokunun yigma bina oldugu ve bu
binalarin genelde agir toprak dam ve ahsap kirisler kullanilarak yapildig1 gézlemlenmistir. Ozellikle ahsap kirislerin
duvara baglantisinin diizgiin yapilmadig1 binalarda ¢atinin tamamen gogtiigii ya da olusturdugu biiyiik atalet kuvvetleri
neticesinde duvarda diizlem dis1 hasara neden oldugu goézlemlenmistir. Sonug olarak, kirsal bolgelerde insa edilen
binalarin ¢ogunun yonetmeliklere uygun yapilmadigi ve herhangi bir mithendislik hizmeti almadan insa edildigi
gozlemlenmistir.

Anahtar Kelimeler: Hasar, Deprem, Agir toprak dam, Kahramanmaras, Yigma yap1

INTRODUCTION aftershocks occurred after these earthquakes. As a result

of both main earthquakes and aftershocks, 11 provinces
Two separate earthquakes occurred at 04:17 and 13:24  were significantly affected. The extent of the destruction
local time on 06 February 2023 in the Pazarcik and  was much greater, especially in the provinces of Hatay,
Elbistan districts of Kahramanmarag province. The  Kahramanmarag, and Adiyaman and their districts.
epicenter of the first earthquake is Pazarcik, the second  These earthquakes have been described as the disaster of
earthquake's epicenter is Elbistan, and the earthquake  the century by causing great economic losses for Turkey,
magnitudes are My=7.7 and My=7.6, respectively. Many  loss of life, and structural damage. The fact that the

45


mailto:favcil@beu.edu.tr

earthquakes occurred in the same region with very short
intervals combined with the soil and structural features
adversely affected the damage levels. In the rural areas
of 11 provinces affected by earthquakes, the dominant
building stock consists of masonry structures.

Masonry structures are generally built by local craftsmen
and workers using local materials, without any
engineering service. The earthquake resistance of such
structures is quite low. Earthen roofs are commonly
preferred as roofs in such structures. Wooden roofs can
be used on earthen roofs in regions exposed to severe
climatic conditions. Heavy earthen roofs can create
additional loads in the structure and cause significant
damage both on the roof and on the load-bearing walls
that form masonry structures [1-4].

It is necessary to examine existing masonry structures,
determine possible earthquake safety, and take
precautions accordingly. Rapid evaluation methods can
be used to make decisions about the existing building
stock [5-7]. Also, there are many studies dealing with the
damage to masonry structures after devastating
earthquakes in countries with high earthquake risk.
Structural damages in masonry structures after
earthquakes such as Bilgin et al. [8] 2019-Albania
earthquake, Isik et al. [9] 2023-Kahramananmarag
earthquake, Hafner et al. [10], and Ademovi¢ et al. [11]
2020-Zagreb earthquake, Karagin et al. [12], Tondo et al.
[13] and Indirli et al. [14] 2009 L'Aquila earthquake,
Goger [15] 2014 Gokgeada earthquake, Furukawa et al.
[16] 2015 Gorkha earthquake, Argiento et al. [17] 2016-
2017 Central Italy earthquake, Dizhur et al. [18] 2010
Darfield earthquake, Celep et al. [19] 2010-Elazig
earthquake, Isik et al. [20], Giinaydin et al. [21], and
Nemutlu et al. [22] 2020-Elazig earthquake were
evaluated in terms of earthquake and civil engineering.
Although heavy earthen roof damages were also
mentioned in some of these studies, specifically heavy
earthen roof damages were not examined. In this study,
the effect of heavy earthen roofs on structural damage
was specifically investigated.

Kahramanmaras earthquakes on 06 February 2023
caused great destruction in many provinces. Earthen
roofs form the roof system commonly used in masonry
buildings, which constitute a large part of the existing
structure stock in rural regions affected by earthquakes.
Due to heavy earthen roofs, different levels of damage
have occurred both on the roof floors and on the load-
bearing masonry walls. In this study, the structural
damages caused by heavy earthen roofs in Hatay,
Kahramanmaras, Adiyaman, and different rural parts of
these provinces after these earthquakes were specifically
examined. Information about the 2023 Kahramanmaras
earthquakes was also given. The part that distinguishes
this study from other studies is the analysis of the study
in terms of heavy earthen roofs, which are very preferred
in rural areas and cause great destruction as a result of
these earthquakes.
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06 FEBRUARY 2023 KAHRAMANMARAS
EARTHQUAKES

Kahramanmaras earthquakes with epicenters in Pazarcik
(4:17 local time, My=7.7) and Elbistan (13:24 local time,
M.,=7.6) affected a total of 11 cities which are Hatay,
Kahramanmaras, Adiyaman, Gaziantep, Malatya,
Adana, Sanlwrfa, Osmaniye, Diyarbakir and Kilis and
Elazig. The depth of the first earthquake with the
Pazarcik epicenter was 8.6 km, while the depth of the
second earthquake with the Elbistan epicenter was 7 km.
More than 100,000 buildings were damaged or destroyed
during the earthquakes that occurred, and more than
50,000 people lost their lives. Some parameters for the 3
stations with the largest PGA values observed in both
earthquakes are given in Table 1. The three components
of the acceleration records of the 6 selected stations are
given in Figures 1 and 2 [23]. As shown in the figures,
for station 4614 in the Kahramanmaras earthquake with
Pazarcik epicenter; the highest ground accelerations
(amax) were measured as 2016.99 cm/s? in the north-south
direction, 2039.20 cm/s? in the east-west direction and
1582.62 cm/s? in the vertical direction, and it is the
station with the highest acceleration record in the first
earthquake. In the Kahramanmaras earthquake with
Elbistan epicenter, the highest ground accelerations for
the station code 4612 were 635.45 cm/s? in the north-
south direction, 523.21 c¢m/s? in the east-west direction
and 494.91 cm/s? in the vertical direction, and it was the
station with the highest acceleration record in the second
main earthquake that took place 9 hours later.

The acceleration response spectrum is a graphic that
visualizes earthquake movements and shows the effect
of earthquake accelerations on the structure according to
periods. Horizontal acceleration spectrum curves with a
5% damping ratio were obtained for 3 directions by using
the wvalues obtained from station 4614 for the
Kahramanmaras earthquake with Pazarcik epicenter and
station 4612 for the second earthquake in Elbistan
(Figure 3). The acceleration response spectrum values in
the first earthquake were higher than the values in the
second earthquake. According to the selected stations, a
steeper and narrower curve was obtained in the first
earthquake, while it had a flatter and wider shape in the
second earthquake. It can be said that the accelerations
increased rapidly in the first earthquake, the structures
were exposed to faster and more severe vibrations, and
the accelerations increased more slowly in the second
earthquake, that is, the structures were exposed to a
lower acceleration for a longer period of time.

It can be said that the accelerations increased rapidly in
the first earthquake, the structures were exposed to faster
and more severe vibrations, and the accelerations
increased more slowly in the second earthquake, that is,
the structures were exposed to a lower acceleration for a
longer period of time.



Table 1. Parameter of February 06, 2023, Kahramanmaras Earthquakes

The earthquake with the epicenter of Pazarcik (4:17 local time, Mw =7.7)

Station Latitude Longitude Depth PGA-N-S PGA-E-W PGA-U-D Region
Code (N) (E) (km) (cm/s?) (cm/s?) (cm/s?)
4614 37.48513 37.29775 8.6 2016.99 2039.20 1582.62 Kahramanmaras-
Pazarcik
3129 36.19117 36.1343 8.6 1351.50 1198.74 716.94 Hatay-Defne
3126 36.2202 36.1375 8.6 1178.12 999.38 921.57 Hatay-Antakya
The earthquake with the epicenter of Elbistan (13:24 local time, Mw=7.6)
Station Latitude Longitude Depth PGA-N-S PGA-E-W PGA-U-D Region
Code (N) (E) (km) (cm/s?) (cm/s?) (cm/s?)
4612 38.02395 36.48187 7 635.45 523.21 494,91 Kahramanmaras-
Goksun
4406 38.34388 37.97378 7 467.20 409.31 318.75 Malatya-Akgadag
4631 37.966325 37.427653 7 337.38 388.61 610.04 Kahramanmaras-
Nurhak
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Figure 1. Three components of ground accelerations for the February 06, 2023, Pazarcik, Kahramanmarag earthquake at a) 4614,
b) 3129, and c) 3126 station [23].
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Figure 2. Three components of ground accelerations for the February 06, 2023, Elbistan, Kahramanmaras earthquake at a) 4612,
b) 4406, and c) 4631 station [23].
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Figure 3. Acceleration Response Spectrum of E-W, N-S, and
U-D components February 06, 2023, Pazarcik and Elbistan
(Kahramanmaras) earthquakes a) for 4614 station, b) for 4612
station

TYPES OF EARTHEN ROOFS and FORMS OF
CONSTRUCTION IN RURAL AREAS

The masonry buildings constructed in rural areas are
commonly formed by combining the building materials
found in the region. However, these structures are built
without material tests and necessary controls. In addition,
it causes the structures not to comply with the standards
required in the design of the connection areas and
therefore not to provide sufficient load transfer. This
means that the masonry structures in these regions do not
show sufficient strength under earthquake forces. 86.7
percent of the buildings in the earthquake zone are
reinforced concrete. 2.4 percent of the buildings are steel,
3.5 percent are masonry, and 3.6 percent are
prefabricated. Although the level of masonry structures,
which is the most problematic category in terms of
earthquake resistance, remains numerically low, it is the
type of structure with the highest damage rate [24].

In the field observations made in rural areas after
earthquakes, it was observed that earthquake damage
occurred according to the construction style of the roofs
and the materials used. The structural members built to
protect the buildings against external influences such as
snow, rain, wind, hot, and cold and to limit the space are
called roofs. Roofs are constructed by using various types
of building materials together.

The climatic conditions of the region where the building
will be built and local construction technologies are
effective factors in deciding the shape and material of
both the structure and the roof to be used in the building
[25]. In addition, elements such as gutters and vertical
pipes are used as complementary roof elements in roof
design [26]. While these elements increase the durability
of the structures against external factors, they also
contribute to the longevity of the structures.

Flat earthen roofs have been widely used as roofs in
masonry structures in rural areas affected by the
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Kahramanmaras earthquakes that occurred on February
06, 2023. In some regions, wooden roof systems were
built on flat earthen roofs. Different types of earthen roof
typologies are shown in Figure 4.

b

Figure 4. Different typologies of constructed earthen roofs; a)
Flat earthen roofs b) Earthen roofs with roof rafters

Earthen roofs built for roof purposes from the earthquake
zone are constructed by going through the following
stages;

¢ Wooden beams are placed in a circular section on the
outer and inner wall tops. Wooden beams are generally
obtained from poplar wood.

¢ Flat veneer boards are placed on the wooden beams
without interruption in order to make the wooden beams
look aesthetically pleasing from the inside and to prevent
the soil material from spilling down. Nails provide the
connection between these two members.

¢ Reeds obtained from the region are placed on the boards
by building them as poles or wickers.

e Local soil laying is done on the reeds. The first layer
consists of mud with chaff. On top of this, the material
obtained with a mixture of clay, salt, and water is laid.

¢ The soil, whose construction is completed in this way,
is left on the roof for 1 or 2 days and then compacted by
logging. The compressed soil is polished over the roof
with the help of a hand roller to ensure fewer voids. In
general, this process takes between 7-15 days. As a result,
a compacted roof cover with a smooth surface is
obtained.

¢ The edges of the flat roof constructed are chamfered,
allowing the precipitation to flow over the roof. In order
to discharge the waters caused by the deflections that
occur over time, a gutter drain is performed in some
regions. On roofs covered with wood, the outer wall is
raised and the edges of the roof are placed on the wall.

o Seasonal periodic maintenance-repair interventions are
carried out. The soil mortars added during these
maintenances bring a plus load to the roof. By
transferring the section with the clayey top layer every 2-
3 years, the excess load is removed and the atmospheric
effects are prevented from penetrating the interior.

The cross-sections of heavy earthen roofs commonly
used in masonry buildings in rural areas and their
representation on a sample structure are shown in Figure
5.
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Figure 5. Examples of earthen roof cross-sections; a) flat
earthen roof b) earthen roof with roof rafter

DAMAGES OBSERVED ON HEAVY EARTHEN
ROOFS DURING THE EARTHQUAKE

Roofs in masonry buildings commonly used in rural
regions are usually built using heavy earthen roofs and
wooden girders. The lower layers are compressed and the
roofs become heavier as a new layer is added to them,
especially when the seasons change. During the
earthquake, heavy earthen roofs caused substantial
damage to both themselves and the load-bearing walls.
[27-30].

As a result of the observations made in rural areas after
the Kahramanmarag earthquakes, the fall down of the
heavy earthen roofs made the structures unusable. Such
heavy earthen roofs, in conjunction with the vertical
acceleration part of the earthquake, push the load-bearing
walls in/out of the plane during the earthquake. Thus,
these walls, which have poor in/out-of-plane stiffness and
insufficient connection to the roof, are unable to transfer
the load appropriately, suffer an abrupt loss of strength,
and collapse together with the roof. In buildings with
lightweight cover or metal material on the roof and used
for warehouses/barns etc., the collapse was relatively
less. Completely collapsed earthen roofs are shown in
Figure 6.
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Figure 6. Examples of completely collapsed earthen roofs

It has been researched that heavy earthen roofs increase
the lateral forces by 10-15% during the earthquake [31]
and due to collapses on weak roofs, it has seriously
damaged the load-bearing walls. The area's hefty clay
roofs were constructed from wooden logs and a
substantial coating of soil. Due to the impact of climatic
and environmental factors, earthen roofs are compacted
by adding new soil layers each season to protect them
from rain and melting snow. As a result, the already-
heavy clay roof becomes even heavier, which causes the
walls to be forced in and out during the earthquake with
considerable force and causes the walls on the building's
vulnerable side to fall. In the examinations made in rural
areas after the Kahramanmaras earthquakes, it was
observed that the roof collapsed due to the earthquake
and the walls displayed out-of-plane failure (Figure 7).
Another damage observed in structures with heavy
earthen roofs is the partial collapse of the roofs (Figure
8).

In structures with heavy earthen roofs, the collapse of a
part of the roof forced the wall on the collapsed side to
out-of-plane behavior and it was observed that the wall
in that area also collapsed (Figure 9).



roofs

Figure 9. Load-bearing wall damages due to partial collapse of
heavy earthen roofs
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Wooden beams are positioned at specific intervals on the
underside of the soil layer in buildings with earthen roofs.
The aged wooden logs are gradually replaced by fresh
ones. The wooden girders, which are subjected to heavier
loads during earthquakes and wear out over time,
reducing their bearing capacity, are unable to handle the
additional horizontal load and are prone to varying
degrees of damage as a result of the increased roof mass.
Furthermore, increased loads will harm beams that are
not properly supported on the roof and load-bearing
walls, perhaps causing them to perform at levels that
would cause a collapse. Examples of such damage are
shown in Figure 10.

Figure 10. Damages due to insufficient support of wooden
beams on heavy earthen roofs

Examples of damage to structures that were forced by the
additional forces from heavy earthen roofs but did not
reach the collapse mechanism are shown in Figure 11.
The reason for this is that the wooden beams are well
supported on the walls they sit on, but with the addition
of a new soil layer to the building during the season
transitions (with the additional roof load), deflections
have occurred due to the insufficient size of the wooden
beams.

Figure 11. Examples of wooden beams forced to collapse

Heavy earthen roofs in the earthquake zone are
constructed in two different ways. Examples of cracking



and partial collapse damage occurring on flat heavy
earthen roofs are shown in Figure 12.

Figure 12. Example of the structural damage on flat earthen
roofs

Another application used in the earthquake zone is to
build wooden roof rafters on heavy earthen roofs.
Different levels of damage have occurred on earthen
roofs in such structural systems (Figure 13).

Figure 13. Examples of damage to earthen roofs with wooden
roof rafters

In some masonry structures, reinforced concrete bond
beams are used under the earthen roofs. The lack of
sufficient interlocking between this bond beam and the
earthen roofs and insufficient reinforced concrete
strength, which was built without any engineering
service, caused damages. An example of this type of
damage is shown in Figure 14.
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Figure 14. Structural damage despite the use of reinforced
concrete bond beams

In the examinations carried out in the region, samples of
heavy earthen roofs that were not damaged at all were
also found. Examples of heavy earthen roofs that have
never been damaged are shown in Figure 15.
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Figure 15. Example of heavy earthen roof with no damage

The schematic representation of the structural damage
caused by heavy earthen roofs as a result of the field
investigations is given in Figure 16.

It has been compared within the framework of the rules
in the last two earthquake regulations used in Turkey
regarding the slab made in masonry structures. The rules
regarding the slab in the 2007 Earthquake Code are as
follows;

oThe slabs of masonry structures will be RC slabs or
ribbed slabs with dimensions and reinforcements
designed according to the rules in TS-500.

e The masonry buildings whose slabs do not comply with
the above rule will be constructed in all earthquake zones,
with a maximum of two floors, if any, without counting
the basement. In such buildings, the horizontal bond
beams under the slabs will be made according to the
criteria given in the regulation. Buildings with adobe



walls, on the other hand, will be built with at most one
storey without counting the basement.

c d

Figure 16. Schematic representation of structural damage
observed in heavy earthen roofs. a) Undamaged masonry
structure b) Heavy earthen roof damage and resulting damage
to walls c) Insufficient support in wooden beams and forced to
collapse d) Complete collapse

eRoofs of masonry structures can be made as reinforced
concrete terrace roofs and wooden or steel roofs.

e The connections of the wooden roof equipment with the
horizontal bond beams on the floor and load-bearing
walls will be made according to the rules given in TS-
2510 (Figure 17).

o If the height of the roof wall sitting on the horizontal
bond beam on the top floor is greater than 2.0 m, vertical
and inclined beams should be made.

¢ Roofs of adobe masonry buildings will be made as light
as possible, with eaves that exceed the outer walls by 500
mm at most.

¢ No earthen roof will be built in the first and second-
degree earthquake zones. In the third and fourth-degree
earthquake zones, the soil cover thickness of the earthen
roof cannot be greater than 150 mm. Roofs of adobe
structures can be made as wooden trusses or reinforced
concrete slabs.

RCBeam

Figure 17. Roof, horizontal, and vertical bond beams.

In the currently used Turkish Building Earthquake Code
(TBEC-2018) [32], the construction of earthen roofs is
strictly prohibited. In this situation;
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* Reinforced concrete slabs with a thickness of at least
100 mm will be made to provide the rigid diaphragm
effect in unreinforced masonry buildings, reinforced
masonry buildings, and confined masonry buildings.
These slabs should be supported on horizontal bond
beams with a cross-section height of at least 300 mm and
with 6912 longitudinal, ©8/150 mm transverse
reinforcements. The width of the horizontal bond beams
will be at least as much as the wall thickness. The vertical
spacing of the horizontal bond beams shall not exceed 4
m.

While it was stipulated in the previous regulation that
heavy earthen roofs should not be built only in 1st and
2nd-degree earthquake zones, it was stated that earthen
roofs could be built in other earthquake zones. However,
heavy earthen roof is prohibited with the current
regulation.

Within the scope of this study, the roofing detail
proposed by the authors in a way that does not remove
the aesthetically old appearance is shown in Figure 18.

15-20 cm Salt-fortified Mud Mortar

2 mm Geomembrane Waterproofing

10 cm RC Slab

3 mm Plastomer (APP) Modified Bitumen Waterproof Membrar
3 cm Wooden Rafter
020 cm Wooden Beam

| EiMasonry Wall

\//
020 cm Wooden Beams

Figure 18. Recommended roof slab section

Buildings can be modeled using the finite element
method to obtain information about their structural
behavior. [33-36]. In order to make comparisons between
building behaviors, the traditional roof system and the
roof system suggested by the authors can be modeled
with the finite element method in future studies.

CONCLUSIONS

Within the scope of this study, structural damages in
heavy earthen roofs, which are commonly used in
masonry structures, due to the Kahramanmaras
earthquakes that occurred on February 06, 2023, at 9-
hour intervals were investigated.

Earthen roofs, which are already heavy in masonry
structures that do not receive any engineering service,
become even heavier with additional soil due to
maintenance and repairs during seasonal transitions.
Heavier earthen roofs create additional seismic forces
and cause structural damage at different levels. In
buildings with heavy earthen roofs, the rate of destruction
is higher when the use of low-strength materials, the
inability to provide the necessary and sufficient
connection between the walls, and the excessive number



of doors and windows openings. Although it is
completely prohibited by the latest -earthquake
regulation, it is still used in some regions. In this context,
the building control mechanism should also be
implemented in rural areas. Currently, building
inspection operates only for urban buildings. For all
kinds of buildings to be built in rural areas, building
inspection should be made effective from the design
stage to the start of operation. Therefore, if there is any
structural damage to the heavy earthen roof structures
commonly used in rural areas, demolition of these
structures should be recommended.

Generally, the damages that occur in heavy earthen roofs,
the construction of masonry structures without any
engineering service, the high self-weight of earthen
roofs, an additional weight due to maintenance and
repairs in seasonal transitions, not using horizontal
reinforced concrete bond beams on load-bearing walls,
insufficient support between the load-bearing wall and
roof slab, the errors in determining the size and spacing
of wooden beams, and aging of wooden beams over time
can be listed.
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ABSTRACT

In this study, we investigated two magnetic conjugate pairs over the African region during the geomagnetic storm of
August 25-26, 2018. The effects of geomagnetic conditions, represented by the Dst index and IMF Bz values, on the
Total Electron Content (TEC) values at the conjugate stations were compared for stormy and quiet periods. During
the storm period, the effect of the TEC values at the stations in the northern hemisphere on the TEC values at the
stations in the southern hemisphere is greater than the effect of the TEC values in the southern hemisphere on the TEC
values in the northern hemisphere. According to this result, it can be said that the southward electromagnetic
convection was more than the northward convection during the dates examined. When the coefficients are analyzed,
it can be said that the interaction is higher in the magnetic conjugate pair closer to the equator during the storm period,
while the interaction is higher in the magnetic conjugate pair farther from the equator during the quiet period. When
the coefficients calculated for Dst and IMF Bz are considered, it is seen that the TEC values are very small compared
to their coefficients. It can be concluded that the effect of Dst and IMF Bz is much smaller than the effect of TEC
values at a station on TEC values at its magnetic conjugates.

Keywords: lonosphere, Autoregressive Distributed Lag, magnetic conjugate pairs, Total Electron Content,
geomagnetic storm

25-26 Agustos 2018 Jeomanyetik Firtina Sirasinda Afrika Bolgesi Uzerindeki Manyetik
Eslenik Ciftleri Uzerindeki TEC Degisikliklerinin Incelenmesi

(074

Bu calismada, 25-26 Agustos 2018 jeomanyetik firtinasi sirasinda, Afrika bolgesi tizerinde iki manyetik eslenik ¢ifti
incelendi. Dst indeksi ve IMF Bz degerleri ile sunulan jeomanyetik kosullarin, eslenik istasyonlardaki Toplam
Elektron Icerigi (TEC) degerleri iizerindeki etkileri firtnali ve sessiz donemler igin karsilastirilmistir. Firtina
doneminde kuzey yarimkiiredeki istasyonlardaki TEC degerlerinin giiney yarimkiiredeki istasyonlardaki TEC
degerlerine etkisi, giiney yarimkiiredeki TEC degerlerinin kuzey yarimkiiredeki TEC degerlerine etkisinden daha
fazladir. Bu sonuca gore incelenen tarihlerde giiney yonlii elektromanyetik taginimin kuzey yonlii tasinimdan daha
fazla oldugu sdylenebilir. Katsayilar incelendiginde firtina doneminde ekvatora daha yakin olan manyetik eslenik
ciftinde etkilesimin daha fazla oldugu, sessiz donemde ise ekvatora uzak olan manyetik eslenik ciftinde etkilesimin
daha fazla oldugu sdylenebilir. Dst ve IMF Bz igin hesaplanan katsayilar dikkate alindiginda TEC degerlerinin
katsayilarina gore cok kiigiik oldugu goriilmektedir. Buradan Dst ve IMF Bz'nin etkisinin, bir istasyondaki TEC
degerlerinin, manyetik esleniklerindeki TEC degerleri iizerindeki etkisinden ¢ok daha kiigiik oldugu sonucuna
varilabilir.

Anahtar Kelimeler: fyonosfer, Otoregresif Dagitilmis Gecikme, Manyetik Eslenik noktalar, Toplam Elektron Icerigi,
Jeomanyetik Firtina

INTRODUCTION minor storm. The August 26, 2018 space weather event
is known as the largest storm at the minimum phase of
Ninety percentage of intense geomagnetic storms (Dst<-  24th solar cycle, after two major geomagnetic storms in
100 nT) are caused by the effect of Coronal Mass 2015 [5]. This storm has been studied with different
Ejections (CME) [1, 2]. The major source of strong space  aspects in many studies [6-8]. Storms are closely related
weather irregularities occurring on Earth is considered to  to physical processes in the ionosphere [9].
be CME [3, 4]. The slow-moving CME that occurred on  The effects of geomagnetic storms on the ionosphere can
August 20, 2018, appeared to have turned into a large  significantly change parameters such as electron density
geomagnetic storm, although it was expected to cause a  and Total Electron Content (TEC) [10]. During the storm,
55


mailto:s.korlaelci@alparslan.edu.tr

vertical plasma drift occurs in the equatorial ionosphere
due to changes in the electric field. When the field is
eastward it causes strong plasma drift. When the
electrical field is westward it causes weak plasma drift.
That is, eastward plasma drift increases the irregularities,
while westward drift decreases it [11, 12]. The proof of
the formation of ionospheric irregularities is also
expressed as rapid decrease in TEC values [13]. TEC is
the number of electrons in a cylinder of unit cross section
along the signal path between a satellite and its receiver.
The unit of TEC is TECU and 1 TECU is 10
electrons/m? [14].

The special electrodynamic processes such as the
equatorial ionization anomaly (EIA), the Post Sunset
Rise (PSSR), the Rayleigh—Taylor instability (RTI), and
Equatorial Plasma Bubbles (EPBs) is effected to
equatorial ionosphere [15, 16]. These electrodynamic
processes cause increased ionization in the equatorial
region (about £+ 15 degrees of the magnetic equator)[12,
17]. Another process that affects the ionization process is
the connection between the ionospheric magnetic
conjugate points formed by the high electrical
conductivity in the geomagnetic field. This connection
causes ionospheric changes at the conjugate points [18].
In the magnetosphere-ionosphere system, intense electric
fields and currents are always excited and their effects are
global. These effects, which are also caused by
geomagnetic storms, occur simultaneously in the polar
regions and spread to the equator [19]. Hanson (1963)
first proposed the possibility of photoelectron transfer
between magnetic conjugate points. Unlike charged
thermal energy particles, photoelectrons can establish a
direct link between their magnetic conjugate regions
[20]. Since then the relationship between magnetic
conjugate points has been studied by many researchers
[21-28].

Significant progress has been made in identifying sources
of irregularities in TEC, such as coronal mass ejection,
galactic and cosmic rays, earthquakes, volcanoes,
typhoons [29-32]. However, there is still a need to
increase the measurement accuracy rate even further. In
this context, the interaction of TEC measurements
obtained between magnetic conjugate points should be
considered. In this study, the relationship between TEC
measurements obtained from two pairs of magnetic
conjugate GPS (Global Positioning System) stations in
the African low latitude region was examined for the
August 26, 2018, geomagnetic storm and calm
conditions. In addition, the interaction rates obtained in
this study were compared with the Dst index, which is the
main indicator of the changes in the geomagnetic field in
the equatorial region, and the effect of the z-direction
component of the interplanetary magnetic field (IMF Bz).

