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CONFERENCE ID

AVRASYA
11TH INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE - PLACE
AUGUST 1 - 5, 2024-

TASHKENT

ORGANIIZATION
ACADEMY GLOBAL CONFERENCES

EVALUATION PROCESS
All applications have undergone a double-blind peer review process.

PARTICIPATING COUNTRIES
TURKEY - Indonesia - Singapore — Netherlands — Manila — Russia - New Zealand-

Algeria- Italy- Kosovo — Greece- Jordan- Brazil- North Korea- Vietnam
- Thailand- Japan- Kazakhstan- Australia- Qatar- china — Taiwan — Malaysia- France —
Finland — Egypt - USA - Saudi Arabia- India- Mexico-

PRESENTATION
Oral presentation

PERCENTAGE OF PARTICIPATION
More than 50 % of paper are presented by participants from maintained countries.
38 papers from Turkey and 52 paper from other countries.

Members of the organizing committees of the conference perform their duties with an

"official assignment letter*

LANGUAGES
Turkish, English, Russian, Persian, Arabic
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Scientific & Review Committee

Prof. Dr. Ali BILGILI — Turkiye
Prof. Dr. Naile BILGILI — Tiirkiye
Prof. Dr. Basak HANEDAN - Tiirkiye
Prof. Dr. Hiilya Cicek KANBUR — Turkiye
Prof. Dr. Emine KOCA — Turkiye
Prof. Dr. Fatma KOC — Turkiye
Prof Dr. Biilent KURTISOGLU — Turkiye
Prof. Dr. Hajar Huseynova — Azerbaijan
Prof. Dr. Dwi SULISWORO - Indonesia
Prof. Dr. Natalia LATYGINA — Ukraina
Prof. Dr. Yunir ABDRAHIMOV - Russia
Prof. Muntazir MEHDI — Pakistan
Prof. Dr. Raihan YUSOPH — Philippines
Prof. Dr. Akbar VALADBIGI — Iran
Prof. Dr. F. Oben URU — Turkiye
Prof. Dr. T.Venkat Narayana RAO — India
Prof. Dr. Izzet GUMUS — Turkiye
Prof. Dr. Mustafa BAYRAM — Turkiye
Prof. Dr. Saim Zeki BOSTAN — Turkiye
Prof. Dr. Hyeonjin Lee — China
Assoc. Prof. Dr. Abdulsemet AYDIN — Turkiye
Assoc. Prof. Dr. Mehmet Firat BARAN - Turkiye
Assoc. Prof. Dr. Dilorom HAMROEVA - Ozbekstan
Assoc. Prof. Dr. Abbas GHAFFARI — Iran
Assoc. Prof. Dr. Yeliz CAKIR SAHILLI - Turkiye
Assoc. Prof. Ivaylo STAYKOV - Bulgaria
Assoc. Prof. Dr. Dini Yuniarti — Indonesia
Assoc. Prof. Dr. Umit AYATA — Turkiye
Assoc. Prof. Dr. Okan SARIGOZ — Turkiye
Assoc. Prof. Dr. Eda BOZKURT — Turkiye
Assoc. Prof. Dr. Ahmet TOPAL — Turkiye
Assoc. Prof. Dr. Abdulkadir Kirbas — Turkiye
Assoc. Prof. Dr. Mesut Bulut — Turkiye
Assoc. Prof. Dr. Fahriye Emgili — Turkiye
Assoc. Prof. Dr. Sandeep GUPTA — India
Assoc. Prof. Dr. Veysel PARLAK — Turkiye
Assoc. Prof. Dr. Mahmut ISLAMOGLU — Turkiye
Assoc. Prof. Dr. Nazile Abdullazade — Azerbaijan
Assist. Prof. Dr. Goksel ULAY — Turkiye
Assist. Prof. K. R. PADMA — India
Assist. Prof. Dr. Omid AFGHAN - Afghanistan
Assist. Prof. Dr. Maha Hamdan ALANAZI - Saudi Arabia
Assist. Prof. Dr. Dzhakipbek Altaevich ALTAYEV - Kazakhstan
Assist. Prof. Dr. Amina Salihi BAYERO — Nigeria
Assist. Prof. Dr. Baurcan BOTAKARAEYV - Kazakhstan
Assist. Prof. Dr. Ahmad Sharif FAKHEER - Jordania
Assist. Prof. Dr. Giiltekin GURCAY — Turkiye
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Assist. Prof. Dr. Dody HARTANTO - Indonesia
Assist. Prof. Dr. Mehdi Meskini HEYDALOU — Iran
Assist. Prof. Dr. Bazarhan IMANGALIYEVA - Kazakhstan
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Assist. Prof. Dr. Mamatkuli JURAYEV — Ozbekistan
Assist. Prof. Dr. Kalemkas KALIBAEVA — Kazakhstan
Assist. Prof. Dr. Bouaraour KAMEL — Algeria
Assist. Prof. Dr. Alia R. MASALIMOVA - Kazakhstan
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Assist. Prof. Dr. Gulsat SUGAYEVA — Kazakhstan
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ATATURK UNIVERSITESI REKTORLUGU
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Say1 : E-36643897-000-2300315795 05.10.2023
Konu : Gorevlendirilme.