MATERIAL and METHOD

In the present study, two magnetic conjugate pairs were
identified to investigate the ionospheric TEC changes in
the African region. These pairs are Haifa (32.77° N,
35.02° E)- Ambalavao (21.90° S,46.79° E) and Djibouti

(11.52° N, 42.84° E)-Malindi (2.99° S, 40.19° E) and their
geographic locations are shown in Figure 1. Their
geographic and geomagnetic coordinates are given in
Table 1 and were obtained from the World Data Center
for Geomagnetism (http://wdc.kugi.kyoto-
u.ac.jp/igrf/lgggm/).The GPS receiver data for these
stations are obtained from (https://network.igs.org/) of
the IGS for the period of 1-7 August 2018 and 25-31
August 2018, in Receiver INdependent EXchange
(RINEX) format. These data were converted to 30-
second VTEC data by the IONOLAB-TEC/STEC
software on the lonospheric Research Laboratory
(IONOLAB) (http://www.ionolab.org/) [33-35].

Equator——= T3

Ambalavao
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Figure 1: Geographic coordinates of two different magnetic
conjugate pairs over the African region.

Table 1: Geographic and geomagnetic coordinates of the
stations where TEC data was obtained.

. Geographic Geomagnetic
Station Coordinates Coordinates
Name Latitude Longitude Latitude Longitude
Haifa 32.77°N  35.02°E  29.78°N  113.16°E
Ambalavao 21.90°S  46.79°E  26.84°S  116.06°E
Djibouti 11.52° N 42.84°E 7.49°N 117.50° E
Malindi 2.99°S 40.19°E 7.28°S  112.13°E
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The time for the geomagnetic storm period, the date
range from 25-31 August 2018 was chosen. To determine
the geomagnetic storm period, Dst, Kp values which are
the indicators of the changes in the geomagnetic field,
and IMF Bz values, which is the z component of the
interplanetary magnetic field, were obtained from the
NASA Space Physics Data Facility
(SPDF)(https://omniweb.gsfc.nasa.gov/form/dx1.html).



The main phase of the storm (26 August 2018) was
determined by considering the maximum changes in
these indices. The storm period was determined as the
date range (25-31 August 2018) covering three days
before and after the main phase. The time frame for the
quiet period, the date range from 1-7 August 2018 was
chosen. The temporal changes in IMF Bz and
geomagnetic indices for these periods are given in Figure
2.

The positive values of Dst, which indicates the initial
phase of the geomagnetic storm, started at 03:00 UT on
August 25 and continued until 17:00 UT. During this
time, the IMF Bz value changed from 0.4 nT to -6.3 nT,
and the Kp value changed from 1.0 to 1.7. Then, the main
phase of the storm, which started at about 18:00 on
August 25, ended at 06:00 UT on August 26. During the
main phase, the Dst value reached a maximum of -175
nT. During this period, the IMF Bz value changed from -
8.9 nT to-12.7 nT, and the Kp value changed from 3.7 to
7.3. It is seen that the storm's return phase started from
approximately 06:00 UT on August 26. All these results
represent a geomagnetic storm process [36, 37]. Dst
value varies between -10 and 19 nT, and Kp value varies
between 0 and 3 in the date range of 1-7 August 2018,
which we have determined as the quiet period.
Considering, Kp < 3; the Dst < -50 nT values for quiet
period as a reference, it is compatible with the literature
[38, 39].
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Figure 2: Temporal changes of IMF Bz, Kp index, and Dst

indices during 1-31 August 2018. The black dashed vertical
lines in the figure represent the quiet period range. The blue
vertical dashed line represents the maximum storm time and the
blue vertical lines the storm period.

The Autoregressive Distributed Lag (ARDL) approach
developed by Pesaran et al. (2001) was used to examine
the relationship between the variables [40]. When the
variables are integrated of different order (I (0) or I (1)),
the cointegration relationship between the variables can
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be analyzed with the ARDL method (See, for example,).
Therefore, the ARDL estimation technique is one of the
most appropriate when the integration order of the
variables is different. Moreover, according to Pesaran
and Shin (1999), the ARDL technique produces
consistent results in the case of autocorrelation and
endogeneity problems [40, 41].

AY, =yo + X1 VidY + X AKX + @1V q +
QX1 T & 1)

Y, and X, are the dependent and independet variables,

respectively. Yo, Vi, 0, @1, @ are the coefficient of
the variables. The significance of the lagged variables in
Eqg. (1) is determined by the F test. However, the
asymptotic distribution of the F-statistics is non-standard.
Therefore, the critical values produced by Pesaran et al.
(2001) are used. The cointegration relationship between the
variables in Eq. (1) is determined by testing a; =a, =0
hypotheses. Following the estimation of Eq. (1) with the
ARDL method, the joint significance of the a; and a,,
coefficients are tested using the F test statistic. The
variables are cointegrated if the calculated F statistic is
greater than the critical upper bound. If the F value is less
than the critical lower bound, it means that there is no
cointegration among the underlying variables. If the
calculated F statistics fall between the lower and upper
bounds, it is inconclusive. Hence, no decision can be
made by using the bound test.

The ARDL model, which is a powerful statistical model,
was applied to reveal how much any magnetic conjugate
point is affected by the other magnetic conjugate point
and by the geomagnetic index (Dst) and IMF B,. The
ARDL model is a linear time series model in which both
dependent and independent variables have a relationship,
in which the lagged and level values are integrated.
Time series must be stationary to be analyzed
statistically. The unit root test determines whether the
series in a data set are stationary. If the series are
stationary, that is, it has no unit root, it has a finite
variance. In this study, stationarity analysis was
performed by two different unit root tests (Augmented
Dickey-Fuller (ADF) and Phillips-Perron (PP)), which
are widely used [42-44]. The equation has been
formulated as follows.

AYt H+B+6Yt 1+Z la]AYt]+8t (2)
where Y, is the variable under stationary test, A is the
difference operator, p, f, 6 and o are the equation
coefficients, t is a time trend, & is the error term, and k

is the optimal lag length.
RESULTS and DISCUSSION
The interaction rates of TEC values at conjugate stations

and the interaction rates from solar and geomagnetic
indices for two magnetic conjugate pairs selected over



the African region were examined by the statistical
ARDL model in this study. In this model, the stationarity
of dependent and independent variables was analyzed
first. The unit root test results of the dependent variable
(TEC) and independent variables (Dst and IMF Bz) data
in the analyses are given in Table 2. If the absolute value
of the coefficients of the variables given in this table is
greater than the MacKinnon (1996) critical values in
Table 2 and the probability value in the parentheses is

significant, it is stationary according to the unit root test
[45]. For example, the ADF unit root coefficient in Haifa
TEC's Quiet Days is -5.50 and its probability value is

Table 2: Unit Root Test results

(0.0000). The absolute value of this number is higher
than the MacKinnon (1996) critical values (-4.09, -3.47,
-3.16) and the probability value is less than 0.01. In this
case, it is stated that the Haifa TEC values are stationary
at 1% (this ratio is expressed with an * sign). If the
probability value is not significant at the level, the first
difference is checked and if it is not significant, it is
concluded that the data set is not suitable for analysis.
According to the results in the table, it is seen that the
variables in the data set were stationary at the level or the
first difference.

. Quiet Days Storm Days
Variables ADF PP ADF PP
Haifa TEC -5.50 -3.88 -4.94 -3.19
(Probability) (0.0000)* (0.0028)* (0.0001)* (0.0230)*
Ambalavao TEC -7.28 -3.61 -3.93 -3.01
(Probability) (0.0000)* (0.0066)* (0.0024)* (0.0365)*
Djibouti TEC -8.46 -3.94 -8.46 -3.80
E (Probability) (0.0000)* (0.0123)** (0.0000)* (0.0035)*
g Malindi TEC -6.13 -3.82 6.77 -3.80
(Probability) (0.0000)* (0.0176)** (0.0000)* (0.0035)*
Dst -4.14 -3.16 -2.30 -2.15
(Probability) (0.0011)* (0.0242)** (0.1727) (0.2243)
IMF B, 5.21 -5.23 -3.08 -3.69
(Probability) (0.0000)* (0.0000)* (0.0298)** (0.0051)
Haifa TEC -5.99 -6.49 -3.68 -7.03
(Probability) (0.0000)* (0.0000)* (0.0055)* (0.0000)*
Ambalavao TEC -5.02 -6.57 -5.72 -5.47
@ (Probability) (0.0000)* (0.0000)* (0.0000)* (0.0000)*
g Djibouti TEC -8.73 -7.45 -0.03 -8.16
& (Probability) (0.0000)* (0.0000)* (0.0000)* (0.0000)*
a Malindi TEC -5.73 -5.76 -6.22 -6.30
Iz (Probability) (0.0000)* (0.0000)* (0.0000)* (0.0000)*
i Dst -9.82 -10.71 -6.73 -6.74
(Probability) (0.0000)* (0.0000)* (0.0000)* (0.0000)*
IMF B, -14.41 -23.65 -5.96 -13.41
(Probability) (0.0000)* (0.0000)* (0.0000)* (0.0000)*
ADF PP The level of significance
c E
g5 ., -4.09 -4.08 1%
g5 s
EEES -3.47 -3.47 5%
=g
-3.16 -3.16 10%

(*), (**), (***) indicate 1%, 5% and 10% significance levels, respectively. Considered according to MacKinnon (1996).

Transports between magnetic conjugate points occur
through electromagnetic processes [19]. This movement
may be from the Northern Hemisphere to the Southern
Hemisphere, or it may be in the opposite direction. For
this reason, the TEC value at each station was evaluated
separately as the dependent variable to see the effect of
bidirectional transport in magnetic conjugate pairs.

Haifa-Ambalavao Magnetic Conjugate Pair

The regression analysis equation, which is also used in
many ionospheric studies, was used to examine the TEC
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changes of the Haifa - Ambalavao magnetic conjugate
pair during the storm period (25-31 Aug 2018) [46, 50].
This equation returns the result of the relationship
between the variables as a coefficient. Accordingly, the
regression equations for the two stations during the storm
period are given as follows.

(TECHaifa) = g + 01 (TECampalavao) + o2(Dst) +

a3 (IMFB,) + ¢ 3



(TECambalavao) = Bo + B1(TECyaifa) + B2(Dst) +
B3(IMF B,) + ¢ 4)

For the quiet period on 1-7 Aug 2018, the interaction of
the magnetic conjugate points with each other was
examined. The equations for the quiet period are as
follows.

(TECHaifa) = g + a1 (TECampalavao) + &2 (Dst) +
az(IMFB,) + ¢ )

(TECambalavao) = Bo + B1(TECHaifa) + B2(Dst) +
Bs(IMFB,) + ¢ (6)

where (oo, Bo) denotes the regression
constant oy, o, a3 81, B2, and B3, regression coefficients

and € the error term. The existence of the relationship
between the dependent and independent variables was
examined by the ARDL bounds test approach. The
validity of the test for the model under consideration was
made by calculating the F-statistics and by comparing the
Pesaran et al. (2001) critical values. The F-statistics
values obtained for equations (3), (4), (5), and (6) were
found to be at a significance level of 1% according to the
Pesaran et al. (2001) critical values. In this situation, it is
understood that the F statistical values given in the Table
3 are greater than the Pesaran et al. (2001) critical values.
This result shows that the statistical expressions
established by equations (3), (4), (5) and (6) are
meaningful.

Table 3: ARDL F-Bounds Test Results of Haifa-Ambalavao magnetic pair

Equation 3 Equation 4 Equation 5 Equation 6

F-statistic (7.70)*

(7.86)*

(8.77)*  (16.82)*

Pesaran et al. (2001) critical values

Signif.

1(0) I(1)

10%
5%
2.5%
1%

3.03
3.47
3.89

4.06
4.57
5.07
5.72

Critical values were taken from Pesaran et al. (2001), from Table ClI (iii). (*) indicates 1% significance level.

Assumption tests were performed to examine the fit of
the model. Diagnostic tests are essential for consistent
results. For example, the relationship between the error
terms reveals the existence of autocorrelation. In the case
ofautocorrelation, least squares estimators of parameters
are unbiased and consistent, but ineffective. Similarly, in
the case of heteroscedasticity, the minimum variance
property of the parameters is no longer valid. If
heteroscedasticity exists, the estimation efficiency
decreases. As a rule of thumb, if the probability value of
the diagnostic tests is greater than 0.05, which is a
commonly used confidence level in statistics, the desired
properties are valid. The results of the various diagnostic
tests are shown in Table 4. The coefficient of the

diagnostics test varies depending on the number of
observations, the number of explanatory variables, and
the significance level. First, the Ramsey-Reset test
confirms that the functional form used for the estimations
is accurate. Second, the result of the Breusch-Godfrey
LM test shows that serial correlation is not present in our
estimations. Third, the result of the Jarque-Berra test
statistic shows that the residuals are normally distributed.
Fourth, Breusch-Pagan-Godfrey test results validate
those residuals are homoscedastic. Last, CUSUM and
CUSUMQ (Cumulative sum and cumulative sum of
squares) tests confirm the stability property of the
models.

Table 4: Hypothesis tests of the Haifa — Ambalavao magnetic conjugate pair.

Equation 3 Equation 4 Equation 5 Equation 6

F-Statistic (prob.) F-Statistic ~ (prob.) F-Statistic ~ (prob.) F-Statistic ~ (prob.)
Breusch-
Godfrey LM 0.44 0.64 0.42 0.66 1.32 0.27 1.84 0.16
Test
Jarque-Bera 3.67 0.15 131 0.51 0.48 0.78 0.11 0.94
Test
Breusch-Pagan- 0.54 0.92 1.04 0.41 0.85 0.69 1.25 0.20
Godfrey
Ramsey 0.42 0.67 1.99 0.16 0.01 0.91 2.85 0.09
Cusum stable stable stable stable stable stable stable stable
Cusumq stable stable stable stable stable stable stable stable




According to these test results, the ARDL model to be
applied to the equations was found to be appropriate. The
results of the ARDL model are given in Table 5. When
the coefficient values for Eq. (3) are investigated, a
change of 1% in the TEC value at the Ambalavao station
causes an increase of 0.414% in the TEC value at the
Haifa station, which is the magnetic conjugate point. A 1
nT change in Dst and IMF Bz causes a decrease of 0.003
TECU / an increase of 0.028 TECU in the TEC value at
the Haifa station, respectively. In addition, the coefficient
of error correction term of -0.25 indicates that the effect
of TEC change at Haifa station will stabilize at a rate of
25% every hour starting from the first hour.

When the coefficient values for Eq. (4) were investigated,
a change of 1% in the TEC value at the Haifa station
causes an increase of 0.611% in the TEC value at the
Ambalavao station, which is the magnetic conjugate
point. A change of 1 nT in the Dst and IMF Bz index
causes a decrease of 0.015 TECU / an increase of 0.036
TECU in TEC at Ambalavao station, respectively. In
addition, the coefficient of error correction term of -0.37
indicates that the effect of TEC change at Ambalavao

station will stabilize at a rate of 37% every hour starting
from the first hour.

When the coefficient values for Eq. (5) were investigated,
a change of 1 % in the TEC value at Ambalavao station
causes a decrease of 2.85% in the TEC value at Haifa
station, which is the magnetic conjugate point. A change
of 1 nT in the Dst index causes a decrease of 0.006 TECU
in the TEC value at the Haifa station. Since the
probability value (>0.05) in IMF Bz is insignificant, no
statistical result can be said for this coefficient. The
coefficient of error correction term of -0.29 shows that
the effect of TEC change in Haifa station will stabilize at
a rate of 29% every hour starting from the first hour.
When we look at the coefficient values for Eq. (6), a
change of 1% in the TEC value at the Haifa station causes
an increase of 10.05% in the TEC value at the Ambalavao
station, which is the magnetic conjugate point. Since the
probability value (>0.05) in the Dst index and IMF Bz is
insignificant, an evaluation cannot be made for these
coefficients. In addition, the coefficient of error
correction term of -0.30 shows that the effect of TEC
change at Ambalavao station will stabilize at a rate of
30% every hour starting from the first hour.

Table 5: Equation coefficients in ARDL model of Haifa — Ambalavao magnetic conjugate pair.

Equation 3 Equation 4
Variable Coefficient Prob. Variable Coefficient Prob.
Ambalavao TEC 0.414 (0.000)* Haifa TEC 0.411 (0.000)*
Dst -0.003 (0.058)*** Dst -0.015 (0.023)**
IMF B; 0.028 (0.061)*** IMF B; 0.036 (0.052)***
CointEq(-1) -0.25 (0.000)* CointEq(-1) -0.37 (0.000)*
Equation 5 Equation 6
Coefficient Prob. Coefficient Prob.
Ambalavao TEC -2.85 (0.004)* Haifa TEC 10.05 (0.001)*
Dst -0.006 (0.036)** Dst 0.002 (0.66)
IMF B; -0.010 (0.39) IMF B: -0.018 (0.35)
CointEq(-1) -0.29 (0.000)* CointEq(-1) -0.30 (0.000)*

Critical values were taken from Pesaran et al. (2001), from Table CI (iii). (*) indicates 1% significance level.

Djibouti-Malindi Magnetic Conjugate Pair

The regression equations established to examine the TEC
changes of the Djibouti-Malindi magnetic conjugate pair
during the storm period (25-31 Aug 2018) are given
below:

(TECpjibouti) = &g + &1 (TECpmalingi) + a2(Dst) +

az(IMFB,) + ¢ @)
(TECmatingi) = Bo + B1(TECpjipouti) + B2(Dst) +
B3(IMFB,) + ¢ (8)
(TECpjibouti) = o + &1 (TECpmatingi) + a2(Dst) +
as(IMF B,) + ¢ ©)
(TECwmatingi) = Bo + B1(TECpjipouti) + B2(Dst) +
B3(IMFB,) + ¢ (120)
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When the F-statistics values obtained for equations (7),
(8), (9), and (10) were compared with the critical values
in Table 6, the significance level was found to be at a
significance level of 1%. This result shows that there is a
relationship between the variables in equations (7), (8),
(9), and (10).

The regression equations that indicate the interaction of
the same magnetic conjugate points with each other
during the calm period on 1-7 Aug 2018 are as follows:

Then, assumption tests were performed to examine the fit
of the model. The results of the assumption tests were
shown in Table 7. When the results obtained were
examined, the accuracy of these test results, like the
assumption tests in the previous magnetic conjugate pair,
was found to be > 0.05 in the table (prob.). Again,
according to the results of the CUSUM and CUSUMQ
tests, it was seen that the coefficients were stable, and the
model was stable during the estimation period.



Table 6: ARDL F-Bounds Test Results of Dijibuti-Malindi magnetic pair

Equation 7 Equation 8 Equation 9 Equation 10

F-statistic ~ (13.48)* (10.51)* (11.45)*  (6.64)*
Pesaran vd. (2001) critical values

Signif. 10) I(1)
10% 3.03 4.06
5% 3.47 457

2.5% 3.89 5.07
1% 4.4 5.72

Critical values were taken from Pesaran et al. (2001), from Table ClI (iii). (*) indicates 1% significance level.

Table 7: Hypothesis tests of the Djibouti-Malindi magnetic conjugate pair.

Equation 7 Equation 8 Equation 9 Equation 10
F-Statistic (prob.) F-Statistic (prob.) F-Statistic (prob.) F-Statistic (prob.)
Breusch-
Godfrey LM 0.58 0.55 0.61 0.54 0.29 0.74 1.93 0.14

Test (SERIAL)
Jarque-Bera

Test 1.94 0.37 5.30 0.07 1.85 0.39 5.66 0.06
(NORMALITY)
Breusch-Pagan-

1.57 0.07 1.17 0.09 0.58 0.86 1.13 0.34
Godfrey
Ramsey 0.15 0.87 0.86 0.38 0.14 0.70 0.63 0.52
Cusum stable stable stable stable stable stable stable stable
Cusumq stable stable stable stable stable stable stable stable

Table 8 shows the results obtained by the ARDL model  dynamo effect is observed between the conjugate points.
for the Djibouti-Malindi magnetic conjugate pair. When  Together with the dynamo effect, there is a gradual
the coefficient values for equation (7) are examined, a  difference in electrical potentials between the conjugate
change of 1% in the TEC value at the Malindi station  points. This potential difference is balanced by field-
causes a decrease of 0.57% in the TEC value at the aligned currents occurred between the northern
Djibouti station. Since the Dst index and IMF B, (prob.)  hemisphere and the southern hemisphere [50, 51]. The
were >0.05, it was seen that there was no meaningful  results obtained for interaction between Djibouti TEC-
relationship. The coefficient of error correction term of - Malindi TEC, and Ambalavao TEC-Haifa TEC can be
0.59 shows that the effect of TEC change at Djibouti  explained by the mechanism proposed in Yamazaki
station will stabilize at a rate of 59% per hour starting  (2017).

from the first hour.

When the coefficient values for Eq. (8) are examined,a CONCLUSIONS

change of 1% in the TEC value at the Djibouti station

causes an increase of 9.69% in the TEC value at the The interactions of the TEC changes at two magnetic
Malindi station. Again, there was no meaningful conjugate pairs in Africa during the storm period (August
relationship because the Dst index and IMF B, (prob.)  25-31, 2018) including the geomagnetic storm on August
were >0.05. In addition, the coefficient of error 26,2018, and during the quiet period (August 1-7, 2018)
correction term of -0.32 shows that the effect of TEC  were examined and the effect of the geomagnetic Dst and
change at Malindi station will stabilize at a rate of 32%  IMF B, index on these changes were compared.

per hour starting from the first hour. During the storm period, the effect of TEC values at
When the coefficient values for Eq. (9) are examined, a  stations in the northern hemisphere (Haifa and Djibouti)
change of 1% in TEC value at Malindi station causes a on TEC values at stations in the southern hemisphere
decrease of 1.02% in TEC value at Djibouti station. Since ~ (Ambalavao and Malindi) is greater than the effect of
coefficient. The coefficient of error correction term, -  TEC values in the southern hemisphere on TEC values in
0.23, shows that the effect of TEC change at Djibouti  the northern hemisphere. According to this result, it can
station will stabilize at a rate of 23% every hour starting  be said that the south-directed electromagnetic transport
from the first hour. the prob. value in the Dst index and  is more than the north-directed transport in the examined
IMF B; is statistically (>0.05) insignificant, no result can  dates. When the coefficients are examined, it can be said
be said for this that while the interaction is greater in the magnetic
Due to the ionospheric conductivity and the effect of  conjugate pair that is closer to the equator in the storm
neutral winds occurring in the ionosphere, an asymmetric ~ period, it is more in the magnetic conjugate pair that is
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Table 8: Equation coefficients of Djibouti-Malindi magnetic conjugate pair in ARDL model.

Equation 7 Equation 8
Variable Coefficient Prob. Variable Coefficient Prob.
Malindi TEC -0.57 (0.000)* Djibouti TEC 9.69 (0.000)*
Dst 0.0001 (0.62) Dst 0.001 (0.404)
IMF B, -0.0004 (0.90) IMF B, -0.017 (0.172)
CointEq(-1) -0.59 (0.000)* CointEq(-1) -0.32 (0.000)*
Equation 9 Equation 10
Coefficient Prob. Coefficient Prob.
Malindi TEC -1.02 (0.037)*= Djibouti TEC 0.67 (0.000)*
Dst -0.007 (0.58) Dst -0.13 (0.13)
IMF B, -0.002 (0.57) IMF B, -0.18 (0.51)
CointEq(-1) -0.23 (0.000)* CointEq(-1) -0.19 (0.000)*

*), (**), (***) indicate 1%, 5% and 10% significance levels, respectively.

far from the equator in the quiet period. Considering the
coefficients calculated for Dst and IMF B, it is seen that
of Dst and IMF B, is much smaller than the effect of TEC
values in a station on the TEC values in its magnetic
conjugate.

The obtained results show that the interaction in a
magnetic conjugate pair is bidirectional. Therefore, the
inclusion of the magnetic conjugate effect in the
empirical models is important for the ionospheric delay
error estimation.

Acknowledgments

The author would like to thank the IONOLAB group and
the International GNSS Service for access to GNSS data
to founders for TEC data, used in this study; and the
Omni Web Plus NASA/Goddard Space Flight Center
service for the data on geomagnetic and solar flux
indices.

REFERENCES

[1] Scolini, C., Chané, E., Temmer, M., Kilpua, E.K.J.,
Dissauer, K., Veronig, A.M., Palmerio, E., Pomoell,
J., Dumbovi¢, M., Guo, J., Rodriguez, L. and
Poedts, S. CME-CME Interactions as Sources of
CME Geoeffectiveness: The Formation of the
Complex Ejecta and Intense Geomagnetic Storm in
2017 Early September. The Astrophysical Journal
Supplement Series. 247, 1, 21, 2020.

Zhang, J., Richardson, I.G.,, Webb, D.F,
Gopalswamy, N., Huttunen, E., Kasper, J.C., Nitta,
N.V., Poomvises, W., Thompson, B.J., Wu, C.-C.,
Yashiro, S. and Zhukov, A.N. Solar and
interplanetary sources of major geomagnetic storms
(Dst <-100 nT) during 1996-2005. Journal of
Geophysical Research: Space Physics. 112, Al0,
2007.

Gosling, J.T. Coronal Mass Ejections: An
Overview. Geophysical Monograph Series. N.
Crooker, J.A. Joselyn, and J. Feynman, eds.
American Geophysical Union. 9-16, 2013.

(2]

(3]

62

[4] Kilpua, E.K.J., Jian, L.K., Li, Y., Luhmann, J.G.
and Russell, C.T. Multipoint ICME encounters:
Pre-STEREO and STEREO observations. Journal
of Atmospheric and Solar-Terrestrial Physics. 73,
10, 1228-1241, 2011.

Cherniak, I. and Zakharenkova, 1. Large-Scale
Traveling lonospheric Disturbances Origin and
Propagation: Case Study of the December 2015
Geomagnetic Storm. Space Weather. 16, 9, 1377—
1395, 2018.

Blagoveshchensky, D.V. and Sergeeva, M.A.
lonospheric parameters in the European sector
during the magnetic storm of August 25-26, 2018.
Advances in Space Research. 65, 1, 11-18, 2020.
Yang, Y.-Y., Zhima, Z. -R., Shen, X. -H., Chu, W.,
Huang, J. -P., Wang, Q., Yan, R., Xu, S., Lu, H. -X.
and Liu, D. -P. The First Intense Geomagnetic
Storm Event Recorded by the China Seismo-
Electromagnetic Satellite. Space Weather. 18, 1,
2020.

Zhang, J., Richardson, 1.G.,, Webb, D.F,
Gopalswamy, N., Huttunen, E., Kasper, J.C., Nitta,
N.V., Poomvises, W., Thompson, B.J., Wu, C.-C.,
Yashiro, S. and Zhukov, A.N. Solar and
interplanetary sources of major geomagnetic storms
(Dst <-100 nT) during 1996-2005. Journal of
Geophysical Research: Space Physics. 112, Al0,
2007.

Richmond, A. D., Lu, G. Upper-atmospheric effects
of magnetic storms: a brief tutorial. Journal of
Atmospheric and Solar-Terrestrial Physics. 62,
1115-1127, 2000.

Arowolo, O.A., Akala, A.O. and Oyeyemi, E.O.
Interplanetary ~ Origins of Some Intense
Geomagnetic Storms During Solar Cycle 24 and the
Responses of African Equatorial/Low-Latitude
lonosphere to Them. Journal of Geophysical
Research: Space Physics. 126, 2, 2021.

Abdu, M.A. Equatorial spread F/plasma bubble
irregularities under storm time disturbance electric
fields. Journal of Atmospheric and Solar-Terrestrial
Physics. 75-76, 2012.

[5]

[6]

[7]

(8]

[9]

[10]

[11]



[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Amaechi, P.O., Oyeyemi, E.O. and Akala, A.O.
Geomagnetic storm effects on the occurrences of
ionospheric  irregularities over the African
equatorial/low-latitude region. Advances in Space
Research. 61, 8, 2074-2090, 2018.

Valladares, C.E., Sheehan, R., Basu, S., Kuenzler,
H. and Espinoza, J. The multi-instrumented studies
of equatorial thermosphere aeronomy scintillation
system: Climatology of zonal drifts. Journal of
Geophysical Research: Space Physics. 101, Al2,
26839-26850, 1996.

Ansari, K., Panda, S.K. and Jamjareegulgarn, P.
Singular spectrum analysis of GPS derived
ionospheric TEC variations over Nepal during the
low solar activity period. Acta Astronautica. 169,
216-223, 2020.

Kelley, M.C. and Heelis, R.A. The earth’s
ionosphere: plasma physics and electrodynamics.
Academic Press, 1989.

Takahashi, H., Essien, P., A. O. B. Figueiredo, C.,
M. Wrasse, C., Barros, D., A. Abdu, M., Otsuka, Y.,
Shiokawa, K., Li, G., Instituto Nacional de
Pesquisas Espaciais, Sdo José dos Campos, Brazil,
Institute for Space-Earth Environmental Research,
Nagoya University, Nagoya, Japan, and Institute of
Geology and Geophysics, 5, 5, 1-10, 2021.
Appleton, E.V. Two Anomalies in the lonosphere.
Nature. 157, 3995, 691-691. 1946.

Li, M. and Parrot, M. Statistical analysis of the
ionospheric ion density recorded by DEMETER in
the epicenter areas of earthquakes as well as in their
magnetically conjugate point areas. Advances in
Space Research. 61, 3, 974-984, 2018.

Sergeenko, N.P. Irregular Phenomena in
Magnetically Conjugate Regions of the F2 Layer of
the lonosphere. Geomagnetism and Aeronomy. 58,
6, 823-830, 2018.

Hanson, W.B. Electron temperatures in the upper
atmosphere. Space Research. 5, 282-302, 1963.
Bittencourt, J.A. and Sahai, Y. F-region neutral
winds from ionosonde measurements of hmF2 at
low latitude magnetic conjugate regions. Journal of
Atmospheric and Terrestrial Physics. 40, 6, 669—
676, 1978.

Campbell, W. H., Matsushita, S. World maps of
conjugate coordinates and L contours. Journal of
Geophysical Research. 72, 3518-3521, 1967.
Gulyaeva, T.L., Arikan, F., Stanislawska, I. and
Poustovalova, L.V. Symmetry and asymmetry of
ionospheric weather at magnetic conjugate points
for two midlatitude observatories. Advances in
Space Research. 52, 10, 1837-1844, 2013.

Le, H., Liu, L., Yue, X. and Wan, W. The
ionospheric behavior in conjugate hemispheres
during the 3 October 2005 solar eclipse. Annales
Geophysicae. 27, 1, 179-184, 2009.

Oguti, T. Conjugate point problems. Space Science
Reviews. 9, 6, 745-804, 1969.

Timocin, E., Unal, 1., Tulunay, Y. and Goker, U.D.
The effect of geomagnetic activity changes on the

63

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

ionospheric critical frequencies (foF2) at magnetic
conjugate points. Advances in Space Research. 62,
4, 821-828, 2018.

Unal, I. The Comparison of Responses to
Geomagnetic Activity Changes of foF2 Predicted
by IRl with Observations at Magnetic Conjugate
Points for Middle and High Latitudes. Sakarya
University Journal of Science. 619-625, 2020.
Wescott, E.M. Magnetoconjugate phenomena.
Space Science Reviews. 5, 507-561, 1966.
Dabbakuti, J.R.K.K., Yarrakula, M., Panda, S.K.,
Jamjareegulgarn, P. and Haq, M.A. Total electron
content prediction using singular spectrum analysis
and autoregressive moving average approach.
Astrophysics and Space Science. 367, 1, 8, 2022.
Gordiyenko, G.l., Maltseva, O.A., Arikan, F. and
Yakovets, A.F. An evaluation of the IRI-Plas-TEC
for winter anomaly along the mid-latitude sector
based on GIM-TEC and foF2 values. Advances in
Space Research. 64, 10, 2046-2063, 2019.

Shubin, V.N. and Gulyaeva, T.L. Global mapping
of total electron content from GNSS observations
for updating IRI-Plas model. Advances in Space
Research. 69, 1, 168-175, 2022.

Siddiqui, T.A., Yamazaki, Y., Stolle, C., Maute, A.,
Lastovicka, J., Edemskiy, 1.K., Mosna, Z. and
Sivakandan, M. Understanding the Total Electron
Content Variability Over Europe During 2009 and
2019 SSWs. Journal of Geophysical Research:
Space Physics. 126, 9, 2021.

Arikan, F. Regularized estimation of vertical total
electron content from Global Positioning System
data. Journal of Geophysical Research. 108, Al2,
1469, 2003.

Nayir, H., Arikan, F., Arikan, O. and Erol, C.B.
Total Electron Content Estimation with Reg-Est.
Journal of Geophysical Research: Space Physics.
112, Al1, 2007.

Sezen, U., Arikan, F., Arikan, O., Ugurlu, O. and
Sadeghimorad, A. Online, automatic, near-real time
estimation of GPS-TEC: IONOLAB-TEC. Space
Weather. 11, 5, 297-305, 2013.

Lissa, D., Srinivasu, V.K.D., Prasad, D.S.V.V.D.
and Niranjan, K. lonospheric response to the 26
August 2018 geomagnetic storm using GPS-TEC
observations along 80° E and 120° E longitudes in
the Asian sector. Advances in Space Research. 66,
6, 1427-1440, 2020.

Mansilla, G.A. and Zossi, M.M. lonospheric
response to the 26 August 2018 geomagnetic storm
along 280° E and 316° E in the South American
sector. Advances in Space Research. 69, 1, 48-58,
2022.

Jenan, R., Dammalage, T.L. and Panda, S.K.
lonospheric total electron content response to
September-2017  geomagnetic ~ storm  and
December-2019 annular solar eclipse over Sri
Lankan region. Acta Astronautica. 180, 575-587,
2021.



[39] Sharma, S.K., Singh, A.K., Panda, S.K. and Ahmed,
S.S. The effect of geomagnetic storms on the total
electron content over the low latitude Saudi Arab
region: a focus on St. Patrick’s Day storm.
Astrophysics and Space Science. 365, 2, 35, 2020.

[40] Pesaran, M.H., Shin, Y. and Smith, R.J. Bounds
Testing Approaches to the Analysis of Level
Relationships. Journal of Applied Econometrics.
16, 3, 289-326, 2001.

[41] Pesaran, M.H. and Shin, Y. An Autoregressive
Distributed-Lag Modelling  Approach  to
Cointegration  Analysis.  Econometrics and
Economic Theory in the 20th Century. S. Strom, ed.
Cambridge University Press. 371-413, 1999.

[42] Atici, R. and Sagir, S. The Effect on Sporadic-E of
Quasi-Biennial Oscillation. Journal of Physical
Science and Application. 6, 2, 2016.

[43] Dickey, D.A. and Fuller, W.A. Distribution of the
estimators for autoregressive time series with a unit
root. Journal of the American Statistical
Association. 74, 366, 427-431, 1979.

[44] Phillips, P.C.B. and Perron, P. Testing for a unit
root in time series regression. Biometrika. 75, 2,
335-346, 1988.

[45] MacKinnon, J.G. Numerical Distribution Functions
for Unit Root and Cointegration Tests. Journal of
Applied Econometrics. 11, 6, 601-618, 1996.

[46] Sagir S, Atict R. Jeomanyetik firtina siiresince
NeQuick2 modelinin performansi. Mus Alparslan
Universitesi Fen Bilimleri Dergisi. 2019;7(2):689—
696. doi:10.18586/msufbd.650664

[47] Sagir S, Karatay S, Atici R, Yesil A, Ozcan O. The
relationship between the Quasi Biennial Oscillation
and Sunspot Number. Advances in Space Research.
2015;55(1):106-112.
doi:https://doi.org/10.1016/j.asr.2014.09.035

[48] Atici, R. and Sagir, S. The effect of QBO on foE.
Advances in Space Research. 60, 2, 357-362, 2017.

[49] Sagir, S. and Atici, R. Comparison of the QBO and
F10.7 Solar Flux Effects on Total Mass Density.
Geomagnetism and Aeronomy. 58, 7, 841-845,
2018.

[50] Fukushima, N. Electric potential difference
between conjugate points in middle latitudes caused
by asymmetric dynamo in the ionosphere. Journal
of geomagnetism and geoelectricity. 31, 3, 401-
409, 1979.

[51] Yamazaki Y, Maute A. Sq and EEJ—A Review on
the Daily Variation of the Geomagnetic Field
Caused by lonospheric Dynamo Currents. Space
Science Reviews. 2017;206(1-4):299-405.
d0i:10.1007/s11214-016-02

64



Sanhurfa ili Eyyubiye Ilcesi Sigircilik Isletmelerinde Bulunan Barmaklarin Yapisal
Ozellikleri ve Yetistiricilerin Ogrenim Durumlariyla iliskileri

Soner DOGANAY?, Mete YANARZs

! Tarim Kredi Kooperatifleri, Gaziantep Bélge Birligi, Gaziantep, TURKIYE
2 7ootekni Boliimii, Ziraat Fakiiltesi, Atatiirk Universitesi, Erzurum, Tiirkiye

><: mtyanar@gmail.com “~"%0000-0003-2173-0080 “*20000-0002-5311-5675

Gelis (Received): 03.08.2023 Diizeltme (Revision): 10.09.2023 Kabul (Accepted): 11.09.2023

oz

Sanlwurfa ili Eyyubiye ilgesinde mevcut sigir barnaklarinin yapisal 6zellikleri ile mevcut problemlerinin ortaya
konulmasi amaciyla bu aragtirma yiiriitiilmistiir. Eyyubiye ilgesinde faaliyet gosteren 985 adet sigircilik isletmesinden
basit rastgele ornekleme yontemi kullanilarak belirlenen 135 yetistiriciyle anket yapilmistir. ilcedeki sigir
barmaklarinin  %61.5’inin miistakil, %25.9’unun magara ve %12.6’s1 ise ev alti konumlarda olduklar1 ve
yetistiricilerin 6grenim seviyeleri yiikseldik¢e ev alt1 ahirlara sahip igletmeci sayisinin azaldigi tespit edilmistir.
Ayrica, ahirlarin ¢ogunlugunun (%35.1°1) 100 bas ve lizeri kapasiteye sahip oldugu, %44 iiniin yar1 acik ahir ve
%26.1’inin de magara tipinde oldugu tespit edilmistir. Ahirlarda duvar yap1 malzemesi olarak genellikle tas, briket ve
ahsap kullanilirken, ¢ati malzemesi olarak ta biiyiik oranda (%51.1) sacin tercih edildigi tespit edilmistir. Eyyubiye
ilgesindeki sigircilik isletmelerinin %65.9’unda ahir i¢i ayr1 buzagi boliimii, %51.1°in de hasta hayvan bdlmesi,
%14.8’inde dogum bdlmesi, %13.3’linde de damizlik boga bolmesi bulundugu da belirlenmistir. Elde edilen bulgular,

eski ve halen kullanilan sigir barinaklarinin yapisal sorunlari oldugunu gosterirken, son yillarda yapilan yar1 agik
ahirlarda s6z konusu problemlerin minimum diizeylerde oldugu da belirlenmistir.

Anahtar Kelimeler: Sanlurfa, Sigircilik, Ahirlar, Yapisal 6zellikler

Structural Characteristics of Barns Located in Cattle Breeding Enterprises in Eyyubiye
County of Sanhurfa Province and Their Relationships with Educational Status of Breeders

ABSTRACT

This research was carried out to reveal the structural characteristics and current problems of existing cattle barns in
the Eyyubiye county in Sanlurfa province. A survey was carried out with 135 breeders determined using a simple
random sampling method from 985 cattle breeding enterprises operating in Eyyubiye county. It has been found that
61.5% of the cattle shelters in the county are detached, 25.9% are caves, and 12.6% are in house-barn locations, and
the number of enterprisers with house-barns is decreasing as the education levels of enterprisers increase. Furthermore,
it was found that the majority of barns (35.1%) have a capacity of 100 heads or more, 44.0% are semi-open barns, and
26.1% are cave type. It has been found that while stone, briquette, and wood are usually used as wall building materials
in barns, sheet metal is preferred to a large extent (51.1%) as roofing material. It was also determined that 65.9% of
the cattle breeding enterprises in Eyyubiye county have a separate calf section in the barn, 51.1% have a sick animal
compartment, 14.8% have maternity pens, and 13.3% have a breeding bull compartment. Although the findings
obtained reveal that the old and still used cattle shelters have structural problems, it has also been determined that
these problems are minimal in the semi-open barns built in recent years.

Keywords: Sanlurfa, Cattle Breeding, Barns, Structural Characteristics

GIRiS geng hayvanlarda biiylimeyi de tegvik ederler [1]. Ayrica

hijyenik ahir ortamlar1 hastaliklarin  yayilmasim
Hayvansal iiretim siirecinde, dogru tasarlanmis ve engelleyerek sigirlarin  genel saghk durumlarmin
yapilmis sigir barinaklart hayvanlarin  saglikli ve  korunmasina katkida bulunabilirler. Bu da sigirlarin daha
konforlu bir ortamda yasamalarin1 saglamalari, yiilksek az hastalanmasimi ve veteriner saglik maliyetlerinin
verim vermeleri ve is¢i sagligi ile calisma etkinligi gibi  azalmasimi saglar [2]. Bunlarin yani sira, uygun ve
birgok agidan énem tasimaktadir. Ideal kosullara sahip  modern anlamda yapilan biiyiikbas hayvan barmaklari,
barmnaklar, hayvan refahit agisindan siirlarin strese  sigirlarin - besleme  programlarinin ve  ydnetim
girmelerini onleyebildigi gibi, yem tiiketimi ile yemden  stratejilerinin etkin bir sekilde uygulanmasina katkida
yararlanmayz iyilestirerek iretim performansini artirir ve  bulunur, ahir komplekslerinin dnemli bir parcast olan

65


mailto:mtyanar@gmail.com
file:///D:/FBE%20DERGİ/2023-2.%20sayı/PDF/0000-0003-2173-0080
https://orcid.org/0000-0002-5311-5675

uygun yem depolama alanlariyla yemlerin taze ve
bozulmadan kalmasimi saglar, etkin ve verimli bir
besleme uygulamalarina da olanak verir [3].

Yaklagik on bes yil 6ncesine kadar, Giineydogu Anadolu
bolgesinde yer alan Sanhurfa ilinde yiiriitilen
hayvancilik faaliyetinin biiylik bir bolimiinii kii¢iikbag
hayvan yetistiriciligi olusturmaktaydi [4]. Son yillarda
devlet destekli kurulan sigircilik isletmeleri ve iilke
capindaki biiylik siit isleme firmalarmin ¢ig siit ihtiyacin

kargilamak icin biiyiik capli yatirimlaryla ilin
hayvanciligmin  yapist  hizla  biiyiikbag hayvan
yetigtiricilii yOniinde degismeye baslamistir. Bu

baglamda, il de yetistirilen sigir sayisi son yillarda
yaklagik 1.5 kat artig gostererek 330.344 basa ulagmistir
[4]. Sigir yetistiriciligi alaninda ilde yasanan biitiin bu
olumlu gelismelere ragmen, Sanlrfa ilindeki toplam
sigir popilasyonun %10.2’sine sahip olan Eyyiibiye
ilcesinde faaliyet gosteren sigircilik isletmelerinde
mevcut barmaklarin yapisal 6zellikleri, ahir i¢i kosullari,
barnaklarin hayvanlar iizerindeki etkileri ve mevcut
ahirlarin problemleri ile ¢6ziim onerilerini ortaya koyan
herhangi bir bilimsel ¢aligma yapilmamistir. Bu nedenle,
$6z konusu Sanlwurfa ili merkez Eyyubiye il¢esinde yer

alan sigircilik  isletmelerinde yetistirilen sigirlarin
verimlerinin  artirtlmasi  ve isletmelerin  karli  bir
hayvansal iiretim yapmalar1 amaciyla, mevcut

barmaklarda kullanilan yap1 elemanlari, ahir i¢i yapisal
unsurlarin yerlesimi, havalandirma, aydinlatma, giibre
depolama ve degerlendirme ile diger barmak 6zellikleri
incelemek, yapisal problemlere ait ¢6ziim Onerileri ve
yetistiricilerin egitim diizeyleri ile barinaklarin yapisal
ozellikleri arasindaki iligkileri otaya koymak amactyla bu
arastirma yiiritilmiistiir.

MATERYAL ve YONTEM

Atatiirk Universitesi Ziraat Fakiiltesi Birim Etik Kurul
Bagkanligi tarafindan 22.02.2022 tarihli 2022/6 sayili
oturumda bilim etigi yoniinden yapilmasinda bir sakinca
olmadig1 yoniinde alinan karar ¢ergevesinde yiiriitiilen bu
arastirmada kullanilan veri setini, Sanlurfa ili merkez
Eyyubiye ilcesinde faaliyet gosteren sigircilik
isletmelerinden 6rneklenen 135 adet isletmeden toplanan
bilgiler olusturmaktadir. Bu amagla, merkeze bagl 985
sigircilik igletmesi arasindan sansa bagli olarak basit
rastgele Ornekleme yontemi kullanilarak belirlenen
isletmelere gidilerek, isletmecilerle anket c¢alismasi
yapilmigtir.  Minimum Ornek sayisinin tespiti igin
popiilasyonu simirli, olasiliga bagl nitel degiskenlerin
oldugu ve varyansin bilinmedigi durumlarda Arikan
[5]nin bildirdigi yontem kullanilmigtir. Asagida verilen
bu formiilde, 6rnekleme hatasi 0.05, giiven seviyesi %95
olarak alinmis ve minimum Ornek sayist 109 olarak
hesaplanmistir. Daha sonra belirlenen minimum anket
say1st 35 adet (%23.8 oraninda) daha artirilarak toplam

135 yetistiriciyle yiiz yiize anket uygulamasi
gergeklestirilmistir.
N.t%p.q
n

TWIN-D.D’+t2p.gq
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Bu formiilde, n= minimum &rnek sayisini, N= sonlu
popiilasyon biiyiikliigiinii, D= kabullenilen &rnekleme
hatasi, t= Tablo degerini (t=1.96; 0=0.05), p=
hesaplanmasi istenen oran (0.5) ve g= 1-p ifade
etmektedir.

Anket sonucu elde edilen veriler Microsoft Office Excel
programina aktarilarak, siniflandirmalari ve kodlamalari
yapilmis ve sonra SPSS istatistik paket programi
(versiyon, 22) yardimryla deskriptif istatistik analizleri
yapilarak frekans ve oransal degerler elde edilmistir [6].
Ayrica  Ki-kare  bagimsizlik  testi  kullanilarak
isletmecilerin egitim durumu (okuryazar, ilkokul terk,
ilkokul, ortaokul, lise, iiniversite mezunu) ile sigir
barinaklarinin yapisal o6zellikleri arasindaki iliskiler
istatistiksel olarak degerlendirilmistir [7].

BULGULAR ve TARTISMA

Barmaklarin Konumu:

Sanlrfa ili Eyyubiye ilgesinde bulunan arastirma
kapsamindaki  sigirciik  isletmelerindeki  ahirlar
degerlendirildiginde, sigir barmaklarinin = %61.5’1
miistakil, %25.9’u, magara ve %12.6’sinin da ev alt1
konumlarda olduklar1 saptanmistir. Ayrica yeni yapilan
veya yapilmakta olan ahirlarda genelde miistakil, evden
uzakta olacak sekilde bir ahir planlamasi yapildigi da
belirlenmistir. Daha kii¢iikk ve eski aile isletmelerinde
rastlanilan ev alt1 ahirlarin oranimin evlerde daha fazla
koku problemi olusturmasi yanmi sira, temizlik
problemlerini artirmasi  ve hijyenik  ortamlarin
saglanmasini gii¢lestirmesi gibi sakincalardan dolay1
hizla azaltilmasi igin gerekli tedbirlerin alinmasina
ihtiya¢ bulunmaktadir. Ote yandan, Eyyubiye ilgesinin
Topdag: bolgesinde yaygin olan ve ilgedeki mevcut sigir
barinaklarinin yaklagik 1/4’iinii olusturan magara tipi
barinaklar yoreye Ozgii bir barmnak c¢esidi olup, soz
konusu bu bolgede miistakil ve ev alt1 sigir barinaklarmin
¢ok daha az bulundugu da belirlenmistir (Sekil 1).

Sekil 1. Magara tipi sigircilik isletme Srnegine ait i¢ goriinim

Tiirkiye’deki sigircilik igletmelerinde kullanilan ahirlarin
konumlar1 bolgelere gore farklilik gdostermekle birlikte
genellikle miistakil konumda oldugu bildirilmistir.
Omegin, Seker ve ark. [8], Mus ilindeki isletmelerin
%77.0’sinde ahirlarin evden ayri konumda, %17.2sinin
ev altinda ve %5.7’sinin de ise her iki konumda oldugu



bildirilirken, Kogyigit ve ark. [9], Erzurum ili Agkale
ilgesindeki siit sigir1  barinaklarimin - %77.4’{iniin
miistakil, %22.6’sinin ise ev alti konumda oldugunu
tespit etmislerdir. Ayrica, Diyarbakir ili Ergani
ilgesindeki  sigircilik  igletmelerin - de  %90.4'{iniin
miistakil yapida oldugunu Han ve Bakir [10] tarafindan
rapor edilmistir. Ote yandan, Tugay ve Bakir [11],
tarafindan Karadeniz Bo6lgesinde Giresun ilinde bulunan
stit sig1r1 igletmelerinin degerlendirildigi bir arastirmada,
mevcut ahirlarin - %62.2°sinin ev  altt  konumda,
%35.7’sinin miistakil yapida, %2.1’inin ise miistakil ve
ev alt1 oldugunu bildirmislerdir.

Eyyubiye il¢esindeki bulunan ahirlarm konumlar ile
isletme sahiplerinin &grenim seviyeleri arasindaki
iliskiler Sekil 2° de sunulmustur. Tlgedeki isletmecilerin
Ogrenim seviyelerinin, kullanilan ahirlarin  konuma
onemli  (P<0.05) etkisinin oldugu belirlenmis,
yetistiricilerin 6grenim seviyeleri yiikseldikge ev alti
ahirlara sahip isletmeci sayisinin  azaldigi tespit
edilmigtir. Benzer sekilde, Aydin ve ark. [12] Erzurum ili
Hmis ilgesindeki  sigircilik  isletmelerinde — sigir
barmaklarinin konumu ile egitim seviyeleri arasinda
onemli iligkilerin bulundugunu ve ev alt1 ahirlara sahip
isletmecilerin =~ %88.7’sinin  ilkokul terk  egitim
kategorisinde oldugu bildirilmistir. Ayrica, iniversite
mezunu isletmecilerin %100’niin ise miistakil ahirlara
sahip olduklari da rapor edilmistir.

® Miistakil ®Ev alti ™ Magara
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Sekil 2. Isletmecilerin 6grenim durumlarma gére ahir
konumlarinin degisimi.

Ahiwr Kapasiteleri:

Bu arastirmaya konu olan Eyyiibiye il¢esindeki
isletmelerin %9.7’si 1-20 bas, %15.7’si 21-40 baslik,
%20.1°1 41-60 bas, %12.7’si 61-80 bas, %6.7’si 81-100
bas ve %35.1°1 ise 100 bas ve lizerinde bir kapasiteye
sahip oldugu tespit edilmistir (Sekil 3). Barinak
kapasitelerinin yiiksek oranda 100 bas ve {iizerinde
oldugu, kiiciik 6l¢ekli isletmelerinin oraninin da olduk¢a
diisiik oldugu belirlenmistir. Benzer olarak Erzurum ili
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Hinis ilgesinde yapilan bir ¢aligmada [12] sigircilik
isletmelerinin %57.1°inin 41 bas ve daha fazla sayida
kapasiteye sahip ahirlarin bulundugu, 1-10 bas arasi
kapasiteli kiigiik kapasiteli barinaklarin oraninin da
diistik oranda (%16.7) oldugu bildirilmistir. Capadag
[13] ise, Erzurum’un Yakutiye ilgesinde yaptigi bir
aragtirmada igletmelerin ortalama kapasitelerinin 43.7
bas olarak tespit etmislerdir. Antalya ilinde yapilan bir
calisgmada da, ortalama barinak kapasitesinin 19 bas
oldugu rapor edilmistir [14]. Mersin yoresinde bulunan
bliylikbas hayvancilik igletmelerinde yapilan bir
arastirmada maksimum 350 bas ve minimum ise 3 bas
kapasitede oldugu Erkan [15] tarafindan saptanmustir.

Ahir Tipleri:

Ahrr tiplerine etki eden 6nemli faktorlerin baginda iklim
kosullari, barindirilacak hayvan sayisi, giivenlik durumu
ve isletme tiirii gelmektedir. Bunlarin yani sira igletmenin
eski veya yeni yapilmig olmasi ile yerlesim konumu da
ahur tiplerini etkileyen faktorler arasinda sayilabilir.

i 1--20 Bas M 21-40 Bas E441-60 Bag
4 61-80 Bag A 81-100 Bas ¥4 100+ Bas
%9.7
aaan) l -----
%35.1 i %15.7

AAAERRAANANRN NN NN J

Sekil 3.
dagilimi

Isletmelerdeki barinak kapasitelerinin yiizdelik

Bu ¢alismaya konu olan isletmelerde mevcut ahir tipleri
degerlendirildiginde, %3.7’sinin acik ahir, %44 {inlin
yart agik ahir, %6.7’sinin bagli durakli kapali ahur,
%3’tnlin serbest durakli kapali ahir, %1.5’inin bagh
duraksiz kapali ahir ve 26.1’inin de ilgeye 6zgii dogal
sigir barmag olarak kullanilan magaralar oldugu tespit
edilmistir (Sekil 4). Konu ile ilgili olarak yapilan bir
calismada, Bitlis ili Ahlat ilgesinde mevcut sigir
barmaklarinin tamaminin bagli durakli ahirlar seklinde
yapildig1 ve bu barmaklarin biiyiik bir kisminda planlama
yapisal kusurlarin bulundugu Bayraktar ve ark. [16]
tarafindan rapor edilmistir. Konya ilinde yiiriitiilen diger
bir arastirmada ise, kapali ahirlarin %86.1, yart agik
ahirlarin %11.8 ve agik ahirlarinda %2.0 oraninda oldugu
saptanmistir. Ayrica bu ahirlarin  %80.5’inin  bagh
durakli, %12.4’linlin serbest durakli ve %7.1’inin de
duraksiz oldugunu Akkus [17] tarafindan bildirilmistir.
Giiler ve ark. [18] da Erzurum ili Narman ilgesinde
ylrittiikkleri bir ¢alismada, mevcut ahir tiplerinin
%55.3’linlin bagli duraksiz, %38.5’inin bagli durakl,



%6.31 ise serbest durakli kapali ahirlar oldugunu tespit
etmislerdir. Kars’in merkez il¢esinde faaliyet gosteren
sigircilik isletmelerin de ise mevcut ahirlarin biiyiik
cogunlugunu (%95.1°1) kapali ahirlarin, %4.9’unun ise
yart agik ahirlarin olusturdugu Demir ve ark. [19]
tarafindan rapor edilmistir. Erzincan ili merkez
ilgesindeki sigir barmaklarinin ise %95.0’inin kapali,
%4.8’inin yar1 agik ve %0.3’linlin de acik ahir oldugu
bildirilmistir [20]. Benzer durumun Kahramanmaras
[21], Kayseri [22], Mus [8] illerindeki sigircilik
isletmelerinde de s6z konusu oldugu belirlenmistir. Dogu
Anadolu Bolgesi ve Orta Anadolu bolgelerinde yapilan
caligmalar incelendiginde oranlart degismekle birlikte
kapal1 ahirlarin daha yaygin oldugu goriilmektedir. Ote
yandan, Ege bdlgesi illerinden Mugla ve Izmir ili 6demis
ilgesindeki sigir barmaklarinin biiyiik bir kismimin yari
acik ve sundurma tipi ahirlar oldugu, kapali ahir oraninin
diisiik seviyelerde kaldig1 Aydin ve Keskin [23], Yaylak
ve ark. [24] tarafindan belirtilmistir. I¢ Ege bolgesinde
yer alan Afyonkarahisar ilinde incelenen 43 isletmenin
%56.9’unda kapali ahirlar, %43.1’inde yar1 acgik ahirlarin
bulundugu rapor edilmistir [25].