KLINiK BILIMLER BOLUMU BASKANLIGINA

ligi : 04.10.2023 tarihli ve E-36643897-000-2300313904 sayili belge.

Ilgide kayith yazida belirtildigi {izere, Boliimiiniiz Veterinerlik I¢ Hastaliklar1 Anabilim
Dal1 6gretim iiyelerinden Prof. Dr. Basak HANEDAN'In, "Academy Global Conferences &
Publishing tarafindan oniimiizdeki tarihlerde diizenlenecek olan uluslararasi kongrelerde;
kongre baskani, kongre diizenleme ve bilim kurulu iiyesi olarak goérevlendirilmesi
Dekanligimizca uygun goriilmiistiir.

Bilgilerinizi ve geregini rica ederim.

Prof.Dr. Yavuz Selim SAGLAM

Dekan
Bu belge, guvenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: c147f559-545f-45be-8400-8eec2b215h38 Dogrulama Adresi: https://www.turkiye.gov.tr/ataturk-universitesi-ebys
Atatiirk Universitesi Veteriner Fakiiltesi 25240 Erzurum Bilgi: Derya FINDIK &
Tel: +90 442 2317222 Faks: +90 442 2317244 1)
Elektronik Ag: http://www.atauni.edu.tr/#!birim=veteriner- E-Posta: vetfak@atauni.edu.tr 3

fakultesi
Kep Adresi: atauni@hs01.kep.tr
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AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED
SCIENCES
August 1 - 5, 2024-

Tashkent

Kongre Baglant1 Linki :

Join Zoom Meeting
https://us06web.zoom.us/j/81604584722?pwd=y2kFvDBwWS8AEhxbZ5eSknY VkdXt0yTt.1
Meeting ID: 816 0458 4722
Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e  ZOOM baglantisi i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini kullanabilirsiniz.

e Oturum igerisinde en KIDEMLI olan moderator olarak secilir. Moderatériin oturum diizenini gézetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizt adinizin 6niine asagidaki gibi ekleyiniz. Bu sayede kongre agilisinda
beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

e  Sunum siiresi 10 dakikadir. Bu siirenin agilmamasini moderatorler temin edecektir.

e  Sunum sonrasi 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

e Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

e  Kameralar, oturum siiresince toplam % 70 oraninda ag¢ik olmak zorundadir.

e  Sunum yapan katilimcinin kamerasi agik olmak zorundadir.

e  Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimeiya sertifika verilmesi ve
¢aligmasinin yaymlanmasi sdzkonusu olamaz.

e  Katilimci, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e  Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite simri nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

IMPORTANT, PLEASE READ CAREFULLY

e To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID

or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

e Make sure your computer has a microphone and is working.

e  You should be able to use screen sharing feature in Zoom.

e  Attendance certificates will be sent to you as pdf at the end of the congress.

e Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals
gy
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AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
August 1 - 5, 2024-

Tashkent
Meeting ID: 816 0458 4722 Passcode: 202224

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
. N s S . Ars. Gor. HAKAN
LISE DUZEYINDEKI OGRENCILERIN BENLIK BUYUKCELEBI

1 SAYGISI DEGERLERININ FARKLI DEGISKENLER iLE | Prof. Dr. MAHMUT
INCELENMESI: ISTANBUL - FLORYA ILCESI ORNEGI | ACAK

Prof. Dr. MAHMUT

OKUL ONCESI EGITIM GOREN COCUKLARDA ACAK
5 DUZTABANLIK PREVALANSI Ars. Gor. HAKAN
BUYUKCELEBI

Prof. Dr. Sevda islam

3 MUASIR MOKTOB NECO OLMALIDIR? qiz1 Abbasova
=
=
- o
z <Nﬂ o . Ogretmen, Tugge
9 - KAYNASTIRMA/BUTUNLESTIRME SINIFLARINDA CELIKER
< E . AKRAN KABULUNE iLiSKiN OGRETMEN Dr. Ogr. Uyesi Tugba
-~ fn GORUSLERININ BELIRLENMESI PURSUN
-
J ™
< = S . S— :
I o ILAHIYAT FAKULTELERININ EGITIM Prof. Dr. ALI RIZA
£ PROGRAMLARININ VE YAPILARININ GUL

5 GUNCELLENMESI UZERINE BAZI DUSUNCELER

DELEUZE’UN EGITiM GORUSLERI Y L. Ogrencisi, TUGCE
6 AKIS
Prof. Dr., AYTEN KOC
AYDIN
STUDENT-BASED APPROACH IN HIGHER Assoc. Prof. Nazile
7 EDUCATION PROGRAMS Abdullazade
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AVRASYA 11th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
August 1 - 5, 2024-

Tashkent
Meeting ID: 816 0458 4722 Passcode: 202224

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors

Dr. Ogr. Uyesi,
TUKETICI ALEYHINE GETIRILEN CEZA HUSEYIN BOZOK
1 KOSULLARININ HAKSIZ SART
PERSPEKTIFINDEN DEGERLENDIRILMESI

Dr. Ogr. Uyesi,
TUKETICI HUKUKU BAGLAMINDA KiSiSEL HUSEYIN BOZOK
2 VERILERIN KORUNMASI

N Aragtirma Gorevlisi
~ § KONKORDATO MUHLETININ ZEHRA NUR ERIM
= - 3 KALDIRILMASININ SONUCLARI
o >~
- L)

S =
- 5 Assoc. Prof. Dr. Yasin
- f THE SEMANTIC DIMENSION OF ACTIVE AKYILDIZ
§ a 4 AGING: THE KIRKLARELI EXAMPLE
-3
=
AVRASYA’DA GERCEKCI OLMAYAN BIiR Dog. Dr. Serdar
5 TURK BAHARI MI? TURK DEVLETLERI YILMAZ
TESKILATI

Academy Global Conferences & Journals
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AVRASYA 11th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
August 1 - 5, 2024-