M Acik

M Bagli durakli kapah
M Bagli duraksiz kapali
M Magara

W Yari acik
M Serbest durakl kapali
M Serbest duraksiz kapal

Sekil 4. Tigede mevcut ahir tiplerinin yiizdelik dagilimlari

Isletme sahiplerinin 6grenim durumlarina gore tercih
edilen ahir tiplerinin dagilimi Sekil 5°te sunulmustur.
Isletmecilerin grenim durumlarinin segilen ahir tipleri
iizerine etkisinin ¢ok &nemli (P<0.01) oldugu tespit
edilmistir. Yapilan degerlendirmede, 6grenim durumu
okur-yazar olan yetistiricilerin genellikle yar1 agik ahir
tipini tercih ettikleri halde, dgrenim durumlari ilkokul
terk durumunda olan fireticilerin ise genelde, bagh
duraksiz kapali ahirlar1 tercih ettikleri belirlenmistir.
Ortaokul ve sonrasi diizeylerde egitim alan yetistiriciler
arasinda ise daha ziyade yar1 agik ahir kullaniminin 6n
plana ¢ikt1g1 saptanmustir (Sekil 5).

Sanlurfa’nin Eyyiibiye ilgesinde kisin sicak yazin ise
serin olma Ozellikleri ile 6n plana ¢ikan magara tipi
ahirlar biiyiikbas ve kiigiikbag hayvancilikta oldukca
ragbet gordiigli yapilan degerlendirmeler sonucu
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saptanmugtir. Tiirkiye’de pek fazla rastlanmayan bu tip
barmaklarin genelde besi sigirciligi yapan isletmeler
tarafindan daha yaygin olarak kullanildig1 belirlenmistir.
S6z konusu magaralarin sigir barinagr olarak tercih
edilme nedenleri soruldugunda, yetistiricilerin %71.4’
magaralarin daha ekonomik olusu, %42.9’unun diger
isletme modellerine kiyasla daha verimli olmasi, %14.3
baska imkanlarinin olmamasi, %17.1 ise yillardir bu tip
ahirlarda caligmaya alistig1 yoniinde yanitlar alinmistir.
Alinan cevaplar iginde Isletmecilerin birden fazla
secenegi isaretleyebildigi icin toplam yilizde oranlar
%100’1in lizerinde olmustur.
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Sekil 5. isletme sahiplerinin dgrenim durumlaria gore ahir
tiplerinin degisimi.

Barmaklarda Kullanilan Duvar Yap: Malzemeleri:

flgede mevcut sigir  barmaklarinin  duvarlarinda
kullanilan yapt malzemeleri degerlendirildiginde,
%30.3’{inilin tag, %26.7 sinin Briket, %23.0’{iniin ahsap,
%17.0’sinin tugla ve %3.0’linlin kerpi¢ oldugu tespit
edilmistir (Sekil 6). iklim kosullarinin il genelinde
yazlar sicak ve kislart ise iliman gegtiginden dolay1
barmak duvarlarinin sadece c¢atiyr tagimak, sert
riizgarlara karst koruma saglamak ve kismen de olsa
kontrolii ve giivenligi saglamak amaci ile yapildig:
belirlenmistir. Genellikle duvarlarin yaklasik sigirlarin
yiiksekliginde yapildigi, ¢atiya kadar duvar ortilmedigi
de gozlenmistir. Ayrica, yeni yapilan ahirlarda duvar
yapt malzemesi olarak kerpi¢ kullanilmadigi, bu tip
malzemenin daha ¢ok eski yillarda insa edilmis kiigiik
isletmelerde daha yaygin oldugu da tespit edilmistir.
Benzer durum, Tugay ve Bakir [11] tarafindan Giresun
ilinde yiriitilen bir calismada da saptanmis olup,
ahirlarda kullanilan duvar yapir malzemeleri iginde en
yaygin olarak tas kullanildig1 (%62.3) bildirilmistir. Tilki
ve ark. [26] da, Kars ilindeki sigir barmnak duvarlarinin
yapimminda biiyiilk oranda (%39.8) tasin kullanildigini



belirlemislerdir. Ozsaglicak ve Yanar [20], Erzincan ili
merkez il¢esinde bulunan sigir ahirlarinda duvar yapi
malzemesi olarak c¢ogunlukla briketin tercih edildigi
(%50.6), bunu tas (%22.7), kerpi¢ (%12.6), tugla
(%11.6), bims (%2.2) ve ahsap (%0.3) kullaniminin
izledigini rapor etmislerdir. Benzer sekilde, Bitlis ili ve
Ahlat il¢elerindeki sigircilik isletmelerinde de duvar yapi
malzemesi olarak en fazla briketin (%61.0) kullanildig:
Bayraktar ve ark. [16] tarafindan bildirilmistir. Bu
sonuglara dayanarak, farkli yorelerde kullanilan duvar
yapim malzemelerinin tercihinde iklim kosullar1 yani sira
maliyet, aligkanliklar, yetistiricilerin sosyo-demografik
farkliliklarindan dolay: tercihleri ve yakin cevreden
temin edilme gibi faktdrlerin rol oynadig: sdylenebilir.

Ahsap; %23.0

Tas;

Briket;

Kerpic;
%026.7 e

Tugla; %17.0 %03.0

Sekil 6. Ahir duvarlarinda kullanilan yap1 malzemeleri yiizde
oranlari

Barmaklarda Kullanilan Cati Yapr Malzemeleri:

Bu arastirma kapsamindaki sigir barinaklarmin cati
yapiminda kullanilan yapi1 elemanlart
degerlendirildiginde, sacin biiyilk oranda (%51.1)
kullanildigi, bunu %14.1 oraniyla beton, ahsap (%5.2) ve
toprak (% 0.7) ve %28.9’u diger malzemelerin izledigi
tespit edilmistir (Sekil 7). Ilgedeki eski yillarda yapilan
ahirlarin ¢atilarinin toprak, ev alti barinaklarin catilari
beton, yilin belli donemlerinde kullanilan barmaklarin
catilarinin da ahsaptan yapildig1 belirlenmistir. Diger cati
malzemesi olarak ifade edilen kisminin iginde ise,
agirhikl olarak tavani ve catist da dahil olmak iizere
kayadan ibaret olan magara tipi isletmeler yer almistir
(Sekil 8). Bu galismanin sonuglarina paralel olarak,
Tiirkiye’nin farkli bolgelerinde yapilan galismalarda da
(Konya, Erzincan, Kahramanmaras, Aydin, Agr1)
ahirlarda ¢ati malzemesi olarak sacin yaygin olarak
kullanildig1 bildirilmistir [17, 20, 21, 27, 28]. Ote yandan,
Antalya ili, Manavgat il¢esindeki ahirlarin %79.03iinde
cat1 yapt malzemesi olarak beton ve eternitin kullanildig:
Demirtas [29] tarafindan bildirilirken, Kars ilinde
bulunan sigir barmaklarmimn %40'mmin aliiminyum ve
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%60'n1n da toprak ¢atili oldugunu Ozen [30] tarafindan
rapor edilmistir.

Beton;
%14.1

Sekil 7. Ahir ¢atilarinda kullanilan yap1 malzemeleri yiizde
oranlar1

LR
“33 1

Sekil 8. Magara tipi sigir barinaklarinda tavan ve gati yapisi

Ahir I¢i Béliimleri:

Eyyubiye il¢esinde incelemeye konu teskil eden sigircilik
isletmelerinin %43.4’tinde gezinti avlusu mevcut iken
%57.5’sinde  bulunmadigi saptanmistir. Ayrica bu
isletmelerin %65.9’unda ahir i¢i ayr1 buzagi boliimii,
%51.1°in de hasta hayvan bolmesi, %14.8’inde dogum
bolmesi, %13.3’linde de damizlik boga bolmesi
bulundugu belirlenmistir. S6z konusu revir ve buzagi
bdlmelerinin siit sigir1 isletmelerinde yaygin oldugu,
magara tipi barinaklarda ise nadiren bu bdlmelerin
bulundugu goézlenmistir. Konu ile ilgili olarak Edirne’de
bulunan sigircilik isletmelerinin  %56.9’unda gezinti
avlusu, %8.3’tinde dogumhane, %2.9’unda hasta hayvan
bolmesi, %12.3'linde ise buzagi kuliibelerinin oldugu
Imri [31] tarafindan bildirilmistir. Ayrica, Bursa ili
Karacabey ilgesinde faaliyet gosteren sigircilik
isletmelerinin %83.0’linde buzagi bélmesi, %62.0’sinde
hasta hayvan bdlmesi ve isletmelerin tamaminda da
gezinti avlusu bulundugu da Ozaydinli [32] tarafindan
rapor edilmistir. Yine ayni ile bagh Niliifer ilgesinde
incelenen sigir barinaklarinin - %66.7’sinda  gezinti
alanmnin  bulundugu,  %33.3’tinde  bulunmadig:
bildirilmigtir [33]. Erzurum ili Askale ilgesindeki sigir
barinaklarinin  ise  %93.3’iinde gezinti avlusunun
bulunmadig: tespit edilmistir [9]. Ayrica, Erzurum ili



Hinis ilgesindeki ahirlarin ancak %25.1°1 [12] ve Kars’ta
%17.3iinde [26] dogum bdlmelerinin mevcut oldugu da
rapor edilmistir.

Eyyubiye ilgesinde incelenen sigircilik isletmelerinde
bulunan yemliklerin yapiminda kullanilan malzemelerin
oranlart %94.1°1 beton, %4.4’i ahsap ve %1.5°1 sac
olarak saptanmugtir (Sekil 9). Ayrica, kiigiik olgekli
isletmelerde ve magara tipi ahirlarda yemliklerin
yerlesimi genelde duvara bitigik olarak yapilmis iken,
biiyilik isletmelerde yemlik yolunun bulundugu ve yem
dagitimmnin buradan yapildigi da tespit servis edilen
kilitli sistemlerin tercih edildigi tespit edilmistir. Benzer
sekilde, Erzurum ili Narman ilgesinde ahirlarin sadece
%6.3’linde yemlik yolu bulundugu, %93.7’sinde yemlik
yolu bulunmadigi ve yemliklerin dogrudan duvarlara
bitisik bir halde yapildigi rapor edilmistir [18].

Sac; %1.5

Ahsap(Tahta); %4.4 .

Beton; % 94.1

Sekil 9. Yemlik yapiminda kullanilan malzemelerin yiizde
oranlari

Yurdumuzun farkli bélgelerinde kullanilan yemlik
gesitleri degerlendirildiginde, Kahramanmaras yoresi
[34] ve Erzincan ili merkez ilgesindeki [20] isletmelerde
biiyiik ¢ogunlukla (sirasiyla %85.27, %94.8) betonarme
yemliklerin, Erzurum ili Narman il¢esinde ise ahsap
yemliklerin biiylik ¢ogunlukla (%48.1) kullanildig:
bildirilmistir [18]. Genel olarak degerlendirildiginde,
bir¢ok farkl bolgede sigir barinaklarinda agirhikli olarak
beton yemlik kullanimmin tercih edildigi diger
aragtirmacilar tarafindan da rapor edilmistir [11, 12, 16,
35].

Aydinlatma:

Eyyubiye ilgesinde anket caligmasi yapilan sigircilik
isletmelerinde, giindiiz aydinlatmasinin  %72.4 gibi
yiiksek bir oranda dogal olarak cati ve duvar arasinda
kalan agikliklarla ve pencerelerle yapildigi, %27.6
oraninda da elektrik ile saglandig1 saptanmistir. Giindiiz
barmak i¢i aydmlatmasinda elektrik kullaniminin daha
¢ok magara tipi ahirlarin bulundugu isletmelerde yaygin
oldugu, iklim kosullarinin uygunlugu nedeniyle diger
isletmelerde  ise  pencereler  vasitasiyla  dogal
aydinlatmanin gerceklestirildigi goézlenmistir. Benzer
sonuglar, Erzurum ili Yakutiye ilgesinde bulunan
sigircilik isletmelerinde de saptanmis olup, s6z konusu
barmaklarin %92.3’iinde giindiiz aydinlatmasinin giines
1s181yla pencereler yoluyla yapildig: bildirilmistir [13].
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Ayni ilin giliney ilgelerinden olan Hinis’taki sigir
barinaklarinin %63.5 inde dogal aydinlatma, %36.5’inde
de elektrik ile giin i¢i aydinlatmanin saglandig1 Aydin ve
ark. [12] tarafindan tespit edilmistir. Yaylak ve ark. [24]
ise, Izmir ili Odemis ilgesindeki sigircilik isletmelerinin
%91.0 ‘inde gilindiiz aydmlatilmasmm giin 15181 ile
saglandigin1 rapor etmislerdir. Ote yandan, iklim
kosullarinin 6zellikle kis aylarinda sert ve uzun siireli
gectigi Bingodl ilinde ise sigir barnaklarinin yeterli
pencere alanlarinin olmamasi nedeniyle biiyiik oranda
elektrik ile giindiiz aydinlatmas: yaptiklar1 Das ve ark.
[36] tarafindan belirtilmistir.

Havalandirma:

Ahir i¢i havalandirma sistemlerinin temel amaci, ahir
i¢cinde 1sman hava ve karbondioksit, amonyak, metan ve
hidrojen siilfir gibi insan ve hayvan sagligma zararh
gazlarin barmak disma atilmast ve en uygun ahir igi
sicaklik, nem ve hava kalitesinin saglanmasidir. Bu
amagla degisik yoOntemlerle ahir i¢i havalandirma
metotlar1 kullanilmaktadir. Bu g¢alismaya konu teskil
eden sigircilik igletmelerinde ahir i¢i havalandirmanin
pencerelerden (%43.0), havalandirma bacalarindan
(%9.6), cat1 ile duvar arasi bosluklardan (%48.9) ve
%39.3 oraninda ise, vantilatorler veya fanlar vasitast ile
yapildig1 belirlenmistir. Incelenen barmaklarda birden
fazla havalandirma segeneginin s6z konusu olmasindan
dolay1 toplam oranlarin %100’in {izerinde oldugu
goriilmektedir. Dogal olarak olusmus havalandirma
bacalarmin  genellikle magara tipi barmaklarda
rastlanildig1 belirlenmistir (Sekil 10). Bunun yani sira,
barinak i¢i hava sirkiilasyonunu saglamak veya mevcut
hava akimmi artirmak amaciyla ¢ogunlukla son yillarda
insa edilen ahirlarda normal veya su piskiirtiiciilii
vantilatorlerin ~ kullaniminin ~ yaygin  oldugu da
gozlenmistir (Sekil 11).

Iklim kosullarinin ahirlarda havalandirma
uygulamalarmi 6nemli 6l¢iide etkiledigi, Usak ilindeki
barmaklarin ~ %88.0‘inde  havalandirmanin  yeterli
diizeyde saglandigi, benzer sekilde Dogu Anadolu
bolgesinde yer alan ancak mikroklima ilik bir iklime
sahip olan Erzincan ili merkez ilgesindeki sigir
barmaklarinin %82.7’sinde de ahir bacalarmin biitiin yil
boyunca acik tutuldugu Ozsaglicak ve Yanar [20]
tarafindan bildirilmistir. Ote yandan, kig aylarmin daha
soguk gectigi Kars ve Van illerinde yapilan galigmalarda
s6z konusu dénemlerde biitiin havalandirma bacalar ile
pencerelerin kapatildigi ve barinak i¢i havalandirmalarin
minimum  seviyelere  dislrildigi  ve  hatta
havalandirmanin yaptirilmadigi Tilki ve ark. [26] ve
Bakir [37] tarafindan rapor edilmistir.

Giibre Temizligi ve Depolanmasi:

Sanlwrfa  {li  Eyyubiye ilgesindeki  sigircilik
isletmelerinde istihdam edilen is giiciiniin biyiik bir
kismi ahir igi giibre temizligi amaciyla kullanildig1 ve
bunun bir sonucu olarak s6z konusu isletmelerin
%80’ninde giibre temizliginin insan giicii kullanilarak
siiptirge, firca ve el arabalariyla yapildigi, ancak
%5.9’unda ahir ici giibre siyiricilarin bulundugu ve



%14.1’inde ise traktdrle ¢ekilen styiricilar, forklift ve
kiiciik kepgelerin ahir i¢i giibre temizliginde kullanildig:
arastirma kapsamindaki yetistiriciler tarafindan ifade
edilmistir (Sekil 12). Benzer sekilge insan giicii ile ahir

A

N

Sekil 10. Magaralarda dogal olusum havalandirma baca
ornekleri.

Sekil 11. Hava sirkiilasyonunu hizlandirmak i¢in vantilator
kullanan isletme drnekleri.

icinde  giibre temizlik uygulamalarimin  Trakya
yoresindeki isletmelerin %94.7’sinde [38],
Kahramanmarag bolgesindeki isletmelerin %97.0’sinde
[21], Erzincan ili merkez ilgedeki isletmelerin ise
%97.5’inde [20] yapildig1 bildirilmistir. Ote yandan,
Aydin ilinde Soyer [39] tarafindan yapilan bir
arastirmada ise, isletmelerin  %67.8'inde giibrenin
barmaklardan traktdre bagl siywricilar  yardimiyla
temizlendigi ve bunu %14.9 ile kiirek ve el arabasi ile
yapilan temizlik uygulamalarinin izledigi bildirilmistir.
Benzer durum izmir ilinde Tire yoresinde Oztiirk ve Unal
[407’1n yiiriittiigi bir arastirmada, ¢aligma kapsamindaki
isletmelerde giibre temizligi sirasinda mekanizasyon
uygulamalarindan  yararlananlarin  oraninin ~ %74.0
oldugu rapor edilmistir.

Giibrelerin genellikle kiigiik Glgekli isletmelerde ahir
yakininda agikta yigilarak depolandigi, 6zellikle modern
siit sigir1 ahirlarinda ise, 6zel siyiricilar vasitasi ile
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temizlenerek 6zel kapali depolama alanlarinda biriktiren
sistemlerin kullanildig1 tespit edilmistir. Magara tipi
barmaklarda ise giibrelferin barinak disinda belirli bir
yerlerde agiga dokiildiigii ve buradan da belirli araliklarla
uzaklastirildigi belirlenmistir. Bu baglamda, Eyyubiye
ilgesindeki arastirma konusu isletmelerin %89.6’sinda
acikta ahir civarinda, %5.2’sinde giibre ¢ukurlarinda ve
%5.2’sinde diger yontemlerle giibrenin depolandigi
belirlenmistir. Ilcede modern isletmecilik anlaminda
s1g1r barmaklarinda iiretilen giibrenin ancak %10.4’{iniin
kapal1 kosullarda depolandigi, benzer oranlarin Erzurum
Askale ilgesinde (%13.4), Burdur ilinde (%5.0), Mersin
ilinde (15.8) ve Kahramanmaras ilindeki (%13.8)
isletmelerde de s6z konusu oldugu sirasiyla Kogyigit ve
ark. [9], Cayir ve ark. [41], Erkan, [15], Giizel [34]
tarafindan bildirilmistir.

Otomatik mekanik
siyiricilarla

; 905.9

Elle siipiirme ve el arabasi ile tasima; %80.0

Sekil 12. isletmelerde giibrenin ahirdan temizleme yontemine
ait oranlar

Yetistiricilerin ~ 6grenim  seviyelerine gore giibre
depolama yerlerinin degisimine ait sonuglar Sekil 13” da
sunulmustur.  Yapilan istatistiksel degerlendirme
giibrenin  depolanma  alanlarinin  se¢imi  {izerine
yetistiricilerin 6grenim durumlarinin 6nemli derecede
(P<0.05) etkili oldugu saptanmistir. Ogrenim seviyesinin
artistyla beraber giibreyi giibre ¢ukurlarinda depolayan
isletmelerin sayisinin arttigi gériilmektedir. Ote yandan,
yetistiricilerin 6grenim seviyesi diistiikge, ahir civarinda
acik bir halde giibre depolamasinin daha yaygin hale
geldigi belirlenmistir.

Giibrenin Degerlendirilmesi:

Eyyubiye ilgesindeki sigircilik isletmelerinde {iiretilen
giibrenin %1.5’inin yakit olarak kullanildigi, %18.5’inin
satildigi, %24.4’tnlin ¢6p oldugu, %39.3’liniin de
bitkisel iiretimde giibre olarak kullanildigi, isletmelerin
%15.6’sinda bu Dbelirtilen segeneklerin hepsinin ve
%0.7’sinde de diger segeneklerin gegerli oldugu tespit
edilmistir (Sekil, 14). Genelde kendi arazisi olmayan
isletmecilerin  giibreleri satan kesimi olusturdugu,
bitkisel iiretimde de bulunan isletmecilerin giibreyi kendi
arazilerinde kullandigi, ¢op oluyor diyen yetistiricilerin
ise, barnaklart yerlesim alanlar1 i¢inde olan ve kisa
zaman araliklarla iiretilen giibreyi sehir disina tasimak
zorunda kalan isletmecilerden olustugu goriilmiistiir.
Iklim, cografik ve ekonomik kosullara bagl olarak ahir



giibresinin  degerlendirilme alanlar1 farkliliklar arz
edebilmektedir. Ornegin, Izmir ilinde Tire yoresinde
yapilan bir arastirmada, kooperatife kayith igletmelerin
%99.0’min giibreyi bitkisel tiretimde kullandig1, ancak
isletmelerin  %1.0’inin yakacak olarak kullanildig:
saptanmigtir  [40]. Boz [42] ise, Dogu Akdeniz
Bolgesi’nde giibreyi kendi arazisinde degerlendirenlerin
oraninin %62.5, diger ciftcilere satanlarin oranin da ise
%20.0 oldugu rapor etmislerdir. Ote yandan, Meyer ve
ark. [43]’da, ABD’nin Kaliforniya eyaletinde bulunan
sigircilik isletmelerinin %78.4 tiniin trettikleri gilibreyi
kendi arazilerinde kullandiklari bildirilmigtir.

W Ahir Yakininda Agikta
M Disarida Gibre Cukurunda

H Diger

100

rreyi nerede depoluyorsunuz?

Ogrenim Durumu

Sekil 13. Isletmelerde 6grenim durumlarina gére, giibrenin
depolandig1 yerin degisimi.

Yataklik Kullanma ve Temizlik Yapma Stkligi:

Eyyubiye ilgesindeki sigircilik isletmelerinin %79.8’inde
altlik kullanilmadigi, ve altlik kullanmama sebepleri
arasinda, altliklarin serilmesi tekrardan toplanmasinin
ekstra iggiicii gerektirmesi ve zaman alic1 olmasi yani sira
altlik kullanmaksizin giinliik yapilan temizliklerin yeterli
olacagi gibi kanaatlerin rol oynadig1 yetistiriciler
tarafindan ifade edilmistir. Tlgede altlik kullanmay tercih

Yakiyor
%15

Tarlada giibre
oluyor %39.3

Sekil 14. Isletmelerde giibrelerin degerlendirilme sekli yiizde
oranlari
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etmeyen isletmelerin genelde giinliik temizlik yaptiklar
ya da aylik olarak biriken giibrenin kepgeli traktorler
yardimiyla ahirda uzaklastirildigi belirlenmistir. Bu
konuda farkli bolgelerde yapilan ¢alismalarda, Erzincan
ili merkez ilgedeki sigir ahirlarinin %79.8’inde, Usak
ilindeki isletmelerin  %92.0’sinde, Ankara ili Ayas
ilgesindeki sigir barmaklarinin %89.3’linde, Diyarbakir
ilindeki isletmelerin %93.4’tinde althik kullanilmadig:
Ozsaglicak ve Yanar [20], Kose [44], Sahin [45] ve Han
ve Bakir [10] tarafindan bildirilirken, bu oran Erzurum ili
Narman ilgesinde %78.8 [18], Kars ili merkez ilgede
%71.6 [19] ve Mus ilinde %55.9 olarak [8] rapor
edilmistir.

Isletme sahiplerinin 8grenim durumlar1 ile altlik
kullamimlar1 arasindaki iliskiler incelendiginde elde
edilen sonuglar Sekil 15°de gdsterilmistir. Yapilan analiz
sonucunda isletmecilerin d6grenim durumlarinin, altlik
kullanimi  {izerine etkisi ¢ok onemli (P<0.01)
bulunmustur. Elde edilen bulgular, okuryazar ve ilkokul
terk 6grenim seviyesinde olan isletmecilerin daha yaygin
oranda altlik kullandigin1 ortaya koymustur.

Sanlwrfa ili merkez Eyyubiye ilgesinde %20.2 oraninda
altlik kullanan sigircilik isletmelerinin, %56’s1 hububat
sapini, %32’si hububat samanini ve %12’si de
kurutulmus giibreyi yataklik olarak tercih ettikleri tespit
edilmistir. Yorede bugday ekiminin yaygin, fiyatinin
ekonomik ve kullanimiin kolay olmasi s6z konusu
sigircilik isletmelerinde yaygimn olarak bugday sapt ve
samaninin altlik olarak kullanilmasma neden oldugu
sOylenebilir. Tirkiye’nin farkli bolgelerinde bulunan
sigircilik isletmelerinde kullanilan altlik malzemenin
yorelere bagli olarak degisim gosterdigi, Giresun
bolgesindeki sigir barinaklarmin  %52’sinin  bolgede
kolay bulunan gazel-findik patos artigi, %14.7’si kuru
yapraklart ve %14.2’si kuru giibreyi althk olarak
kullanildigi Tugay ve Bakir [11] tarafindan bildirilmistir.
Ote yandan, Demir ve ark. [19] ise, Kars bdlgesinde
yaptigi bir ¢aligmada, althk kullanan isletmelerin
%67.2’sinde  yataklik malzemesi olarak samanin
kullanildigi, Giiler ve ark. [18] da, kurutulmus giibrenin
(%87.8) en yaygin olarak kullanilan altlik materyal
oldugunu, bunu %10.9 oraniyla hububat sap1 ve
samaniin takip ettigini belirtmislerdir. Aksaray’daki
sigir  ahirlarinda  kullanilan en yaygin yataklk
malzemenin kuru giibre (%69.1) oldugu, bunu %30.9
oraniyla sap ve saman kullaniminin takip ettigi Tatar [35]
tarafindan bildirilmistir. Ayn1 aragtirici, Ankara’daki
sigircilik isletmelerinde ise, sap-saman-talasin (%85.7)
en yaygin olarak tercih edilen yataklik malzemesi oldugu
ve bunu kauguk altlik (%14.3) kullaniminin takip ettigini
tespit etmistir.