Tashkent

Meeting ID: 816 0458 4722 Passcode: 202224

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Dog. Dr. Esra
YouTube Videolarinin Egitimi Destekleyici Rolil CIZMECI UMIT
Nihat CELIK
Doktora Ogrencisi,
ORGANISATIONAL CULTURE AND Furkan SIMSEK
ORGANISATIONAL SYMBOLISM Dog. Dr. Murat
SAHIN
Okkes YAMAN
ERKEN COCUKLUK DONEMINDE OZEL Serhat KOKLU
GEREKSINIMLI COCUKLARIN RESIM Fatih KAMUK
OZELLIKLERININ VE ASAMALARININ Ali Egemen
GELISIMLERININ INCELENMESI GULAYDIN
Dr. Sevim KUCUK
i KARAHAN
Q
™ <
% j YENI BIR KAVRAM: SOSYOTELIiZM Dr. Ogr. Uyesi
| = (PHUBBING) UZERINE TEORIK BIR INCELEME | NIHAL ACAR
< z.
U) - p—
3 g
T =
I ')’50 AHLAK GELISIMI: JEAN PIAGET, LAWRENCE Ars. Gor. Aylin
'S KOHLBERG, ELIOTT TURIEL UZUN
a
PSIKOLOJIK DAYANIKLILIK: SOSYAL DESTEK | Ars. Gor. Aylin
VE BAS ETME STRATEJILERI UZUN
TURKIYE'DE MARKALASMA: ILLER BAZINDA MARKA Prof.Dr., Salih YILDIZ
- ; ; “ ; Doktora Ogrencisi, Mehmet
BASVURULARI UZERINE BiR DEGERLENDIRME Asif ALAN
Prof.Dr., Salih YILDIZ
ENDUSTRI 6.0’DAN PAZARLAMA 6.0°’A BAKIS Doktora Ogrencisi, Mehmet
Asif ALAN

Academy Global Conferences & Journals
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Meeting ID: 816 0458 4722 Passcode: 202224

AVRASYA 11th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
August 1 - 5, 2024-

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
ANOTHER WAY TO DETERMINATE OF MASS Dr. Gozde TEKTAS
ATTENUATION COEFFICIENTS OF U ELEMENT Dr. Ciineyt CELIKTAS
FOR ENERGIES FROM 0.001 MeV to 1 MeV
ELECTROSPUN SAFFRON NANOFIBERS: TAHMINEH
INNOVATIVE APPLICATIONS IN FOOD DARVISHMOHAMMADI
PACKAGING MATERIALS Dr. AYSE OZKAL
ARDISIK ILERI YONDE KAYAN SECIM
YONTEMININ FARKLI ALGORITMALARI ILE Remzi Ulas CILOGULLARI
OSMANIYE iLi GONES RADYASYONU TAHMIN | Dr. Ogr. Uyesi, Kemal
PARAMETRELERININ SECILMESi VE MODERN BALIKCI
MAKINE OGRENIMI MODELLERI ILE YAPILAN
TAHMINLERIN KARSILASTIRILMASI
e 5 BILAL ALAGHA
‘Z‘ 5 AN EMPIRICAL EVALUATION OF BLOCKCHAIN | Dr. Ogr. Uyesi ILKER
< j ~ TRANSACTION SEARCH METHODS OZCELIK
Z N é -
O o Ebrar DEMIRTAS
;(' d § EVDE BAKIM HiZMETLERINDE SUREC Dog. Dr. TULAY
%) : > IYILESTIRME UYGULAMASI KORKUSUZ POLAT
3 % 5
- =5 =)
< .
T | &= . . e Harun TOSUN
o a BIR OTOMOTIV YAN SANAY1 SIRKETININ Dog. Dr. TULAY
s URETIM PLANININ KORKUSUZ POLAT
=i HAZIRLANMASI VE KALITE KONTROLU
INVESTIGATION OF COOLING BY MIXED Dr. Ogr. Uyesi YELIZ
CONVECTION OF A HEATED ELEMENT IN A ALNAK
VERTICAL CHANNEL Dog. Dr. KORAY
KARABULUT
EVALUATION OF THE FLOW DIRECTOR EFFECT | Dog. Dr. KORAY
ON HEAT TRANSFER BY MIXED CONVECTION KARABULUT
FROM ELECTRONIC COMPONENTS Dr. Ogr. Uyesi YELIZ
ALNAK
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AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
August 1 - 5, 2024-

Tashkent
Meeting ID: 816 0458 4722 Passcode: 202224

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors

SYNTHESIS, SPECTRAL CHARACTERIZATION, | Assist Prof. Eyiip

AND INVITRO CYTOTOXIC ACTIVITY BASARAN Assoc.
1 EVALUATION OF A NEW HALO- Prof. Senem AKKOC
FUNCTIONALIZED SULFONYL HYDRAZONE
COMPOUND
A BENZIMIDAZOLE-BASED MOLECULE AS Assoc. Prof. Senem
2 ANTICANCER AGENT: SYNTHESIS, AKKOC Assist Prof.