Altlik kullanilmayan isletmelerde genellikle gilinliik
temizlik yapildigi, ya da biriken giibrenin aylik olarak
traktore takilan bir aparat veya kepge yardimiyla
temizlendigi belirlenmistir. S6z konusu bu igletmelerin
%4.5’1 giinde bir defa, %69.4’1i giinde iki defa, %1.8’i
giinde 3 defa, %24.3’1i ise iki giinde bir defa olmak iizere
temizlik yaptiklar ve bu isletmelerde genellikle sabah ve
aksam olmak tizere giinde 2 kez giibre temizligi yapildig:
belirlenmistir (Sekil 16).
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Sekil 15. Isletme sahiplerinin 6grenim durumlarina gére, althk
kullaniminin degisimi.

2 giinde 1

defa
Giinde 3 defa %1.8

%24.3

Giinde 2 defa %69.4

Sekil 16. Altlik kullanmayan isletmelerde hangi siklikta hayvan
altlarinin temizlendiginin yiizde oranlari.

SONUC

Sanlurfa ili merkez Eyyubiye ilgesinde mevcut sigir
barmaklarinin konumlari agisindan degerlendirildiginde
yaklasik % niin miistakil konumda oldugu ve Y4 niin ise
Tiirkiye’nin diger bolgelerinde pek fazla rastlanilmayan
magara tipi sigir  barmnaklart  seklinde oldugu
belirlenmistir. Yetistiriciler arasinda magaralarin yaygin
bir oranda sigir barinagi olarak tercih edilme sebebi
“magara barmak kiralarmmin olduk¢a ekonomik
olmasindan dolay1” oldugu isletmecilerin %71.4’0
tarafindan ifade edilmistir. Elde edilen bulgular ve
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gozlemler, 6zellikle 6nceki yillarda yapilan, eski ve halen
kullanilan sigir barmaklarinin yapiminda gerekli ahir
standartlarina tam olarak uyulmadigi ve ciddi oranda
yapisal problemlerin bulundugunu ortaya koymustur.
Diger yandan il genelinde son yillarda plan ve projelerine
bagli olarak yapilan yari agik sigir barmaklarinda

iklimlendirme ile ilgili  herhangi bir sorunla
karsilagilmadigi, barmak problemlerinin  minimum
diizeylerde oldugu da  belirlenmistir.  Ilcedeki

yetistiricilerin 6grenim seviyeleri yiikseldikce ev alt1
ahirlara sahip isletmeci sayisinin azaldigi, yart agik ahir
tipini tercih ettikleri gozlenmistir. Eyyubiye il¢esinde
bulunan sigir barmaklarinda belirlenen eksikliklerin ve
kusurlarin  diizeltilmesi ile genel anlamda hayvan
refahinin  ve ekonomik olarak da verimlerinin
ylikselecegi ifade edilebilir.
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Bu ¢alismanin amaci Tiirkiye su keneleri faunasina katki saglamaktir. Kulp il¢esinden (Diyarbakir, Tiirkiye) 2020-
2021 yillarinda akarsu ve kaynaklardan toplanan su keneleri (Acari, Hydrachnidia) ornekleri degerlendirilmistir. 22
farkli lokaliteden toplam 713 su kenesi drnegi toplanmistir. Bu 6rneklerin degerlendirilmesi sonucu 14 familyaya ait

toplam 58 tiir tespit edilmistir. Tespit edilen tiirlerin tamami Diyarbakir ilinden ilk defa kaydedilmistir. Tadjikothyas
connexa Sokolow, 1948 Tiirkiye su keneleri faunasi i¢in yeni kayittir.

Anahtar Kelimeler: Su keneleri, yeni kayit, akarsu, Kulp ilgesi, Tadjikothyas

The Water Mites (Acari: Hydrachnidia) Fauna of Kulp District (Diyarbakir Province /
Tiirkiye)

ABSTRACT

The aim of this study is to contribute to the water mites fauna of Tiirkiye. In this study, the water mites have been
collected from running waters and springs in Kulp District (Diyarbakir Province, Tiirkiye) between 2020-2021 years.
In total, 713 specimens were collected from 22 different localities. As a result of this study, 58 water mites which
belongs to 14 families have been determined. All identified species have been recorded for the first time from
Diyarbakir Province. Additionally, the species Tadjikothyas connexa Sokolow, 1948 is also a new record for the
Turkish water mites fauna.

Keywords: Water mites, new record, running waters, Kulp District, Tadjikothyas

GIiRiS ornekleri degerlendirilen bu caligmayla Tirkiye su
keneleri faunasma ve problemli tiirlerin sistematik
Acari alt smifi i¢inde yer alan su keneleri polifiletik  sorunlarinin ¢éziimiine katkida bulunulmustur.
gruplarindandir.  Hydrachnellae, Hydracarina veya
Hydrachnidia olarak da bilinmektedir. Hydracarina ilk MATERYAL ve YONTEM
once kullanilan terimdir. Fakat bu isimlendirme
Halacaridae’yi de kapsamaktadir. Bununla birlikte
morfolojik ve yasam dongiileri agisindan Halacaridae
iiyeleri Hydrachnidia’dan farklidir [1].
Goz alict ve parlak renkleri, degisebilen morfolojik
yapilar1 ve 0,2-10 mm arasinda degisen biiytikliikleri ile
8 {iistfamilya iginde, 57 familya, 400 iizerinde cins ve
6000’den fazla tiirii barindirmaktadir. Diinyada tiim ig
sularda  10.000  {izerinde  tirlin  olabilecegi
diisiiniilmektedir. Tiirkiye’nin de igerisinde yer aldig
Palaearktik bolge en iyi arastirilmis alanlardan biridir.
Bolgede kaydedilmis tiir sayis1 1642°dir [2]. Tiirkiye’de
toplam 25 familya, 65 cins ve 335 tiir belirlenmistir [3-
4].
Bu ¢alismanin amaci, simdiye kadar su kenelerine ait
herhangi bir kayit bulunmayan Diyarbakir ili Kulp
ilgesinin su keneleri varligini ortaya koymaktir. Birikinti
sular bakimindan smurli, fakat akarsu ve kaynak sulari
bakimindan zengin olan bu ilgeden toplanan su keneleri
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Arazi ¢aligmalar1, Haziran 2020 ve Ekim 2021 arasinda
yapilmistir. Ornekler, Diyarbakir ili Kulp ilgesi smirlar
iginde bulunan kaynak, dere ve ¢aylardan (Sekil 1) tiilden
yapilmis akvaryum kepgeleri, damlalik ve gozenek
caplar1 0,5 ile 2 mm arasinda degisen elekler kullanilarak
toplanmigtir. Bu alanlardan alinan yosun, ¢amur ve kum
ornekleri tazyikli su altinda elek serilerinden gegirilmis,
igerisinde bir miktar su bulunan beyaz zeminli kiivetlere
bosaltilmis ve su keneleri pipetlerle ayiklanmistir. Kiigiik
saklama sigelerine alman su kenesi ornekleri Koenike
stvisinda (5 kisim gliserin, 3 kisim saf su, 2 kisim sirke
asidi,) tespit edilmistir. Toplanan su keneleri incelenmek
amaci ile lamlara alinmig, birka¢ damla gliserin
igerisinde o6zel sekiller verilmis, ince uglu pens ve
diseksiyon ignesi yardimi ile steromikroskop altinda,
farkli organlar ¢ikarilan 6rneklerin sekilleri ¢izilmis ve
6lgtimleri yapilmustir.
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Sekil 1. Kulp (Diyarbakir / Tiirkiye) Haritast

Bazi 6rneklerin agartilmasi i¢in %70’lik laktik asitte 15
dakika, %]10’luk KOH ¢ozeltisinde 20-30 dakika
bekletilmistir [5].

BULGULAR

Diyarbakir’in Kulp ilgesinden tespit edilen tiirlerin
lokalite ve ornek sayilari ile Tirkiye faunasi i¢in yeni
kayit olan Tadjikothyas connexa Sokolow, 1940’
tanimi ve ¢izimleri asagidaki gibi verilmistir.
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Ustfamilya: HYDRYPHANTOIDEA
Familya: HYDRYPHANTIDAE Piersig, 1896

1. Hydryphantes (s.str.) ruber (De Geer, 1778):
Hanzik Deresi, 29.08.2020, 1 nimf.
2. Tadjikothyas connexa Sokolow, 1940:
Hiskabut Koyii, kaynak, 05.09.2021, 1 & (Sekil
2-3).
ERKEK

Viicut sirt ve karin yoniinde basik, 830/605 um
biiyiikliigiindedir. Sirt plaklar: kitin kopriilerle birbirine
baglidir. Yalnmiz birinci merkezi plaklar (Dc-1)



birbirinden uzaklagmis ve kitin koprii yoktur (Sekil 2A).
Gozler arasindaki mesafe 340 pm’dir.

Gnatozoma cikintist hafifce asagi dogru egik,
ylizeyi nokta c¢ukurlukludur. Gnatozoma alt kenar
uzunlugu 170 pm’dir. Keliser 206 um, tirnak 51 pm
uzunlugundadir (Sekil 2C). Killarin palp parcalarina

dagilimi; 1-5-2-3-2  seklindedir (Sekil 2D). Palp
pargalarinin iist uzunlugu; 30-80-40-109-36 = 295
pm’dir.

Epimer boylar1 sirasiyla 170-153-174-165

pm’dir. Epimer yiizeyleri kalbur seklinde cukurlukludur
(Sekil 2B).

Eseysel bolgenin boyu 161 pm, genisligi 142
um’dir. Eseysel plaklar i¢ kenarda 20-22 adet kil tasir
(Sekil 2E). Plaklarin yiizeyi nokta cukurlukludur.
Eseysel ¢ukurluklar 30 pm boyundadir. Bosaltim agikligi
plak {izerinde, oval ve 38 um genisligindedir.

Bacaklarda yiizme kili yoktur (Sekil 3A-D).

Diinyadaki Yayihsi: Tacikistan ve iran [6].
Tiirkiye faunasi igin yeni kayittir.

3. Protzia halberti (Walter, 1920): Islamkdy,
Kaynak, 23.10.2021, 12.

Familya: HYDRODROMIDAE K. Viets, 1936

1. Hydrodroma torrenticola (Walter, 1908):
Karabulak-Kaniya Bawiya, Dere, 10.07.2020, 3
34, 5 Q9; Tasdiken-Degirmen, Dere,
14.07.2020, 2 33, 6 Q9Q; Senyayla, Dere
14.07.2020, 2 29, 1 nimf; 05.09.2021, 2 43, 7
Q9,1 nimf; Agilli - Gomak;, Dere, 27.09.2020,
6 29,2 &3, Kogkar Deresi, 19.05.2021,1 ¢, 2
83 Sakirhan Cay1, 05.06.2021, 3 99, 2 nimf;
Kulp Cayi, 19.06.2021, 3 99; Sarum Cay1,
24.06.2021, 1 &, 4 9Q; Karabulak, Cay Golii,
05.08.2021, 4 448, 1 Q; Soravan Cayl,
05.09.2021, 1 9.

I"Jstfamilya: LEBERTIOIDEA
Familya: SPERCHONTIDAE Thor, 1900

1. Sperchon (Hispidosperhcon) beckeri Bader &
Sepasgozarian, 1984: Gomak  Deresi,
27.09.2020, 1 Q; Islamkdy, Su deposu, kaynak,
23.10.2021,1 &.
Sperchon (Hispidosperchon) clupeifer Piersig,
1896: Gomak Deresi, 27.09.2020, 5 44, 1
nimf; Balurka Cay1, 09.05.2021, 1 9.
Sperchon (Hispidosperchon) hispidus
(Koenike, 1895): Karpuzlu-Mezra Deresi,
27.09.2020, 1 &; Senyayla, Dere, 05.09.2021, 1
3,192.
Sperchon  (Hispidosperchon)  papillosus
(Thor, 1901): Gomak Deresi, 04.09.2021, 19.
Sperchonopsisverrucosa (Protz, 1896):Gomak
Deresi, 04.09.2021, 1 &.

Familya: TEUTONIIDAE Koenike, 1910
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1. Limnolegeria longiseta Motas, 1928: Gomak
Deresi, 27.09.2020,1 &'1 Q; 04.09.2021, 1 & 4

Q9,2 nimf,

Familya: ANISITSIELLIDAE Koenike, 1910
1. Nilotonia (Dartiella) longipora (Walter,
1925): Caglayan-Germebat, kaynak,
05.09.2020, 1 9; Hanzik Koyi, kaynak,
23.10.2021,1 9.

Familya: LEBERTIIDAE Thor, 1900

1. Lebertia (s.str.) glabra Thor, 1897: Hanzik
Deresi, 29.08.2020, 1 ; Gomak Deresi,
04.09.2021, 1 3.
Lebertia (Pilolebertia) insignis Neuman, 1880:
Soravang, Dere, 08.07.2020, 3 99; Karpuzlu-
Mezra Deresi, 27.09.2020, 1 Q; Gomak Deresi,
04.09.2021,1 3,4 29.
Lebertia (Pilolebertia) longiseta Bader, 1955:
Gomak Deresi, 04.09.2021, 2 &8, 1 @;
Senyayla Deresi, 05.09.2021, 4 3&.
Lebertia (Pilolebertia) porosa Thor, 1900:
Senyayla Deresi, 14.07.2020, 2 ¢ 9;05.09.2021,
5 33, 2 99; Sarum Cay1 05.09.2020, 1 J;
24.06.2021, 1 &; Zikte Deresi, 05.09.2020, 1 3,
4 QQ: Gomak Deresi, 27.09.2020,3 34, 4 9 Q;
Sakirhan Cay1, 05.06.2021, 2 J&J&; Mezra
Deresi, 04.09.2021, 1 Q;.
Lebertia (Mixolebertia) sefvei Walter, 1911:
Islam K6y, Kaynak, 29.08.2020, 3 99.

Familya: TORRENTICOLIDAE Piersig, 1902

1. Monatractides (s.str.) aberratus (Lundblad,
1941):Mezra Deresi, 27.09.2020, 2 33, 1 @;
04.09.2021, 1 Q.
Monatractides (s.str.) algeriensis (Lundblad,
1941):Balurka Cayi, 19.05.2021,2 9%.
Monatractides (s.str.) lusitanicus (Lundblad,
1941):Mezra Deresi, 27.09.2020, 1 Q; Gomak
Deresi, 27.09.2020, 1 Q; 04.09.2021, 5 343, 9
QQ; Islam K&y, Hanzik Deresi, 23.10.2021, 1

Monatractides (s.str.) madritensis (Viets,
1930):Senyayla Deresi, 05.09.2021, 2 J443;
Gomak Deresi, 27.09.2020, 1 &.
Monatractides  (s.str.)  persicus
2004:Kulp Cay1, 10.07.2020, 1 ¢.
Monatractides  (s.str.) stadleri (Walter,
1921):Karabulak Kdyii, Dere, 10.07.2020, 1 &;
Tasdiken-Degirmen, Dere 14.07.2020,3 33, 1
Q; Balurka Cayi, 09.05.2021, 2 9Q; Caglayan,
Dere, 05.09.2020, 1 Q; Kulp Cay1, 19.06.2021,
2 9Q; Gomak Deresi, 04.09.2021, 20 33, 29
QQ; 27.09.2020, 11 44, 6 9Q; islam Koy,
Hanzik Deresi, 23.10.2021, 3 9.
Monatractides (s.str.) vafaei Pesic,
2004:Sarum Cay1, 24.06.2021, 1 &, 9 29;
05.09.2020, 1 &, 1 9; Soravan Cayi,
05.09.2021,1 &.

Pesic,



8. Torrenticola  (s.str.)  barsica  (Szalay, 13. Torrenticola ~ (s.str.)  ungeri  (Szalay,
1933):islam K&y, kaynak, 29.08.2020, 2 99; 1927):Sakirhan Cayi, 18.11.2020, 1 &; Kulp
Sakirhan Cayi, 05.06.2021,1 2, 3 8J. Cayi, 19.06.2021, 1 &;Gomak Deresi,

9. Torrenticola (s.str.) brevirostris (Halbert, 04.09.2021, 6 34, 1 Q; Senyayla Deresi,
1911): Mezra Deresi, 27.09.2020, 1 @, 2 8J; 05.09.2021, 4 33,12 22.

Kogkar Deresi, 19.05.2021, 1 ©; Kulp Cay, 14. Torrenticola (Megapalpis) jasminae Bader,
19.06.2021, 1 2. 1988: Senyayla Deresi, 05.09.2021,2 &

10. Torrenticola  (s.str.)  dudichi  (Szalay, 15 Torrénticglay (Me a’al 'is). er;ica I5esic
1933):Senyayla Deresi, 14.07.2020, 5. o008, 1D 9.p05p09 20'%1 o

11. Torrenticola (s.str.) laskai Di Sabatino, -Senyayla Deresi, 05.09. ’ '
2009:islam K&y, Dere, 29.08.2020,1 9,1 J.

12. Torrenticola  (s.str.) oraviensis Laska,

1953:Senyayla Deresi, 05.09.2021, 2 33.

Sekil 2. Tadjikothyas connexa Erkek, A = Viicut, iistten, B = Viicut, alttan, C = Keliser, D = Palp, igten, E = Eseysel bolge (Olgekler
=100 um).
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Sekil 3. Tadjikothyas connexa Erkek. A = I. bacak, B = II. bacak, C = III. bacak, D = IV. bacak (Olgek = 100 um)
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Sekil 4. Tadjikothyas connexa schwoerbeli Disi. A = Viicut, iistten, B = Viicut, alttan, C = Palp, igten, D = Palp, distan (Olgekler
=100 um).

Familya: HYGROBATIDAE Koch, 1842

Ustfamilya: HYGROBATOIDEA 1. Atractides  (s.str)  allgaier  Gerecke,
2003:islam K&y, kaynak, 29.08.2020, 1 Q.
Familya: LIMNESIIDAE Thor, 1900 2. Atractides (s.str.) anellatus Lundblad, 1956:

1. Limnesia (s.str.) walteri Migot, 1926: Balurka Agulli-Gomak Deresi, 27.09.2020, 1 3.

. 3. Atractides (s.str.) fluviatilis (Szalay, 1929):
,09.05.2021,1 ;S ,24.06.2021, .
fzgl d; Sanm Cay! Senyayla Deresi, 05.09.2021,2 9%.

4. Atractides (s.str.) glandulosus (Walter, 1918):
Agilli-Gomak Deresi, 04.09.2021, 1 &.
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10.

11.

12.

13.

14.

15.

16.

17.

Atractides  (s.str.) graecus K. Viets,
1950:Agilli-Gomak Deresi, 27.09.2020, 2 9 Q.
Atractides (s.str) inflatipalpis (K. Viets,
1950):Senyayla Deresi, 14.07.2020, 1 $.
Atractides (s.str.) inflatus (Walter, 1925):
Balurka Cayi, 09.05.2021, 1 9; Kogkar Deresi,
19.05.2021, 4 99.

Atractides (s.str.) nodipalpis (Thor, 1899):
Senyayla Deresi, 14.07.2020, 1 9.

Atractides  (s.str.) panniculatus (Viets,
1925): Astol Deresi, 05.09.2020, 1 Q.
Atractides  (s.str.)  robustus  (Sokolow,

1940):Degirmen Deresi, 14.07.2020, 1 Q.
Atractides (Tympanomegapus) acutirostris
(Motas & Angelier, 1927): Mezra Deresi,
27.09.2020, 2 33; Kogkar Deresi, 19.05.2021,
1 Q; Sakirhan Cayi, 05.06.2021,2 9%.
Hygrobates (s.str.) anatolicus Esen & Pesi¢,
2013: Gomak Deresi, 04.09.2021, 10 4&, 11
QQ; Senyayla Deresi, 05.09.2021, 3 4.
Hygrobates (s.str.) calliger Piersig, 1896:
Senyayla Deresi, 14.07.2020, 1 &; 05.09.2021,
533, 2 Q9; Sarum Cay1, 24.06.2021, 2 343, 1
Q; Sakirhan Cayi, 05.06.2021, 3 33, 2 29;
Kulp Cayi, 19.06.2021, 1 Q; Gomak Deresi,
04.09.2021,3 33, 1 9.

Hygrobates (s.str.) longiporus Thor, 1898:
Senyayla Deresi, 14.07.2020, 2 99; Gomak
Deresi, 27.09.2020, 1 &, 1 @; 04.09.2021, 3
33,5 29Q; Soravan Cayi, 05.09.2021, 1 &;
Sarum Cay1, 24.06.2021, 2 3J3.

Hygrobates (s.str.) nigromaculatus Lebert,
1879: Agackurur-Soravang, Dere, 08.07.2020, 1
Q.

Hygrobates (s.str.) trigonicus Koenike, 1895:
Soravang Deresi, 08.07.2020, 2 &J&, 3 29;
Karabulak, Dere, 10.07.2020, 5 34, 7 2%;
05.08.2021, 4 &J&; Senyayla Deresi,
14.07.2020, 19 443, 11 22, 1 nimf; Sarum
Cayi-Cavus Golii, 05.09.2020, 1 &, 6 29;
Gomak Deresi, 27.09.2020, 1 9, 2 nimf; Kulp
Cay1, 19.06.2021,7 38, 1 Q; Balurka Cayz,
09.05.2021, 7 44, 35 29; Kogkar Deresi,
19.05.2021, 2 29, 1 &; Sakirhan Cayu,
05.06.2021, 1 &, 2 2Q9; Sarum Cayi,
24.06.2021, 11 34,12 99.

Hygrobates (s.str.) turcicus Pesi¢, Esen &
Dabert, 2017: Kogkar Deresi, 19.05.2021, 3
Q9 Gomak Deresi, 04.09.2021, 2 33, 6 92;
Kulp Cayi, 19.06.2021, 1 @; Senyayla Deresi,
05.09.2021, 1 Q; Sarum Cay1, 24.06.2021, 1 .

Familya: UNIONICOLIDAE Oudemans, 1909

1.

Neumania  (s.str.)  uncinata  Walter,
1927:Mezra Deresi, 27.09.2020, 1 &, 1 ¢, 1
nimf; 04.09.2021, 5 3d, 22  Q; Gomak Deresi,
04.09.2021, 1 nimf.

Familya: PIONIDAE Thor, 1900
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1. Forelia variegator (Koch, 1837): Soravan
Cayi, 05.09.2021,1 Q.

Familya: ATURIDAE Thor, 1900
1. Axonopsis (Hexaxonopsis) serrata Walter,
1928:Mezra Deresi, 27.09.2020, 2 43, 1 Q;
Balurka Cayi, 04.09.2021, 12 33, 11 99;
Senyayla Deresi, 05.09.2021, 3 3438, 1 @;
Soravan Cay1, 05.09.2021, 1 Q.

2. Brachypoda (Hemibrachypoda) baderi Di

Sabatino & Cicolani, 1991: Mezra Deresi,
27.09.2020,5 34, 11 92.
Brachypoda (Hemibrachypoda) orientalis
Pesi¢ & Esen, 2013: Mezra Deresi, 27.09.2020,
2 38, 3 29; 04.09.2021, 20 443, 14 99;
Gomak Deresi, 27.08.2020, 1 ¢; 04.09.2021, 5
33, 11 29; Senyayla Deresi, 05.09.2021, 3
33,229

Familya: MIDEOPSIDAE Koenike, 1910

1. Mideopsis (s.str.) crassipes Soar, 1907:Sarum
Cayi, 24.06.2021, 1 &, 3 99:; Gomak
Deresi,04.09.2021, 4 &3, 9 29; Senyayla
Deresi, 05.09.2021,5 9%.

2. Mideopsis  (s.str.) orbicularis (Miiller,
1776):Soravang, Dere, 08.07.2020, 1 ¢ ;
Karabulak, Dere, 10.07.2020, 2 99; Senyayla
Deresi, 14.07.2020, 1 &, 7 2Q; Gomak Deresi,
27.09.2020,2 43,8 99, 04.09.2021, 3 34, 10
QQ; Kogkar Deresi, 19.05.2021, 1 &3.

Familya: ARRENURIDAE Thor, 1900
1. Arrenurus (s.str.) albator (Miiller, 1776):
Mezra Deresi, 04.09.2021, 2 Q9.
2. Arrenurus  (Micruracarus)  bipapillosus
Halbert, 1911: Mezra Deresi, 04.09.2021, 1 &,
2 29, 1 nimf; Soravan Cayi, 05.09.2021, 2 37,
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Bu ¢alismada, Diyarbakir’in Kulp ilgesinde ¢esitli su
kaynaklarindan toplanan 14 familyadan 713 bireye ait 58
farkli tiir teshis edilmistir. Tirlerin familyalara gore
dagilimi siras1 ile su sekildedir; Hydryphantidae 3,
Hydrodromidae 1, Sperchontidae 5, Teutonidae 1,
Anisitsiellidae 1, Lebertiidae 5, Torrenticolidae 15,
Limnesiidae 1, Hygrobatidae 17, Unionicolidae 1,
Pionidae 1, Aturidae 3, Mideopsidae 2 ve Arrenuridae 2
(Sekil 5). Hygrobatidae en fazla tiir tespit edilen
familyadir. Kulp ilgesinde birikinti, gol ve golet
bulunmadig: icin tespit edilen tiirlerin hepsi akarsu ve
kaynak ornekleridir. Bu baglamda, akarsu orneklerinin
degerlendirilmesi sonucunda biyogesitliligin oldukca
zengin oldugu séylenebilir.

Caligma sahasinda tespit edilen tiirlerden Sperchon
(Hispidosperchon) beckeri Bader & Sepasgozarian,
1984’nin, Elazig ilinden sonraki ilk kayd: Kulp
ilcesinden verilmistir. Bu kayit, tiiriin yayilis alaninin
daha da genis oldugunu gostermektedir. Malatya ilinden



ilk defa tespit edilen Lebertia (Mixolebertia) sefvei
Walter, 1911’in li¢ disi bireyi kaydedilmistir. Ayrica
Tiirkiye faunasi i¢in endemik olan ve Kahramanmaras
ilinden tespit edilen Hygrobates (s.s.tr) anatolicus Pesi¢
& Esen, 2013 tiirt, Siirt ilinden sonra bu ¢aligma ile Kulp
ilgesinden de kaydedilmistir. H. anatolicusun yayilig
alaninin daha genis olabilecegini diigiinmekteyiz.

Familyalar ve Tiir Sayilar1
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Sekil 5. Kulp ilgesinden tespit edilen su kenelerinin familyalara
gore tiir sayilar1.

Ulkemiz sularindan Tadjicothyas connexa’nimn alt tiirii
olan T. connexa schwoerbeli Ozkan, 1988nin kayitlart
Mus [7], Kayseri [8], Tunceli ve Erzincan’dan [9]
verilmistir. Ozkan [7] alttiirii T. connexa ve T. fibulata ile
karsilastirdiginda palpin kisa, P-2 ve P-4’te ikiser kil
bulundugunu, sirt plaklarindaki nokta ¢ukurluklarin az
sayida ve diizensiz, I. frontal plagin ucunun 6ne yonelik,
oval karin plaklarmin bosaltim acikliginin  kitin
halkasindan biiyiikk ve bacak killarmin farkli oldugunu
belirtmistir. Sultan sazligindan kaydedilen bir 6rnekte de
P-1°de iki kil bulunmakta, I. frontal plagin ucu 6ne
yoneliktir [10].

Mus’tan ilk defa tanimlanan alttiir sirasiyla Kayseri,
Tunceli ve Erzincan’dan da kaydedilmistir. Bu tiire ait
Tunceli ve Erzincan’dan toplanan &rnekler T. connexa
schwoerbeli ile uygunluk gostermektedir (Sekil 4).
Incelenen disi 6rneklerde 6nemli bazi viicut boliimlerinin
Olglimleri; viicut buyikligi 1075-1162/790-808 um;
palp parcalarinin st uzunlugu (41-50)-(110-117)-(52-
66)-(150-165)-(34-39) = 387-437 um; keliser uzunlugu
290-377 um; tirnak uzunlugu 65-70 pm; gnatozoma alt
kenar uzunlugu 220-250 pm; eseysel bolge biiyiikliigii
252-256/170-191 pm; bosaltim agiklig1 genisligi 55 pm;
bosaltim agikligina eslik eden plaklarin genisligi 85-113
pum seklindedir.

Kulp ilgesinden toplanan, bir erkek bireye ait
ornegimizde, P-1"de bir kil, P-4’te i¢ yan tarafta kalin bir
kil ve u¢ kisimda iki ince kil olmak {izere toplam 3 kil
vardir. I. frontal plaklarin ucu hafif yana yonelik, karin
plaklarinin biiyiikligii bosaltim agiklig kitin halkasi ile
hemen hemen aymi biyikliktedir. T. connexa
schwoerbeli P-1’de iki kil bulunmasi ve bosaltim
acikliginin yaninda bulunan plaklarin daha genis olmasi
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ile T. connexa’dan kolayca ayrilmaktadir. T. connexa
ornegimiz Pesic vd. [11]’nin Iran’dan verdigi bir disi
ornek ile P-1’de bir kil bulunmasi, karm plaklarinin
bosaltim agiklig1 kitin halkas1 biiyiikligiinde olmas1 ve
bacak killarmnin benzerlik gostermesi bakimindan
tamamen uyusmaktadir. Kulp ilgesinden yakalanan
ornekte birinci merkezi sirt plaklari (Dc-1) ortada
birbirbirinden uzaklagmig ve aralarinda kitin koprii
yoktur. Bu ozellikleri ile tiir i¢cin daha once verilen
ozelliklerden farklilik gostermektedir. T. connexa
schwoerbeli ve T. connexa’nin sistematik durumu daha
fazla toplanacak orneklerin degerlendirilmesi ile acikliga
kavusturulabilir.
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Bu calismada; Akdeniz Bolgesine ait olan Adana, Antalya, Burdur, Isparta, Mersin, Hatay, Kahramanmaras ve
Osmaniye illerinin yillik ortalama kozmik radyasyon doz esdegerleri tespit edilmeye g¢alisilmis olup bu degerler
RGY(Radyasyon Giivenlik Yonetmeligi) ve ICRP(Uluslararas1 Radyasyondan Korunma Komisyonu)’nun belirlemis
oldugu degerler ile karsilastirilmistir. Ayni zamanda Orta Karadeniz Bolgesinde, ayni programla yapilan farkli calisma
ile sonuclar karsilastirilmistir. Yapilan tiim dlgiimler sonucunda en fazla maruziyet 467,6 nSv/y deger ile Isparta iline
ait iken en az maruziyet degeri ise 285,4 puSv/y ile Mersin iline ait ¢ikmistir. RGY ve ICRP’ye gbre maruziyet orant

¢ok diisiikk oldugu ve maruziyet etkisinin rakim ile dogrudan orantili oldugu tespit edilmistir. Ayn1 enlem iizerinde
bulunan bdlgeler i¢in ise boylamin bir etkisinin olmadigi goriilmistiir.

Anahtar Kelimeler: Kozmik radyasyon, Akdeniz Bolgesi, Rakim, Fluka/Flair

Average Determination of the Cosmic Radiation Dose Equivalent in the Mediterranean
Region by Fluka/Flair Program

ABSTRACT

In this study, which belongs to the Mediterranean region, Adana, Antalya, Burdur, Isparta, Mersin, Hatay,
Kahramanmaras and Osmaniye provinces and these values have been studied to determine the equivalent dose of
cosmic radiation, the average annual RGY (Radiation safety regulation) and ICRP (International Commission on
Radiation Protection) are compared with a set of rules. At the same time, the results were compared with a study
conducted with the same program in the Central Black Sea Region. As a result of all measurement comparisons, the
maximum exposure belongs to the province of Isparta with a value of 467.6 uSv / y, while the minimum exposure
value belongs to the province of Mersin with a value of 285.4 uSv /y. According to RGY and ICRP, the exposure
rate was found to be very low and the exposure effect was directly proportional to the altitude. For regions located on
the same latitude, longitude has no effect.

Keywords: Cosmic Radiation, Mediterranian Region, Altitude, Fluka/Flair

GIRiS oldugunda, bu pargaciklarin galaktik mi yoksa ekstra
galaktik kokenli mi oldugunu belirlemek miimkiindiir.
Kozmik 1ginlar, ¢ok yiiksek hiza ulagsmig elektronlar, Yiiksek enerjilerde kozmik 1gin varis yoni, giicli
nétronlar ve atom ¢ekirdeklerinden olusur. Temel kaynaklarin yaklasik yoniinii de gosterebilir.
bilesimleri, kaynak bdlgedeki kimyasal pargalanma Kozmik 1gmnlarin en dikkat g¢ekici ozelligi enerji
hakkinda bilgi saglamanin yani sira, bu bdlgenin spektrumlaridir. Bu spektrumlarin enerji durumlar
dogast ve yildizlararasi uzayda kozmik isinlarin Sekil 1°de gosterilmis olup 10° eV’'den 10%° eV.'ye
yayilmas1 hakkinda da bazi bilgiler saglar. Kozmik kadar ki spektrumlarn yogunlugu yaklasik 10
151n izotoplar1 kaynak bdlgenin dogasini, enjeksiyonun biiylikliik skalasi lizerinde nispeten 6zelliksiz bir gii¢
zaman c¢izelgelerini ve ilk ivmeyi daha derinlemesine yasast dagilimi gosterir. Birkag GeV'in altindaki
inceler. Be!®, Al? ve CI*® gibi radyoaktif izotoplar, enerjilerde giines modiilasyonunun etkisi 11-22 yillik
disk ve hale bolgelerindeki kozmik 1ginlarin zamansal giines ve heliomanyetik dongiilerle ve 1AU’ daki
geemisini ortaya cikarir. Yik ve kiitle bilesiminin zamansal varyasyonlarla 6nem kazanir. 40 MeV'den
enerji ile degisimi-enerji spektrumlari-hizlanma siireci daha diisiik enerjilerde oksijen spektrumlart anormal
ve Galaksideki pargacik tagimimu ile ilgilidir. Ultra kozmik 1sinlarin varligin1 gostermektedir. Bunlar,
yiksek enerjilerde iyilestirilmis Olctimler mevcut giines riizgar1 sonlandirma sokunda hizlanan kismen
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iyonize yildizlararast atomlardir. 10 MeV'e yakin,
giines / gezegenler arast kdkenli pargaciklar tarafindan
iiretilen iyon spektrumunda oldukc¢a degisken bir artig
vardir, ancak bazi giines patlamasi olaylarinda onlarca

GeV'den daha fazla enerjilerle hizlandiklan
kaydedilmistir [1].
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Sekil 1. Diinya’dan 6lgiilen kozmik 1sinlarin enerji
spektrumu [1]

10 eV'in iizerinde, kozmik 1smlarin akisi, birincil
parcaciklarin dogrudan algilanmasinin istatistiksel
olarak goriinmedigi noktaya kadar azalir. Bu enerjinin
iizerinde kozmik 1smlar, Diinya atmosferi ile
etkilesimlerini go6zlemleyerek dolayli olarak tespit
edilebilir. ilk etkilesim tipik olarak, toplam enerjinin
yaklagik yarisimi (etkilesimin tam esnekligine bagh
olarak) tastyan bir pion dugu iiretirken, kalan kozmik
sinlarin primeri tekrar etkilesime devam eder. Dusun
gelisimi ilk birkag¢ etkilesimde iiretilen pargaciklarin
davranislar1 izlenerek bulunabilir [2].

Hava dusunun olusmasini saglayan kozmik iginlarin,
enerjisine bagli olarak; elektronlar, pozitronlar,
piyonlar, miionlar, gamalar ve ndtrinolar gibi
milyonlarca hatta milyarlarca pargacik olusabilir.
Hava dusu gosterimi Sekil 2'de gosterilmistir [3].
Newton'a gore, kapsamli hava duslarmin gelisimini
modellemek icin Monte Carlo
yapilabilir, ancak yiiksek enerjilerde meydana gelen
fiziksel siiregler hakkindaki bilgi eksikligi, farkli
modeller arasinda tutarsizliklara yol agar. Parcacik

simiilasyonlar1

kesitleri ve ikincil pargaciklarin c¢oklugu iizerine
caligmalar, 10'° eV'lik sabit hedef enerjilerinden
esdeger  kiitle  merkezi  enerjilerine  kadar
hizlandiricilarda gergeklestirilmistir (bir pargacigin
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geri kalan cercevesinde) ve sonugta 102 eV'lik
enerjilere ulagtig1 hesaplanmstir [2].

Primary cosmic ray

/\ // ".

electromagnetic /’ [
ower ‘

Mont Blanc

(4807 m)

Sekil 2. Kozmik hava dusu [3]

Kozmikik etkilesimlerin daha iyi anlasilmasi, hava
dusu modellerinde iyilestirmelere yol agmasi ve bu da
kozmik 151n verilerinin daha iyi yorumlanmasina izin
vermistir.  Yiiksek irtifa balon deneylerinde
hizlandirict fizikten algilama teknikleri uygulanmasi
ve atmosferin tepesindeki kozmik 1sin bilesiminin
dogrudan 6l¢iilmesine izin verebilir [3].

Birincil kozmik 1sinlar yildizlardan, Giinesten ve diger
galaksilerden gelen yiiksek enerji igeren pargaciklar
olup bunlarin %9’ unu Helyum, %90’ 1n1 Hidrojen ve
geri kalanimi ise Uranyum’a kadar olan diger agir
parcaciklarin  olugturdugu bilinmektedir. Birincil
isinlarin enerji miktarlart 107 ile 10%° arasindadir.
Birincil parcaciklarin Diinya atmosferinin en iist
kismina diigme orani igerdigi enerji ile ters orantilidir.
1 GeV enerjisine sahip olan parcaciklar m? bagma 10*
oraninda diiserken, daha yiiksek enerjiye sahip
parcaciklar her yiizyllda km? igine 1 adetten az
diigebilirler [4].

Birincil kozmik 1sin pargaciklarinin  atmosfere
girdiginde yaptig1 hadronik etkilesim sonucunda
ikincil kozmik isinlar olusur ve olusan niikleonlar,



kaonlar(K-, K%, K*) ve pionlar(n’, n° n*) basta olmak
iizere mezonlar da olugmaktadir. Pionlarin yari
omiirleri kisa oldugu igin yeryiiziine ulasamazlar.
Yiiklii pionlar (w, n*) bozunarak mionlar (p-, p*)
olusmakla birlikte elektronlar ve miion ndtrinolari
(Ve, V) olusur. Notr pionlarin (n°) bozunmasi ile
kaybolan enerjiye denk gelen ve elektronun
yavaglamasiyla Bremmstrahlung 1sm1 olusur. Bu
isinlar pozitron ve elektron (e7, €) olusturarak gift
olusumu saglar. Sonucta pionlar bozunarak kararsiz
lepton olan miion, bozunarak pozitron, elektron,
nétrino ile miion nétrinolarma doniistir [5].

Miionlar, bir adet elektronun kiitlesinin 200 kat1
kiitleye sahip temel yiiklii bir parcaciktir. Bu
pargaciklar zayif etkilesme nedeniyle bozunurlar.
Miionlar atmosferin iist yoriingesindeki gazlarla
etkilesim haline gegerek ¢ok sayida ¢ok miktarda
olusan pionlarin ve pi mezonlarin bozunmasi ile
olusur. Miionlar zayif etkilesimleri nedeniyle deniz
diizeyine ulagabilecek kadar uzun bir yart omre
sahiptir. Bu yar1 dmiir ise 2.2x %6 saniye kadardir [6].
Bu parcaciklarin sembol, kiitle ve yar1 dmiirleri Tablo
1’de gosterilmistir.

Tablo 1. Temel pargaciklarin yar1 dmrii [5]

Tip Isim Sem Kiitle Yan
b. (MeV/c?  Omiir
)
- 2
EIelftron e+ 0,511 >4(.)6x10
Pozitron e yil
. - -6
Lepton Muon W oqese 2210
Antimiion [ S
Tau T 2.9x1018
Antitau ™ L S
- -17
Ilj_otral 20 135 8.4x10
Mezon I.c.) n .. + ° -8
Y_uklu b1 L 1396 2.6x10
Pion T S
Proton p* 29
Baryo  Antiproton p 938,2 >10% yil
n Notron N 9396  8857s

Antindtron n

Diinya'nin manyetosferi, Diinya'nin manyetik alaninin
hakim oldugu Giines riizgan akisiyla gevrili ayr1 bir
bolgedir. Yaklasan Giines riizgarlar1 Diinya'nin
manyetik alaninin giindiiz tarafinda itilmesine ve gece
tarafinda gerilmesine neden olur. Bu nedenle olusan
duruma manyetotay denir. Gilines riizgarmm ve
Diinya'nin manyetik alanmim hakim oldugu her iki
ortami da ayiran sinira manyetopoz sinirt denir. Bu
smnirda glines riizgdr1 dinamik basinci, Diinya'nin
manyetik basincina esittir. Glinesten atilan plazma,
once gilines riizgarinin siipersonik akismin ses altt
akisina indirgendigi ve manyetopoz ile yay soku

85

arasinda sikisarak calkantili hale geldigi yay sokuyla
karsilasir. Bu bdlgeye ise manyetosheath denir.
Diinya'nin manyetosferindeki siirekli hareket eden
yuklii parcaciklar iyonosferde alan hizali akimlar
(FAC'LER) yoluyla kapanan akimlar olusturur ve tiim
bu sistem giines riizgari kosullarindan etkilenir.
Ortalama giines riizgar1, santimetre kiip basina 1.4-1.6
= 105 K sicaklikta 3 ila 6 atom igerir ve 400 km / sn
hizla gelen yaklagik 1.2 nPa dinamik bir basinca
sahiptir [7].

Tail Current
”

Sekil 3. Manyetosferik Cevre [8]

Sekil 3'te yukarida belirtilen siirecler nedeniyle olugan
akimlar ve bdlgeler goriilmektedir. Giin tarafinda,
Diinya'nin manyetik alani ile giines riizgar1 dinamik
basinci arasindaki dengenin gerekliligi nedeniyle giin
tarafinda manyetopoz akimi akar [8].

Bu akim sistemi, dinamik basing arttiginda yiiksek
yogunluklu ve / veya hizli giines riizgar1 donemlerinde
Diinya'ya dogru itilir ve yonii nedeniyle Diinya'nin
manyetik alaninda pozitif dalgalanmalar yaratir. Gece
yarisinda, pargaciklarin kaymasit nedeniyle batiya
dogru akan Diinya cevresindeki halka akimma ek
olarak, kuyruk arasi sistemi  goriilir.
Manyetosferik konveksiyon, o bolgedeki pargaciklarin
sayl yogunlugunu kontrol eder. Akim, iyonosferik
akimlar yoluyla veya manyetosferde her iki alan hizali
akimda da kapalidir. Halka akimi Diinyanin gece
tarafinda daha giiglidiir ve tekdiize degildir [9].
Akdeniz Bolgesi adim1 komsu oldugu Akdeniz’den
alan Tirkiye yiiz6l¢limiiniin %14,2°sini kaplayan
bolgeden olusmaktadir. Akdeniz Bolgesi, niifus
yogunlugu ve yiizolglimii bakimindan diger bolgeler
arasinda 4. sirada iken, niifus ¢oklugu oraninda 3.
sirada yer almaktadir. Akdeniz Bolgesi Tiirkiye nin
giiney kisminda bdlgesel olarak genisleyip daralan bir
yapiya sahiptir [10].

Bolgeyi olusturan sehirler ise; Adana, Antalya,
Osmaniye, Hatay, Mersin, Kahramanmaras, Isparta ve
Burdur illeridir. Bu il merkezlerinin en yiiksek
rakimlist 1049 metre ile Isparta iken en diigiik
rakimlist ise 10 metre ile Mersin ilidir. Bolge bir serit
halinde uzandig i¢in iller aras1 enlem fark: en fazla

akim



Hatay ile Burdur arasinda goriilmektedir. S6z konusu
ozellikler tablo 2 ve sekil 4’te gortilmektedir.

Tablo 2. Akdeniz bolgesi illerinin rakim ve koordinatlari

il (I't:;?:) Enlem Boylam
Adana 23 37N 35,321333 E
Antalya 39 36,88414 N 30,705630 E
Burdur 950 37,718416 N 30,282007 E

Hatay 100 36,202216 N 36,161948 E

Isparta 1049 37,764771 N 30,556561 E

K. Maras 568 37,574957 N 36,924115E

Mersin 10 36,8 N 34,633333 E

Osmaniye 129 37,074478 N 36,246295 E
Kozmik 1sinlar ayni enlem iizerinde bulunan

bolgelerin boylamina gére degisim gostermezler.
Uluslararas1 Radyasyon Birimleri Komisyonu (ICRU)
tarafindan belirlenen doz birimlerine gore aktivite;
radyoaktif bir maddede bir saniye icerisinde
gergeklesen bozunma adedine denk gelmektedir.
Birimi becquerel’dir. Birim zamanda 1smlanma
miktarina 1smlanma dozu, birim kiitlede sogurulan
radyasyon miktarina absorbe doz ve canli dokunun her
bir grammda 1 rad degerinde etki gosteren isin
miktarina ise insan esdeger dozu denip, birimi ise
sievert(Sv)dir [12].

Tablo 3. Radyasyon dozu birimleri [12]

Eski Yeni Doniisiim
Birim Birim
1
Aktivite Curie Becquerel  Ci=3,7x10%°
Bqg
fmmanma e Coulomblk  1R=258x10°
ontege g 4 Clkg
Sogurulmus 1Gy=100
Doz Rad Gray(Gy)
rad
Esdeger Rem Sievert(Sv) 15v=100
Doz rem

Radyasyon giivenlik yonetmeligi geregince;

a) Radyasyon altinda ¢alisan personeller igin ard arda
gelen bes y1lin ortalama degeri 20 mSv’i, herhangi bir
senede ise 50 mSv’i gegemez. Ayak ve el veya viicut
i¢in yillik doz esdeger sinir1 500 mSv, goz i¢in ise 150
mSv’dir. Cilt i¢in en fazla radyasyona maruz bulunan
lem’lik bolgenin doz esdegeri, diger bolgelerin
dozuna bakilmaksizin ortalama cilt doz esdegeri
olarak belirlenmektedir.
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b) Topluluga ait bir bireyde etkili doz yillik 1mSv’i
gecemez. Istisnai durumda; ard arda bes yilin ortalama
degeri 1mSv olmak kaydiyla 5 mSv’da kadar uygun
goriiliir. Cilt i¢in y1llik doz esdegere sinirt 50 mSv iken
g6z merceginde 15 mSv’dir.

¢)18 yasindan kii¢iik bireyler radyasyon ortami altinda
calistirilamazlar [13].
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ICRP (Uluslararast Radyasyondan Korunma
Komisyonu)’nin belirlemis oldugu 6lgiitler ise tablo 4’te

gosterilmistir.

Tablo 4. Yillik alinan doz ve 6nlem diizeyleri (ICRP) [14]

Yiiksek >100 mSv
Artmis 10-100 mSv
Diisiik 1-10 mSv
Cok Diisiik <1 mSv
Onemsiz <0.01 mSv
MATERYAL ve YONTEM

Fluka/Flair Programi

Fluka, proton ve elektron hizlandirict korumadan hedef
tasarima, kalorimetriye, aktivasyona, dozimetriye,
dedektor tasarimina, Hizlandiric1 tahrikli sistemlere,
kozmik 1smlar, nétrino fizigi, radyoterapi vb. konulara
kadar uzanan, genis bir uygulama yelpazesini kapsayan
pargactk tasimimi  ve madde ile etkilesimlerin
hesaplanmasi igin genel amacli bir aragtir.

Fluka'nin tasarim ve gelistirilmesindeki en biiyiik dncelik,
her zaman saglam ve modern fiziksel modellerin
uygulanmast ve gelistirilmesi olmustur. Miimkiin
oldugunda mikroskobik modeller benimsenir, tim
reaksiyon basamaklari ve reaksiyon tipleri arasinda
tutarlilik saglanir. Her adimda koruma yasalar1 uygulanir.
Sonuglar tek etkilesim diizeyinde deneysel verilere gore
kontrol edilir. Sonug olarak, tiim enerji / hedef / mermi
kombinasyonlar1 igin sabitlenmis minimum serbest
parametre seti ile nihai tahminler elde edilir. Bu nedenle,
karmasik durumlarda sonuglarin yani sira ozellikler ve
Ol¢eklendirme yasalari, temel fiziksel modellerden dogal
olarak ortaya cikar, deneysel verilerin dogrudan meVcut
olmadig1 yerlerde verimlilik saglanir ve etkilesimler
icindeki ve dus bilesenleri arasindaki korelasyonlar
korunur.

Fluka, 100 eV-1 KeV'den binlerce TeV'e fotonlar,
elektronlar, nétrinolar, herhangi bir enerjinin miionlari, 20
TeV'e kadar olan enerjilerin (Fluka'yt Dpmjet koduyla
baglayarak 10 peV'e kadar) hadronlar1 dahil olmak {izere
yaklasik 60 farkli parcacigin maddesindeki etkilesimi ve
yayilimi, yiliksek dogrulukla ve karsilik gelen tiim anti
partikiilleri, termal enerjilere ve agir iyonlara kadar
notronlar simiile edebilir. Program ayrica polarize
fotonlar1 (6rnegin senkrotron radyasyonu) ve optik
fotonlar1 da tasiyabilir. Kararsiz artik ¢ekirdeklerden
yayilan radyasyonun zaman evrimi ve takibi hat iizerinde
gerceklestirilebilir.

Fluka, iyi bilinen Kombinatoryal Geometri (CG) paketinin
gelistirilmis bir siirimiinii kullanarak ¢ok karmasik
geometrileri bile igleyebilir. Fluka CG, yiiklii parcaciklar
(manyetik veya elektrik alanlarin varliginda bile) dogru
bir sekilde izlemek iizere tasarlanmustir. Cesitli
gorsellestirme ve hata ayiklama araglar1 da mevcuttur.
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Cogu uygulama i¢in kullanicidan programlama gerekmez.
Ancak, 6zel gereksinimleri olan kullanicilar igin bir dizi
kullanici  arabirimi  yordamlar1  (Fortran  77'de)
kullanilabilir.

Fluka fiziksel modelleri g¢esitli dergi ve konferans
makalelerinde agiklanmistir; Teknik tarafta, verimlilik,
dogruluk, tutarlilik ve esneklik gibi goriiniiste birbiriyle
celisen dort gereksinime vurgu yapilmistir.

Tablo arama Orneklemesine sik sik basvurularak
verimlilik saglanmis ve sistematik bir ¢ift kesinlik
kullanimi genel dogruluk {izerinde biiyiik bir etkiye sahip
olmustur: her iki nitelik de benimsenen algoritmalarin
dikkatli bir se¢iminden yararlanilmistir. Kullanici
tarafindan yazilan kod ihtiyacini en aza indirirken makul
bir esneklik elde etmek i¢in, programa kullanicrya sunulan
¢ok sayida segenek saglanmis ve dinamik boyutlandirma
getirilerek tamamen yeniden yapilandirilmistir.
Muhtemelen bagka hicbir Monte Carlo programinda
bulunmayan Fluka'nin bir bagka ozelligi de tamamen
analog bir modun yani sira Onyargili bir modda da
kullanilabilme yetenegidir. Bu, dalgalanmalari, sinyal
tesadiiflerini ve diger iligkili olaylar1 tahmin etmek igin
kullanilabilmesine ragmen, bir¢ok biiyiikliik sirasina gore
zayiflamalarla baglantili olarak diger nadir olaylar
arastirmak i¢in ¢ok cesitli istatistiksel tekniklerin de
mevcut oldugu anlamina gelir [15].
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Fluka/Flair’de Kozmik Isin Hesab1

Fluka’da bir islemin yapilabilmesi i¢in 6ncelikle problem
belirlenir ve problem iizerine program mimarisi insa
edilir. Calismamizda kozmik 151n radyasyon doz esdegeri
hesabi yapilacagi icin bu dogrultuda tanimlamalar yapilir.
Olgiim yapilacak bolgenin irtifasma gére ABD
standartlarinda fluka atmosferik katman yapisina karsilik
gelen kodlar kullanilir.

km US St. km US st. km US St.
FLUKA from Atm. FLUKA from Atm. FLUKA from Atm.
region s.1. Depth region s.1. Depth region s.1. Depth

(gfem2) (g/em2) (g/em2)

1.0 76.6 0.092 35.0 31.6 9.367 69.6 10.7 242.777
2.0 08.5 0.108 36.0  30.8 10.540 7e.e 10.2 260.197
3.0 67.1 0.126 37.0  30.0 11.849 71.8 9.8 278.093
4.8 65.6 0.146 38.6 29.2  13.309 72.6 9.4  296.729
5.0 04.2 0.170 39.0  28.4  14.937 73.86 8.9 316.007
6.0 62.8 0.198 46.0  27.7 16.748 74.6 8.5 335.921
7.0 0l.5 0.230 41.9  26.9  18.763 75.6 8.1 356.460
8.8 66.1 0.266 42.6 26.2 11.0084 76.8 7.7 377.615
9.0 58.8 0.308 43.@  25.5  23.492 77.6 7.3 399.374
10.@ 57.5 0.35%6 44.9 24.8  26.255 786.86 6.9 421.727
11.@  56.2 0.411 45.0  24.1  29.290 79.86 6.6 444,061
12.9 55.8 0.474 46.0  23.4  32.613 86.6 6.2 468.163
13.8 53.8 0.546 47.6 22.7  36.244 81.8 5.8 492.219
14.@ 52.5 0.628 48.0  22.1 48.285 §82.6 5.5 516.815
15.8  51.4 0.722 49.0  21.4  44.516 83.6 5.1 541.93
16.@ 58.2 0.828 50.90  20.8 49.201 84.6 4.8 567.560
17.6  49.1 0.950 51.0 20.2 54.283 85.8 4.4 593.691
18.@ 47.9 1.0388 52.8  19.6 59.785 86.6 4.1 020.295
19.0  46.8 1.245 53.0 19.86 65.733 87.86 3.8 647.359
20.0  45.7 1.423 54.0 18.4 72.152 88.8 3.4 674.869
21.0  44.7 1.625 55.0  17.8 79.068 89.6 3.1 702.807
22.6 43.6 1.854 56.0 17.2 86.506 99.86 2.8 731.155
23.0  42.6 2.112 57.0  16.7 94.493 91.8 2.5 759.898
24.6 41.6 2.4e4 58.0  16.1 183.057 92.86 2.2 789.816
25.0  48.6 2.734 59.0  15.6 112.224 93.8 1.9 818.493
26.86  39.6 3.186 60.0  15.8 122.023 94.86 1.6 848.311
27.@  38.7 3.525 6l.0 14.5 132.482 95.8 1.3 878.453
28.0  37.7 3.996 62.0 14.0 143.628 96.8 1.1 985.900
29.0  36.8 4.526 63.0 13.5 155.489 97.8 0.8 939.636
30.0  35.9 5.121 64.0  13.8 168.09%4 98.8 0.5 978.643
31.86  35.8 5.78% 65.0  12.5 181.471 99.6 8.3 1001.903
32.0  34.1 6.538 66.0  12.8 195.646 100.6 0.0 1033.400
33.6  33.3 7.378 67.0  11.6 210.645
34,0 32.4 8.317 68.0 11.1 226.5@7

Sekil 6. Fluka atmosferik derinlik [16]

Kozmik 151 hesaplamalar1 SPECSOU ve GCR-SPE (
baslatma amaciyla) kullanilir. Ayrica atmogeo.cards adi
ile Tretilen diinya geometrisi programa eklenerek
hesaplama islemi yapilir.

TARTISMA

Yapilan ¢aligmada Akdeniz bolgesine ait illerin kozmik
radyasyon doz esdegerleri fluka/flair programi ile
hesaplanmis olup degerler Tablo 7°de goriilmektedir.
Yapilan hesaplamalar ise mikroSieVert/year tiiriindendir.
Tablo 7 incelendiginde en fazla kozmik 1$1n radyasyonuna
maruz kalan ilin 1049 metre rakimi ve 467,6 uS degeri ile
Isparta oldugu goriilmekle birlikte en az radyasyon
maruziyetinde kalan ilin ise 10 metre rakimi ve 2854
uSv/y degeri ile Mersin oldugu goriilmektedir. Osmaniye
ve Hatay arasindaki 1 derecelik enlem faktoriiniin ve 23
metrelik rakim degerinin sadece 3 uSv/y’lik bir etki
yaptig1 yani enlem faktoriinlin kisa mesafelerde ¢ok etkili
olmadig1 goriilmektedir.
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Tablo 5°te ise Gazi tiniversitesi tarafindan yapilan Orta
Karadeniz kozmik radyasyon doz esdegeri verilerinin
alindig illere ait cografi veriler goriilmektedir.

Tablo 5. Orta Karadeniz’in rakim, enlem ve boylami [17]

iller Enlem Boylam Rakim(m)
Amasya 40,6668 35,8353 409
Corum 40,5461 34,9362 776
Ordu 40,9838 37,8858 5
Samsun 41,3442 36,2564 4
Sinop 42,0299 35,1545 0
Tokat 40,3112 36,5577 611

Gazi iiniversitesi tarafindan yapilan bu c¢alismada Orta
Karadeniz kozmik radyasyon doz esdeger verileri Tablo
8’de verilmektedir. Bu verileri inceledigimizde rakimi 0
metre olan Sinop ili 341 puSv/y’lik bir degerde iken rakimi
776 metre olan Corum ilinin kozmik radyasyon maruziyeti
441 uSv/y bir degerde oldugu goriilmektedir. Ayrica
yapilan bu ¢alisma, bizim ¢alismamizi dogrular nitelikte
olup kozmik radyasyon doz esdegerinin rakim ile dogru
Orantili bir seklide arttigimmi ispat ederken enlem
faktoriiniin  kisa mesafelerde ¢ok etkili olmadigini
gostermigtir. Yapilan her iki calismada en fazla etkiye
sahip olan parcacigin miionlar oldugu tespit edilmis olup
bu pargacigin en fazla etki gdstermesinin nedeni ise ikincil
kozmik 1sinlar igerisinde en son olusan pargaciklar olmasi
oldugu disiiniilmektedir.

Protonlarin en az etki géstermesinin sebebi ise birincil
pargaciklara ait olmalart ve kapsamli hava duslar ile
yeryiiziine kadar pargalanmalar1  oldugu
diisiiniilmektedir. Bunu dogrulayan bir kanit ise rakim
degeri arttik¢a proton maruziyetinin artmasidir. Yine ayni
sekilde rakim arttik¢a nétron maruziyeti de artmaktadir.

ulusana

Sekil 7 ve tablo 6’de ¢aligmamiza ait verilerin siitun grafik
ve ylizdesel dagilimlar: verilmektedir.

Tablo 6. Pargacik maruziyet orani

1l Proton Notron -Mu +Mu

(%) (%) (%) (%)

Adana 4,02 25,77 30,3 37,6
Antalya 3,5 24,95 30,6 38,2
Burdur 6,2 41,33 25,08 30,02
Hatay 3,86 24,18 30,43 37,37
Isparta 6,37 43,07 24,16 29,02
K.Maras 4 34,77 26,98 32,77
Mersin 3,29 24,07 33,11 38,99
Osmaniye 3,63 27,78 30,83 36,7

Pargaciklarin toplam etki iizerindeki yilizdelik dilimleri
incelendiginde %70 seviyesinde muon pargaciklarmin
etkili oldugu goriilmektedir. Bu etkiyi sirasi ile ndtron ve
proton takip etmektedir.



FLUKA/FLAIR DOZ ESDEGERI (uS/y)
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Sekil 7. Fluka/Flair doz esdeger grafigi
Tablo 7. Orta Karadeniz bolgesi illerine ait veriler
il Toplam(uSvly) Proton(uSv/y) Notron(uSv/y) -Muon(uSv/y) +Muon(uSvly)
Adana 305.3+0,89 12,3+0,4 78,7£1,06 92,5+0,65 114,8+0,65
Antalya 300,6+0,92 10,4+0,34 75+1,24 92+0,68 114,5+0,64
Burdur 441,345,04 27,4+0,62 182,4+2,04 110,7+0,71 132,5+0,72
Hatay 305,6+0,97 11,8+0,37 73,9+1,02 93+0,71 114,240,84
Isparta 467,6+5,14 29,8+0,71 201,443,02 11320,9 135,7+0,76
K.Maras 3754246 15+0,43 130,4+1,86 101,2+0,88 122,9+0,68
Mersin 285,4+0,87 9.4+0,33 68,7+0,68 94,5+0,74 111,3+0,7
Osmaniye 308,4+0,98 11,2+0,35 85,7+1,12 95,1+0,72 113,2+0,69
Tablo 8. Orta Karadeniz bolgesi illerine ait veriler[17]
il Toplam(uSv/y) Proton(uSv/y) Notron(uSv’y) -Muon(uSvly) +Muon(uSv/y)
Amasya 378 17 136 99 125
Corum 441 22 180 105 134
Ordu 310 13 88 93 117
Samsun 319 14 90 94 120
Sinop 341 15 100 98 126
Tokat 363 17 128 96 122
SONUC Diinya’nin manyetik alanin yapisi ile kozmik radyasyon

Bu ¢alismada, Akdeniz Bolgesine ait olan illerin kozmik
radyasyon doz esdegerleri tespit edilmis olup diger
sehirler ve ICRP (Uluslararas1 Radyasyondan Korunma
Komisyonu)’nin belirlemis oldugu smir degerler ile
karsilastirilmistir. Elde edilen 6l¢iim degerlerine gore
maruziyet oran1 467,6 uSv/y degeri ile en yiiksek ¢ikan il
olan Isparta bile radyasyon giivenlik yonetmeliginin yilda
ImSv’lik degerinin %50’lik kismin1 kaplayamamaigtir.
ICRP (Uluslararast Radyasyondan Korunma
Komisyonu)’nin belirlemis oldugu olgiitlere  gore
ImSv’nin altinda bulundugu i¢in ¢ok diisiik kategorisinde
yer almaktadir.

Rakim ve enlem artis1 ile kozmik 1§in maruziyeti arasinda
bir paralellik tespit edilmis olup rakim artiginin ihmal
edilemeyecek derecede maruziyet artigina sebep oldugu
goriilmiistiir. Bununla birlikte ayni enlem iizerinde yer
alan bolgelerde boylamin etkisinin olmadig1 tespit
edilmistir.
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artig bolgelerine bakildiginda kutuplara dogru van allen
radyasyon kusagindaki incelmeden dolayr kutup
bolgelerine gidildikge kozmik radyasyon doz esdegerinin
arttigl disiiniilmektedir. Ayrica 10 metre rakima sahip
Mersin ilinin 285,4 puSv/y degeri ile 5 metre rakimdaki
Ordu ilinin 310 pSv/y’ lik degerleri kiyaslandiginda
rakimlar1 hemen hemen ayni olmasma ragmen daha
kuzeyde bulunan Ordu ilinin kozmik radyasyon
maruziyetinin daha fazla olmast savimizi kanitlar
niteliktedir.

Kozmik 1gmin pargacik dagilimi incelendiginde ise ikincil
parcaciklar arasinda yer alan miionlarin en fazla dilimi
kapladigr goriilmiistir. Miionlarin en fazla sayida
bulunmasinin nedeni ise olugan hava dusu iiriinlerinin son
kisminda yer almasit oldugu disiiniilmektedir. Ayni
zamanda protonun en az etkiye sahip olmasi da birincil
pargaciklar arasinda olmasi diistiniilmektedir.
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oz

Kitalarin olusumu, birlesmesi, par¢alanmasi-yeni mikro kitalarin olusumu, yitim ve dag olusumlar yerkiirenin
dinamik yapisiin bir sonucudur. Tiirkiye’nin de i¢inde yeraldigi Tetis kusagi ve iligkili metalojeni kusagi Tetis
okyanusundaki Afrika, Arap ve Hindistan Plakalarmin birbirine yaklasmasi ve Avrasya kitasiyla carpigmasi
sonucunda olusumu da bu dinamik yapinin sonucudur. Tiirkiye’nin jeotektonik catisi i¢inde, Pontid yay1 ile Anadolu-
Torid platformunun izmir-Ankara-Erzincan Kenet Zonu boyunca carpismasiyla Neotetisin Kuzey kolunun Geg
Paleosen-Eosen araliginda kapanmasi 6nemli bu olaylardandir ve bu siire¢ Tiirkiye’nin en biiyiikk deprem iireticisi
Kuzey ve Dogu Anadolu Fay Zonlarini da gelistirmistir. Bu fay zonlarinimn geligimi ayn1 zamanda bu zonlarla iligkili
o6nemli maden yataklarmin olusumuna da katki saglamistir. Kuzey Anadolu Fay Zonunda hidrotermal siirecler Geg
Paleosen’de baglamis olup, zon igindeki maden yataklarmin fay zonunun sekillenisi ve maden yataklarmin

olusumunun iliskisi agiktir. Dolayisiyla yerkiireyi sekillendiren tektonik olaylar/tektonik hatlar deprem gibi biiyiik
dogal afetleri olustururken dogal kaynaklarin olusumuna da katki vermektedir.

Anahtar Kelimeler: Tektonik Evrim, Paleotetis, Neotetis, Tetis Kusagi, Metalojeniz, Jeodinamik, Maden Yataklari

Geotectonics Processes, Earthquake and Mineral Deposits: The North Anatolian Fault
Zone

ABSTRACT

The dynamic structure of the Earth results in the formation, amalgamation, and fragmentation of continents, as well
as the emergence of microcontinents, subduction processes, and mountain formations. One outcome of this dynamic
structure is the creation of the Tethyan belt and its associated metallogenic zone, which encompasses Tiirkiye. This
geological development arises from the convergence of the African, Arabian, and Indian Plates within the Tethys
Ocean and their subsequent collision with the Eurasian continent. Within the geotectonic framework of Tiirkiye,
significant events include the collision of the Pontide arc with the Anatolian-Tauride platform along the Izmir-Ankara-
Erzincan Suture Zone and the closure of the Northern branch of the Neotethys during the Late Paleocene-Eocene
interval. Notably, this process is linked to Tirkiye’s most prominent earthquake source, the North and East Anatolian
Fault. These tectonic events also contribute to the formation of crucial mineral deposits through the development of
fault zones. Hydrothermal processes within the North Anatolian Fault Zone, initiated during the Late Paleocene,
demonstrate a clear relationship between fault zone formation and mineral deposit genesis. Consequently, while
tectonic processes shape the Earth and give rise to significant natural disasters, such as earthquakes, they
simultaneously play a role in the formation of valuable natural resources.

Keywords: Tectonic Evolution, Paleotethys, Neotethys, Tethys Belt, Metallogenesis, Geodynamics, Mineral Deposits

GIRiS kokensel ozelliklerinin anlasilmasinda 6nemli bir yere

sahiptir [2] (Sekil 2). Tetisin jeodinamik evrimi
Diinyanin jeodinamik ¢atis1 gegirdigi jeodinamik evrimin ~ Tirkiye’nin bu giinkii jeolojik ¢esitliliginde en donemli
sonucunda gelismektedir. Diinyanin énemli jeotektonik  katkiy1 vermistir. Ozellikle son zamanlarda olusturdugu
catilarindan birisi de Tetis kusagidir (Sekil 1). Bu kusak  depremler nedeniyle 6nemli bir giindem olan Kuzey
kuzeybati Afrika ve Bati Avrupa’dan giineybati pasifik =~ Anadolu ve Dogu Anadolu Faylarimi igine alan aktif
okyanusuna kadar uzanan diinyanin en uzun ve en énemli  tektonigi (Sekil 1 icindeki alint1 sekil), metalojenik
orojenik kusagidir (Sekil 1). Bu kusak boyunca bircok  6zellikleri bu jeodinamik siiregle, 6zellikle de Paleotetis
farkli jeodinamik ortamda cok cesitlilik ve sayida maden  ve Neotetis’in gelisim ve kapanmasi siiregleriyle yakin
yatagi bulunmaktadir [1] (Sekil 1 igindeki alint1 sekil). iliskilidir [1-3] (Sekil 1 ve 2). Tirkiye giindemine
Tiirkiye de bu kusagin i¢inde yer almakta olup, hem  dzellikle 1999 depremi sonrasinda giren Kuzey Anadolu
kusagin anlasilmasinda hemde iligkili dogal kaynaklarin ~ Fay1 (KAF; Ingilizce yaygin kisaltasi, NAF) (Sekil 3) ve
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2023 yili icinde yasadigimiz biiyiik deprem felaketinin
kaynagi Dogu Anadolu Fay1 (DAF, ingilizce yaygin
kisaltmasi, EAF) Tirkiye Neotektoniginin en etkin
unsurlaridir (Sekil 1 ig¢indeki alinti sekil). Calismaya
konu olan Kuzey Anadolu Fay: giiniimiizde aktif olan
diinyadaki en 6nemli dogrultu atimli faylardan biridir [4].
Kuzey Anadolu Fay1 (KAF) doguda Karliova’dan
baglayarak Tiirkiye’nin kuzeyi boyunca batiya dogru
uzanmakta ve ana kolu Saroz Korfezi'nden Ege
Denizi’'ne ulagmaktadir (Sekil 3). 1200 km uzunluga
sahip olan KAF tali bir¢ok kola da ayrilmakta ve bu
geometrisiyle de fay zonu (Kuzey Anadolu Fay Zonu,
KAFZ; Ingilizce yaygin kisaltmasi, NAFZ) olarak
degerlendirilmektedir. Kuzey Anadolu Fayi’nin varlig
1850’lerden beri bilinmekle birlikte Tiirkiye’nin en
onemli yerbilimcilerinden olan Thsan Ketin tarafindan
1948 yilinda dogrultu atimli fay olarak tanimlanmigtir
[4]. Giiniimiizde Kuzey Anadolu Fay:1 gibi aktif faylar
daha cok olusturduklari depremler nedeniyle dikkat
¢ekmekte ve olumsuzluklari ile giindeme gelmektedirler.
Aktif faylarmn sonuglarinin yaninda olusum siiregleri
dikkate alindiginda aslinda yeryliziiniin kullanigli hale
gelmesinde, dogal kaynaklarin olusumunda ve bu
kaynaklardan yararlanilmasinda da faylarin ¢ok 6nemli
rolleri bulunmaktadir.

Mesozoyik dénemindeki yay olusumu ve yitimle iligki

yay gerisi ve carpisma sonrasi jeolojik olaylar ve
magmatik siiregler de Tiirkiye Jeotektonik evriminde
etkili olmustur. Tiirkiye i¢cin hem Mezozoyik donemdeki
hem de Senozoyik donemdeki jeolojik/jeotektonik
sliregler Tiirkiye nin bir ¢ok bdlgesinde porfiri/epitermal
sistemlerin gelisimi ve bunlarla birlikte de skarn ve
karbonat ornatim tip yataklar yaninda yine bu siireglerle
iligkili degisik tipte maden yataklarinin olusumunu da
saglamistir  [1,5-9]. Tetis metalojenik kusaginin
jeodinamik evrimi  Arap ve Gondwana mikro-
levhalariin Avrasya kitastyla yakinlagsma, yitim, y1§isim
ve/veya garpismasi siireglerini yagsamustir [10,11] (Sekil
1). Jura’dan Kretase’nin sonuna kadar Pontid kusagi
gliney Avrasya kenari boyunca nispeten devam eden,
Neotetis’in  kuzey kolunun K-KD’ya wuzanan bir
magmatik yay pargasiydi [10]. Bu dénemde olugmus
maden yataklari; porfiri bakir (+molibden), yiiksek
siilfidasyon epitermal Au-Cu ve skarn yataklaridir.
Bunun diginda Geg Kretase doneminde volkanojenik
masif siilfid yataklar1 yayinda Kretase sonrasi epitermal,
porfiri, skarn ve konak kayasi karbonat olan yataklar da
ozellikle dogu Pontidler’de bilinmektedir [12-18]. Geg
Kretase-Eosen arasinda, Gondwana kokenli kita
bloklarinin Avrasya kenari ile tekrarli carpismasi ve
yigilmasi, Amasya-Sevan-Akera ve Izmir-Ankara-
Erzincan kenet zonlari boyunca Neotetis'in kuzey

olarak gelismis magmatizma siiregler ve akabindeki yay  kolunun giderek kapanmasi siirecinde meydana
olgunlagsma  siirecleri ~ Tiirkiye’nin  jeotektonigini  gelmistir.
sekillendirmistir. Daha sonraki Senozoyik dénemindeki
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Sekil 1. Alpin Himalaya Tetis Orogenik kusagi ve donemsel maden yataklar [3]. Sekilde ayrica Anadolu Tektonik birlikleri
ve ana tektonik hatlar1 sol alt ¢cerceve iginde ayrica verilmistir [19].
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Sekil 2. Tetis orogenik kusaginin bat1 boliimiiniin tektonik haritasi ve kusak iizerindeki Ge¢ Senozoyik yasli porfiri ve epitermal
yataklarin milyon ons olarak altin eglenikleri. Sekil ve agiklamalari [2°den alinmustir. ]

Kuzeydogu Tirkiye’nin Dogu Pontid Tektonik Kusagi  olustuguna isaret etmektedir [22]. Bu veriler birlikte
ise Tetis orojenik kusagmin ana metalojenik  degerlendirildiginde KAFZ’nin olusumunda etkin olan
pargalarindan birisini olusturmaktadir. jeodinamik siire¢lerin bolgede birgok maden yatagi ve
KAFZ ile iligkili hidrotermal siireclerin Geg Paleosen’de  dogal kaynaklarin  olusumuna da katki verdigi
bagladigina isaret eden veriler yaninda [20,21], Re-Os  anlagilmaktadir.

jeokronoloji ¢alismalarryla Cu-Mo porfiri olusumlarinin

da dogu Pontidlerin tiim jeodinamik evrimi esnasinda
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Sekil 3. Kuzey Anadolu Faz Zonu ve bu zon iizerinde tarihte olusmus depremler [4]

KAFZ ve iLISKiLi MADEN YATAKLARI olan ve/veya bunlari yoneten devletler daima diger
uluslara gore bir adim 6nde olmus onlara karsi ciddi

Yeralti  kaynaklarindan  yararlanmak  insanliin  avantajlar da saglamiglardir [23-29].

vazgegilmez bir pargasidir. Medeniyetlerin gelisimini de ~ Cografi konumundan dolayr Anadolu’da madencilik

etkileyen en 6nemli unsurlar maden yataklarinin kesfi ve  antik ¢agdan beri yapilmaktadir [30]. Anadolu cografyasi

kullanimryla iligkili olmustur. Yeralt1 kaynaklarina sahip ~ jeodinamik evriminin de bahsettigi jeolojik ortam ve
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imkanlardan dolay1 bircok tip maden yatagt ve
endiistriyel hammadde kaynaklarina sahiptir. Porfiri
yataklar, skarn tipi yataklar, epitermal yataklar,
polimetalik volkanojenik masif siilfid yataklari, kromit
yataklari, lateritik nikel yataklar1, konak kayasi karbonat
olan kursun-zinko yataklari, karstik ve lateritik boksit
yataklari, orogenik altin yataklari, listvenitler bunlarin
basinda sayilabilir [31-38].

Tiirkiye’deki madenlerin ¢cogunlugu Neotetis ile iliskili
Alpin Orojenezi doneminde, ¢ok azi ise Paleotetis ile
iligkili Hersiniyen (Variskan) orojenizi ile iliskili
olusmustur  (Sekil 1). Dolayisiyla  Tiirkiye’nin
jeotektonik ¢atisin1 olusturan jeodinamik siiregler ayni
zamanda cevherlesmelerin  ve dogal kaynaklarin
olusumlarinin da etkili faktorleri olmustur [1,39]. KAFZ
aktif karakteri nedeniyle depremler acisindan 6nemli bir
tektonik zon olmakla birlikte bu fay zonu ayni1 zamanda
bir¢ok maden yataginin olusum ve gelisim siireglerinde
de katki vermistir [2]. Omegin KAF Zonu’nun ¢ok
pargalt kollarinin bir arada ve yogun oldugu Biga
yarimadasinda, degerli ve baz metal cevherlesme ve
yataklar1 olduk¢a c¢oktur. Koru, Tesbihdere, Balya,
Arapucandere, Kalkim-Handeresi, Kiiciikdere yataklari,
Kisacik altin yatagi, Dombaycilar listvenitlere bagl altin
zenginlesmeleri, Kirazli altin, giimiis, bakirli maden
yataklari, Kartaldagi ve Madendagi degerli ve baz metal
yataklar1 bunlarin en bilinenleridir [32,34—-38,40-54].
KAF Zonu iginde yer alan porfiri yataklarin ¢gogunlugu
Ge¢ Kretase-Miyosen yasli ada yayr ve kitasal yay
granitoidlerle iliskidir [31]. Zon i¢inde en bilinen porfiri
yataklarin basinda Kosedagi, Bakirgay, Agidagi,
Sergeler, Kuscayiri, Aladagi, Egmir, Bakirlik, Kizildam,
Dikmen yataklar1 gelmektedir [19]. Bu yataklarin bir
kism1 farkl yazarlarca farkl tipte de
simiflandirilabilmektedir. Calismanin konusu diginda
oldugu i¢in bu ayrimlar ve tartismalar bu caligma
haricinde tutulmustur. Zon igindeki porfiri yataklardan
Palamutoba, Tepeoba, Dikmen, Saricayiryayla yataklari
Biga Yarimadasi’ni da igine alan Kuzeybati Anadolu’da
yer almaktadir. Bakir¢ay (Amasya) Porfiri yatagi ise Orta
Pontidler’de yer almakta olup, bolgedeki Eosen
granitoyidlerle iligkili olarak gelismislerdir. Yatakla ilgili
olarak biyotitten yapilan jeokronolojik yas ¢aligmalarina
gore yaklasik 38.6 My yas bulgular elde edilmistir [31].
Dogrudan KAFZ iizerinde olmamakla birlikte Bati
Anadolu’da bulunan Miyosen yasli, ok fazli latit porfir
sokulumlarinda gelismis olan Kigladagi Porfiri altin
yatag1 diinya 6lgeginde biiyiik rezervi ile Tiirkiye’nin en
onemli porfiri altin yataklarindan birisidir (Sekil 4a).
Skarnlar ve skarn tip yataklar her ne kadar Tiirkiye nin
degisik bolgelerinde sacilmis olarak bulunsa da KAF
Zonu ile iligkilendirilebilecek yataklar daha c¢ok altin
cevherlesmesi i¢in 6nemli olan yataklardir. Bolgede
skarn yataklar1 daha ¢ok porfiri sistemlerle iliskili olarak
gozlenmektedirler. KAF Zonu tizerinde skarn yataklari
Kuzeybatt Anadolu’da, Biga Yarimadasi ve yakin
cevresinde yer almaktadirlar. Bolgedeki  skarn
yataklarinin baglicalari; Samli, Asartepe, Handeresi,
Uludag (W yatag1), Maden, Dudas skarn yataklaridir.
Dogu Pontidler de bir¢cok skarn cevherlesmesi (6rn:
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Cambasi, Kurtulmus, Giimiiskaya, Zemberek Yayla,
Karadag, Egrikar, Kartiba Girlak [31,55-57] bulunmakla
birlikte dogrudan KAF zonu iizerinde olan literatiirde yer
almig skarn cevherlesmesine literatiirde rastlanmamustir
(Sekil 4b).

Epitermal yataklar ve ¢ogunlukla yakin iligkili olduklar
porfiri yataklar; carpisma orojenik kusaklarinda, yitim
sonrasinda ve bir carpisma esnast veya sonrasi
olusmaktadirlar [2] (Sekil 4c). Epitermal vyataklar
cogunlukla Au-Ag ve Hg-Sb yataklar seklinde yaygin
olarak Tiirkiye nin kuzeydogu Anadolu ve Bat1 Anadolu
bolgesinde, Karadeniz ve Marmara’ya paralel bir zon
tizerinde bulunmaktadir [5,31]. Bu yataklarin ¢ogunlugu
aynt zamanda KAF Zonu iizerinde yer almakta olup,
¢ogunlukla da karasal veya denizalti kalkalkalin volkanik
kayaglar i¢inde gelismislerdir. Bati Anadolu kesimindeki
epitermal maden yataklarindan Kisacik, Kiigiikdere,
Balya, Arapugan, Akarca, Kirazli, Dogancilar, Akbaba,
Madendag, Kuscayiri, Kartaldagi, Agidagi, Dogancilar,
Sahinli, Koru bunlarin baslicalaridir [31,38,43,48,52,58].
Bunlardan, Kartaldagt altin  yatagi  bolgedeki
granodiyorit sokulumlarimin volkanik eslegini olan Orta
Miyosen dasit porfirler iginde gelismistir. Madendagi
degerli ve baz metal yatagi ise Orta Miyosen-Geg
Oligosen yaghdir. Kestanelik (Sahinli) altin yatagi ve
Korudere-Tesbihdere madenleri ise Erken Oligosen
bazaltik andetik ve dasitik kayaglar iginde geligmistir
[31,46,48]. Kisacik altin yatagi ise Alt-Orta Miyosen
volkanik kayaclarda, 6zellikle de riyolitik karakterdeki
kayag i¢inde gelismistir [38,54,59]. Dogu Pontidler’de
ise KAF Zonu’na yakin/dolayli iliskili bdolgelerde
Derekdy, Inler yaylasi, Etir, Asarcik epitermal yataklar
bilinmektedir. Bu yataklarin bir kisminin porfiri sistemle
de baglantilar1 gozetilerek bazi yazarlarca [19] porfiri
yataklar olarak da ele alinmiglardir. Epitermal siireglerle
gelismis bir altin yatagi tiirii de listvenitlere bagh
gelismis altin zenginlesmeleridir. KAF Zonu flizerinde
Biga Yarimadasi’nda Dombaycilar (Alakegi) altin
zenginlesmesi bu tiirde bir saha olup, halihazir bulgularla
ekonomik boyuta ulasamadigi disiiniilen bir sahadir
[36,38,41,60,61]. Eskisehir Kaymaz (Sivrihisar) altin
sahasi da her ne kadar dogrudan KAF Zonu iizerinde
olmasa da Tirkiye’nin listvenitlere bagli &nemli
cevherlesme sahalarindan birisidir [31].

Volkanojenik Masif Siilfit (VMS) yataklar1 Tiirkiye’de
Dogu Pontidler, Orta Pontidler ve Bitlis Zagros Kenet
Zonu’nda rastlanmaktadir [62]. Tiirkiye; Kuruko, Besshi
ve Kibris tip VMS yataklarina ev sahipligi yapmaktadir
[62]. Kuruko tip yataklar daha ¢ok Dogu Pontidlerde
rastlanirken [31], Besshi ve Kibris tip yataklar ise Kuzey
Anadolu Fay zonu iizerinde Orta (Merkezi) Pontidler’de
goriilmektedir (Sekil 4d) [62]. Kuruko tip baz
cevherlesme alanlar1 Sebinkarahisar’da oldugu gibi Ust
Kretase dasitleri iginde hidrotermal alterasyona bagh
olarak endiistriyel mineraller ve endiistriyel killer de
olusturmustur. Orta Pontidlerde yer alan ve KAFZ ile
dolayli da olsa iligkili olan Bakibaba ve Asikdy VMS
yataklar1 Kibris Tip, Kargt VMS yatag: ise Besshi Tip
cevherlesmelerdir [62]. Dogu Pontidler’de KAF Zonu
disinda  Kuruko Tip’te birgok VMS  yatagi



bulunmaktadir. Bunlardan bazilari, Akkoy, Killik,
Kopriibagi, Kayabagi, Karagol, Harkoy, Akkoy,
Kizilkaya VMS’dir.

Neojen volkanik kayaglari uyumsuz olarak iizerleyen
sedimanter birimler i¢inde gelismis sedimanter kokenli
Biiytiik Eymir Demir yatagi ve Samli Demir yatag1 da
KAFZ iginde bulanan énemli demir yataklaridir [63].
Ayrica KAFZ i¢inde Tiirkiye’nin 6nemli manganez
cevherlesmelerine de rastlanmaktadir [64].

Yukarida sayillan maden yataklart disinda, ayrica
Balikesir, Bursa, Kiitahya (Tavsanli)) ve c¢evresindeki
kromit olusumlart KAFZ gelisiminde etkili olan
jeodinamik siirecin tirtinleridir [65]. Bunlardan podiform
krom yataklari KAF zonu iginde Bursa Harmancik
bolgesinde yer alir. KAF Zonu iginde ayrica konak
kayas1 karbonat olan maden yatagina ornek olarak Bati
Anadolu Biga Yarimadasi’ndaki Papazlik yatagi
gosterilebilir.
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Sekil 4. Kuzey Anadolu Fay Zonu tizerindeki 6nemli maden yataklari. a) Porfiri yataklari, b) Skarn tipi yataklar, c) Epitermal tip
yataklar, d) Volkanojenik Masif Siilfid Yataklari. Maden yerleri haritada yaklasik gosterilmistir [66°den degistirilmistir.].

SONUC

Tetis’in jeodinamik evrimi ic¢inde, Anadolu da bu
stirecten fazlasiyla etkilenmistir. Siire¢ ile Anadolu’nun
jeotektonik c¢atisima Kuzey ve Dogu Anadolu Faylar
eklenmistir. Tiirkiye’nin Neotektoniginde, gerek gelisim
stirecleriyle iliskili jeolojik, jeokimyasal ve petrolojik
olaylar gerekse bilyiilk magnitiitlerde deprem olusturma
potansiyelleri nedeniyle oOnemli bir konuma sahip
olmuslardir. Son yiizyilin ilk ¢eyreginden sonra bu
faylardan kaynakli olusan depremler ciddi can ve mal
kayiplarina neden olmugtur. Depremin olumsuz
etkilerinin azaltilmasina yonelik yapilan diizenlemelere
ragmen 6 Subat 2023°te Kahramanmarag merkezli ana
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deprem ve akabinde geligen art¢1 depremler neticesinde
50 bini askin kisi hayatim1 kaybetmistir. Yasanan
depremler, depremlerin kurallarina goére yasamamiz
gerektigi gergegini bir kez daha ve en aci sekilde

gostermistir. Depremlerin  birincil  sebepleri  olan
jeodinamik yap1 ve bunlardan kaynakli faylar
diinyamizin  reddedilemez gergekleridir. Diinyanin
varlhigimi  sirdirmesinin ~ yaninda  insanoglunun

yararlandig1 ve yararlanmak zorunda oldugu bir¢ok dogal
kaynaklar da yine faylar1 olusturan siireglerle iliskili
olusmaktadirlar. Dolayisiyla fay gergeginden, dzellikle
de deprem iireten aktif faylar haberdar olunarak, aktif
faylarin olumsuz etkilerini bertaraf etmeye yonelik ilgili
gerekli tedbirler alinarak planlamalar yapilmalidir.



Faylarmn diinyanin felaketi olarak algilanmasi yerine
birgok faydalarinin oldugu, hatta yerkiirenin vazgecilmez
bir ger¢egi oldugu da unutulmamalidir.
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Yazim Kurallari

Mus Alparslan Universitesi Fen Bilimleri Dergisi Haziran ve Aralik sayist olmak iizere yilda iki defa yayimlanan uluslararasi
hakemli bir dergidir. Derginin asil amaci fen bilimleri, temel alanlar ve miihendislik alanlarinda nitelikli akademik
calismalarin yayimlanmasina katki yapmaktir.

Dergide yayimlanan makaleler yazi islerinin izni olmaksizin baska hig bir yerde yayimlanamaz veya bildiri olarak sunulamaz.
Kismen veya tamamen yayimlanan makaleler kaynak gésterilmeden hicbir yerde kullanilamaz. Dergiye génderilen
makalelerin icerikleri 6zgtin, daha énce herhangi bir yerde yayimlanmamis veya yayimlanmak iizere génderilmemis olmaldir.
Makaledeki yazarlar isim sirast konusunda fikir birligine sahip olmalidir.

Makalenin hazirlanmasi sirasinda yardimci olmast amaciyla, internet sitemizde yazarlar icin linkinin altinda yer alan
MAUNFBD Dergisi yazim kurallarina gére hazirlanmis “érnek_makale” dosyasini bilgisayariniza indirmeniz ve makalenizi bu
makaleyi 6rnek alarak hazirlamaniz, diizenlemelerde kolaylik ve zaman tasarrufu saglayacaktir. Bu makaleyi bilgisayariniza
Word programinda sablon (template) olarak kaydederek de makalenizi hazirlayabilirsiniz.

e Makaleler MS Word 2007 veya iistii bir siirlimde hazirlanarak gonderilmelidir.

e Sayfa yapisi 6zel boyutta (15.5x23 cm), MS Word programinda, Times New Roman veya benzeri bir yazi karakteri ile
10 punto, tek satir araligiyla yazilmalidir. Sayfa kenarlarinda iist 2.5 cm olmak tizere diger kenarlar i¢in 2.5 cm bosluk
birakilmal ve sayfalar numaralandirilmalidir.

e Yazar(lar)in ad(lar) ve soyad(lar), kurumsal unvanlari; yazar(lar)in gorev yaptigi kurum(lar) ve e-posta adres(ler)
bilgileri verilmelidir. Ayrica makalelerde sorumlu yazar belirtilmelidir. Times New Roman 10 punto, tek satir araligiyla
yazilmalhdir.

e Makale bashgi, icerikle uyumluy, icerigi en iyi ifade eden bir bashk olmalidir. Baslik, kalin ve 12 punto biiyiikligiinde
olmali ve ilk harfler biiyiikk olacak sekilde sayfa ortalanarak yazilmaldir. Makaleler aym 6zellikte ingilizce bir
baslik/title icermelidir.

e Makalenin basinda, konuyu kisa ve 6z bicimde ifade eden ve en az 75, en fazla 150 kelimeden olusan Tiirkge “Oz”
bulunmalidir. Oz iginde, yararlanilan kaynaklara, sekil ve cizelge numaralarina deginilmemelidir. Adres/ler den 2 satir
bosluk birakildiktan sonra, Times New Roman 10 punto, tek satir araligiyla yazilmahdir. Oziin altinda bir satir bosluk
birakilarak, en az 3, en ¢ok 6 sozciikten olusan anahtar kelimeler verilmelidir. Anahtar kelimeler makale igerigi ile
uyumlu ve kapsayici olmalidir. Aym sekilde makaleler Ingilizce bir bagslik/title, anahtar sbzciikler/keywords ve
0z/abstract icermelidir.

e MAUNFBD'in yayin dili Tiirkge ve Ingilizcedir.

e Herhangi bir sempozyum veya kongrede sunulmus olan ¢aligmalar kongrenin adi, yeri ve tarihi belirtilerek
yayimlanabilir. Bir arastirma kurumu veya fonu tarafindan desteklenen ¢alismalarda destegi saglayan kurulusun adi ve
proje numarasi verilmelidir.

e Makaleler Giris, Materyal ve Metod, Deneysel Kisim, Gere¢ ve Yontem, Tartisma, Sonu¢ vb. yer alacak sekilde
hazirlanmali ve alt bagliklar ikinci derece basliklar Times New Roman 10 punto ile saga hizali olarak diizenlenmelidir.

e Formiiller ve denklemler Math Type ya da Word Denklem Diizenleyici kullanilarak yazilmalidir.

e (Calisma, dil bilgisi kurallarina uygun olmalidir. Makalede noktalama isaretlerinin kullaniminda, kelime ve kisaltmalarin
yaziminda en son ¢ikan TDK Yazim Kilavuzu esas alinmaly, a¢ik ve yalin bir anlatim yolu izlenmeli, amag ve kapsam
disina tasan gereksiz bilgilere yer verilmemelidir. Makalenin hazirlanmasinda gegerli bilimsel yontemlere uyulmal,
calismanin konusu, amaci, kapsami, hazirlanma gerekgesi vb. bilgiler yeterli olgiide ve belirli bir diizen iginde
verilmelidir.

e Bir makalede sirasiyla 6zet, ana metnin bdliimleri, kaynakga ve (varsa) ekler bulunmalidir. Makalenin bir “Giris” ve bir
“Sonug¢” boliimi bulunmalidir. “Giris” ¢alismanin amaci, 6nemi, dénemi, kapsami, veri metodolojisi ve planini mutlaka
kapsamalidir. Konu gerektiriyorsa literatiir tartismasi da bu kisimda verilebilir. “Sonu¢” arastirmanin amag ve
kapsamina uygun olmali, ana cizgileriyle ve 6z olarak verilmelidir. Metinde s6zii edilmeyen hususlara “Sonug¢”ta yer
verilmemelidir. Belli bir diizen saglamak amaciyla ana, ara ve alt bagliklar kullanilabilir.

e Tablo/Sekillerin numarasi ve basligi bulunmalidir. Tablo ¢iziminde dikey cizgiler kullanilmamaldir. Yatay cizgiler ise
sadece tablo i¢indeki alt basliklar1 birbirinden ayirmak i¢in kullanilmalidir. Tablo/Sekil numarasi iiste, tam sola dayali
olarak Times New Roman 10 punto yazilmal;; tablo/sekil adi ise, her sozciigiin ilk harfi biiylik olacak sekilde
yazilmalidir. Ayrica tablo/sekiller siyah beyaz baskiya uygun hazirlanmaldir.

e Makalede, diizenli bir bilgi aktarimi saglamak iizere ana, ara ve alt bagliklar kullanilabilir. Makale bashig1 disindaki diger
tiim bagliklar 10 punto yazilmalidir. Birinci derece basliklar biiyiik ve koyu karakterde; ikinci derece basliklar, yalniz
ilk harfleri biiyiik ve koyu olmayan; ligiincii derece basliklar ise yalniz ilk harfleri biiytik, koyu olmayan ve italik harflerle
yazilmalidir. Ayrica basliklar, 6ncesi ve sonrasi 6 nk olacak sekilde ayarlanmalidir.
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BiRiNCi DERECE BASLIK
Ikinci Derece Baslik
Uciincii Derece Bashk

e Kaynak gdstermede makale icerisinde “koseli parantez icerisinde numara” ile yazilmahdir. Her kaynak kendi
orijinal dilinde verilmelidir. Kaynaklar Times New Roman 9 punto ile yazilmalidir. Kaynaklar yazilirken siralama
asagidaki sekilde olmalidir:

e ChenY.R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics
in Agriculture, 36, 173-191, 2002.

e  Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics,
55, 348-363,2008.

e  Yetis H, Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera
Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP
2016), 25-27 May, 2016.

e Aydin I, Karakose E., Karakdse M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

e MAUNFBD’e yazim kurallarina uygun olarak goénderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Dergide intihal denetimi iThenticate programi ile yapilmaktadir ve intihal denetiminde kabul edilebilir
benzerlik orani en fazla %20 olmalidir.

e  Yayim asamasinin ilk adimi i¢in makaleler Online Bagvuru Sistemi aracilifiyla yollanmalidir. Bagvurunun hemen
ardindan elektronik posta adresinize otomatik olarak bir onay mesaji génderilecektir. Daha fazla bilgi icin
http://dergipark.gov.tr/ MAUNfbd elektronik adresi araciligiyla editériimiizle baglantiya gecilebilir.
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Instructions for Authors

MAUNFBD is an international peer-reviewed journal that is published two times a year. The purpose of the journal is to make
contributions to publishing qualified academic studies in sciences, basic and engineering areas.

The articles that are published in the journal cannot be published or presented anywhere else unless permission is granted
from the editorial board. The articles that are published either partially or completely cannot be used anywhere else unless
reference is given. The content of the articles that are sent to the journal has to be authentic, not previously published or sent
to be published. The authors of the articles have to have a consensus regarding the list of the names in the article.

Ifyou download the “sample article” that was prepared according to spelling rules and format of the MAUNFBD journal from
our website through the link for authors to help you prepare the article, this will save your time and facilitate the preparation
process. You can also prepare your article by saving this sample as a template on the Microsoft Word program.

The articles should be in MS Word 2007 or higher version.

The layout has to be custom-designed (15.5x23 cm). The file format has to be MS Word. The font has to be Times New
Roman or a similar one with a size of 10. The file has to have single-line spacing. Page margins have to be 2.5 cm on the
top and 2.5 cm for all the other sides. The pages have to be numbered.

The articles need to include the name(s), surname(s), institutional title(s), institution name(s), and e-mail address(es)
of the author(s). In addition, the corresponding author has to be indicated in the articles. The font has to be Times New
Roman with a size of 10 and single line spacing.

The title of the article has to be consistent with the content and must reflect the content in the best way possible. The
title has to be boldface with a font size of 12. The first letter of all the words has to be uppercase. The title has to be
centered. The articles need to have an English title with the same properties.

The article needs to include an “Abstract” at the beginning not less than 75 words nor longer than 150 words
summarizing the content in the most precise and concise way. The abstract must not include references, figures, and
table numbers. Leaving a space under the abstract, the author has to add keywords including at least 3 and utmost 6
words. The keywords have to be consistent with the content and need to be comprehensive. Similarly, the articles have
to include an English title, keywords, and abstract.

MAUNFBD is published in Turkish and English.

The works that are presented in any symposium or congress can be published after specifying the name, place and the
date of the congress. The works that are supported by a research organization or fund have to indicate the name of the
supportive organization and the number of project.

The articles have to be organized as introduction, body, experimental, result and discussion and conclusion. Sub-titles
and lower-level titles have to have a font size of 10 and be right-aligned.

Formulas and equations need to be written via Math Type or Word Equation Editor.

The study has to comply with grammatical rules. The latest Turkish Language Association Spell Check has to be
employed regarding the use of punctuation, spelling of the words, and abbreviations. The text is expected to be clear
and simple. No expressions out of purpose and scope must be included in the work. The valid scientific methods have
to be employed to prepare the article. The content, purpose, scope, justification, etc. of the study have to be provided as
much as needed in a certain order.

An article is expected to include abstract, sections of the main text, references, and appendices (if there is any)
respectively. An article has to have an “Introduction” and “Conclusion” sections. The “Introduction” is definitely
expected to include the purpose, importance, period, scope, data methodology, and outline of the study. If it is necessary
for the subject to be dealt with, literature review can be given in this section as well. The “conclusion” needs to be in
compliance with the study’s purpose and scope. It needs to be given generally and concisely. The points that are not
mentioned within the text must not be included in “conclusion”. Headings, titles, and sub-titles can be used to organize
the text.

Tables/Figures need to be numbered and given with their titles. No vertical lines must be used to draw the tables.
Horizontal lines can only be used to separate the sub-titles within the table from each other. Table/Figure number has
to be at the top left-aligned and non-Italic with Times New Romans 10 font. The name of tables/figures has to be written
with each word having its first letter uppercase. In addition, tables/figures have to comply with black and white print.
If there is anything in the table that requires reference, the references must be given at the bottom of the table with in-
text reference format.

Headings, titles, and sub-titles can be used to ensure an ordered information transfer. All the other titles except for the
title of the article have to have a font size of 10. First-level titles need to be uppercase and boldface; the first letters of
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all the words in the second-level titles need to be uppercase and not boldface; and only the first letters of the words in
the third-level titles need to be uppercase, and these titles have to be italic. In addition, the titles have to be organized
with 6 nk before and after the title.

FIRST-LEVEL TITLE
Second-Level Title
Third-level Title

() The reference should be marked with "number in square brackets" in the article. Each reference must be given
in its original language. The references should be written in Times New Roman 9 point. When writing the
references, the sequence should be as follows:

e ChenY.R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics
in Agriculture, 36, 173-191, 2002.

e  Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics,
55,348-363,2008.

e  Yetis H, Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera
Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP
2016), 25-27 May, 2016.

e Aydin[, Karakose E., Karakose M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

The manuscripts that comply with the publication principles of anemon are passed through plagiarism checking. The
journal uses the Ithenticate software to detect instances of overlapping and similar text in submitted manuscripts. If
the similarity level is above %20, the manuscript is not accepted for publication.

The articles are sent through Online Application System for the first step of the publication. An automatically-sent
confirmation message is sent to your e-mail address upon the completion of the application. For further information,
please contact the editor via http://dergipark.gov.tr/MAUNfbd.
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Degerlendirme Siireci

MAUNFBD'ye gonderilen yazilar, 6nce Yayin Kurulunca dergi ilkelerine uygunluk a¢isindan bir 6n degerlendirmeye
tabi tutulur. Dergi kapsamina girmeyen veya bilimsel bir yazi formatina igerik ve sekil sartlari acisindan uymayan
yazilar, hakemlik siireci baslatilmadan geri ¢evrilir ya da baz1 degisiklikler istenebilir. Yayin icin teslim edilen
makalelerin degerlendirilmesinde akademik tarafsizlik ve bilimsel kalite en 6nemli dl¢iitlerdir.

MAUNFBD'’ye yayin kurallarina uygun olarak gonderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Mus Alparslan Universitesi Fen Bilimleri Dergisi'nde intihal denetimi, Ithenticate paket programi araciligiyla
gerceklestirilmekte ve intihal denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili
calismada herhangi bir intihale rastlanmadig1 takdirde degerlendirilmek iizere o alandaki ¢alismalariyla taninmis iki
hakeme génderilir. MAUNFBD Dergisi, stirecin her asamasinda, hakem ve yazarlarin isimlerinin sakl tutuldugu ¢ift-kor
hakemlik sistemini kullanmaktadir. Hakem raporlar bes yil siireyle saklanir. Makaleyi degerlendiren iki hakemden
birisinin olumlu digerinin olumsuz rapor vermesi durumunda makale {i¢iincii hakeme goénderilmekte veya Yayin
Kurulu, hakem raporlarini inceleyerek nihai karar1 vermektedir.

MAUNFBD’e gonderilen c¢alismalarda yazarlar, hakem ve Yayin Kurulunun elestiri ve onerilerini dikkate alirlar.
Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz etme hakkina sahiptirler. Dergideki hakemlik siirecinde,
akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya da iist derecede akademik unvana sahip kisiler hakem
olabilir.

MAUNFBD’e hakem degerlendirme siireci, istenilmeyen nedenlerden dolay1 bazen uzun siirebilmektedir. Normal
kosullarda editor tarafindan 6n degerlendirme asamasi bir hafta; hakem degerlendirme stireci de 8 hafta olarak
planlanmaktadir. Ancak hakemlerden zamaninda doéniis olmamasi nedeniyle yeniden hakem atama vb. nedenlerden
dolay1 hakem degerlendirme siireci uzayabilmektedir.

MAUNFBD’e makale gonderen yazar/yazarlar, Derginin s6z konusu hakem degerlendirme kosullarini ve siirecini kabul
etmis sayilirlar.

MAUNFBD’de yayimlanmasina karar verilen (kabul edilen) calismalarin telif hakki, Mus Alparslan Universitesi'ne
devredilmis sayilir.
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Peer Review Process

The papers that are sent to MAUNFBD are subjected to preliminary assessment by the Editorial Board to see whether
the work complies with the principles of the journal. The papers that are out of the scope of the journal or do not comply
with the format of a scientific text either in terms of content or style are either rejected or demanded to be corrected
prior to peer-review process. Academic objectivity and scientific quality are the most important criteria for the
assessment of the articles that are submitted to be published.

The articles that comply with the publication principles of MAUNFBD are passed through plagiarism checking. Journal
of Social Sciences of Mus Alparslan University uses the iThenticate software to detect instances of overlapping and
similar text in submitted manuscripts. The journal allows an overall similarity of 20% for a manuscript to be considered
for publication. After determining an acceptable similarity rate, the article is sent to two reviewers who are known for
their studies in the relevant field. MAUNFBD employs double-blind review system in which the names of neither the
reviewers nor the authors are disclosed in any of the phases of the process. Reviewer reports are saved for five years.
If one of the reviewers gives positive feedback while the other gives negative feedback, the article is either sent to a
third reviewer or Editorial Board examines the reviewer reports to make the final decision.

The authors submitting papers to MAUNFBD take into account the criticisms and suggestions of the reviewers and the
Editorial Board. The authors also have the right to object to the points with which they disagree. In the reviewing
process, the publications of people with academic titles are only reviewed by academics of either an equal or a higher
degree.

Assessment process of MAUNFBD may sometimes take long periods of time due to undesired reasons. Normally,
preliminary assessment by the editor takes a week while reviewer’s assessment period takes 8 weeks. However,
reviewer assessment process may get longer when reviewers do not respond on time or in cases of appointing a new
reviewer and so on.

The author/authors submitting papers to MAUNFBD is/are considered to have accepted the aforementioned reviewing
conditions and process of the journal.

The copyrights of the works that are decided to be published (accepted) in MAUNFBD is transferred to Mus Alparslan
University.
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Yayin Ilkeleri

MAUNFBD, ulusal ve uluslararasi diizeyde yapilan, fen, temel alanlar ve miihendislik bilimleri alaninda 6zgiin ve
nitelikli calismalari, bilimsel bir yaklasimla ele alarak fen bilimler alanlarindaki ¢alismalarin niteliginin yilikselmesine,
yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki ¢alismalar arasinda iletisimin giliclenmesine
ve fen bilimleri alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla yayimlanmaktadir.

MAUNFBD’e, matematik, fizik, kimya, biyoloji, cevre bilimi, saglik, eczacilik, miihendislik bilimleri vb. tim fen
bilimlerine ait 6zgilin ve nitelikli bilimsel ¢alismalar1 destekleyerek bilim camiasinda tiretilen bilgileri akademisyenlerin
ve kamuoyunun istifadesine sunmak amaciyla yeni ve 6zgiin ¢calismalara yer verilmektedir.

MAUNFBD’e gonderilecek ¢alisma, alaninda bir boslugu dolduracak 6zgiin bir yazi olmali ya da daha 6nce yayimlanmis
calismalari degerlendiren, konuya dair yeni ve dikkate deger goriisler ortaya koyan inceleme olmalidir.

MAUNFBD’e génderilecek yazilar makale, ¢eviri ve kitap tanitimi tiiriinde olmalidir. Dergimize génderilen geviri yazilar
icin, makale sahibinin yayin izni ve orijinal metin gereklidir.

MAUNFBD’e yayin dili Tiirkce ve ingilizce'dir.

MAUNFBD’e gonderilen calismalar daha 6nce hicbir yerde yayimlanmamis ve halihazirda yayimlanmak {izere
sunulmamis olmalidir. Bilimsel bir toplantida sunulmus bildiriler, durum agik¢a belirtilmek sartiyla dergiye
gonderilebilir.

MAUNFBD’e Kis/Aralik ve Yaz/Haziran sayisi olmak tizere yilda iki defa diizenli olarak yayimlanmaktadir.

MAUNFBD’e gonderilen yazilara telif hakki 6denmez. Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi
Fen Bilimler Dergisi'ne aittir.

MAUNFBD'’de yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.

MAUNFBD'’de yer alan yazilardaki goriis ve diislinceler yazarlarinin Kisisel goriisleri olup derginin ve bagh oldugu
kurumlarin goériislerini yansitmaz.

MAUNFBD’e gonderilen galismalar, TUBITAK ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda
gonderilmektedir. Bu sisteme http://dergipark.gov.tr/MAUNfbd da yer alan "Kullanici Sayfasi/Yeni Gonderi" linkinden
ulasilabilir. S6z konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem
degerlendirme raporlari yazarlar tarafindan kolaylikla takip edilebilir.
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Editorial Principles

MAUNFBD is a national and international peer-reviewed journal that publishes authentic and qualified works with a
scientific approach in the fields of science, basic and engineering sciences. It is published to contribute to raising the
quality of the social sciences studies, development of methods and practices, to strengthen the communication between
theoretical and practical studies, and to enrich the science literature.

MAUNFBD supports all the authentic and qualified scientific studies in the science fields including maths, physic,
chemistry, biology, health, pharmacy, engineering sciences etc. It publishes new and authentic works to offer the
knowledge produced by scientific circles for the benefit of academics and public.

The works that are sent to MAUNFBD must be both an authentic work to eliminate a lack in the literature or a review
assessing the previously-published works and suggesting relevant, new, and noteworthy opinions.

The texts that are sent to MAUNFBD include articles, translations, and book promotions. For the translated texts,
publication permission of the owner of the article and the source text are required.

Publication languages of MAUNFBD are Turkish and English.

The works that are sent to MAUNFBD must not be published previously anywhere. They have to be ready for
publication. The papers that have previously been presented in a scientific meeting can be sent to the journal if it is
clearly indicated.

MAUNFBD is regularly published in Winter/December and Summer/June per year.

No copyright payment is made for the papers that are sent to MAUNFBD. The copyrights of the works that are published
in MAUNFBD are transferred to Mus Alparslan University Journal of Science.

Scientific and legal liabilities of the articles published in MAUNFBD belong to the authors.

All the opinions and ideas indicated in the articles that are published in MAUNFBD are authors’ personal opinions and
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