SPECTROSCOPIC, AND IN VITRO CYTOTOXIC Eyiip BASARAN
ACTIVITY STUDIES

SPACE NURSING Prof. Dr. Behice ERCI

PEER BULLYING Prof. Dr. Behice ERCI

HALL /SALON 5
Prof. Dr. Behice ERCI

Research Assistant Dr.

EVALUATIONS OF NURSING CARE Bahar COLAK
5 BEHAVIORS BY STUDENT NURSES Lecturer Berrin
PRACTICING IN PEDIATRIC CLINICS GOGER

ANALYSIS OF RESEARCH ON NOMOPHOBIA Research Assistant Dr.
6 AMONG NURSING STUDENTS Bahar COLAK
Lecturer Berrin
GOGER

Academy Global Conferences & Journals
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Tashkent

Meeting ID: 816 0458 4722 Passcode: 202224

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Basligi / Paper ID and Title

Authors

HALL / SALON 6
Asst. Prof. Dr. Suleyman CETINKAYA

ON THE SOLUTION OF SPACE-TIME FRACTIONAL
WAVE PROBLEM WITH FRACTIONAL NEUMANN
BOUNDARY CONDITIONS

Asst. Prof. Dr. Suleyman
CETINKAYA
Prof. Dr. Ali DEMIR

NUMERICAL SCHEME OF ATANGANA-BALEANU
FRACTIONAL DERIVATIVE

Asst. Prof. Dr. Suleyman
CETINKAYA
Prof. Dr. Ali DEMIR

INTERACTION BETWEEN DEMOGRAPHIC CHANGE,
INFLATION AND FINANCIAL MARKETS: THE
EXAMPLE OF BORSA ISTANBUL

Dr. Siikrii C.
DEMIRTAS

Dr. Ogr. Uyesi Demet
TOPAL KOC

MAGNETIC HYSTERESIS PROPERTIES OF Ni
NANOMAGNETS

Dr. Necda CAM
Assoc. Prof. Dr. Umit
AKINCI

SMART GREENHOUSE AUTOMATION: MACHINE
LEARNING AND IOT BASED
GREENHOUSE MANAGEMENT SYSTEMS

DENIiZ OCAK

YUSUF AYAZ

Dr. Ogr. Uyesi ZEYNEP
HASIRCI TUGCU

AN ITERATIVE CONFORMABLE LAPLACE METHOD
FOR THE SOLUTION OF ITO EQUATION

Asst. Prof., MUAMMER
AYATA

Academy Global Conferences & Journals
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AVRASYA 11th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
August 1 - 5, 2024-

Tashkent

Meeting ID: 816 0458 4722 Passcode: 202224

2 Agustos / August 2, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

BIREYLERIN TIBBI BITKi KULLANIMINA ILiSKIN
BILGI VE DUSUNCELERI; HATAY iLi ORNEGI

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
SYNTHESIS OF AuNPs WITH THE GREEN METHOD Ayse BARAN
AND ANTI-MICROBIAL AND ANTI-CANCER Polat IPEK
APPLICATIONS
DETERMINATION OF THE PROTECTIVE ROLE OF Professor Dilek
RHEUM RIBES L. EXTRACT AGAINST THE TOXIC PANDIR
EFFECTSOFH2 O 2 ON ALLIUM CEPA L. ROOT TIP Graduate Student Seren
GERM CELLS BENGUSAT
Professor Dilek
DETERMINATION OF THE ANTI-CANCEROUS PANDIR
EFFECTS OF RHEUM RIBES L. EXTRACT ON DU-145 Master’s student Seren
CELL LINE BENGUSAT
Lecturer Fatih Oguz
BEKDEMIR
Expert Biologist Biisra
0z
N~
P4 Z
9 é 5 MICROBIAL BASED PRODUCTS: Assis. Prof. Dr. Mehmet
g < & EXOPOLYSACCHARIDES Akif OMEROGLU
~ Pl
3 28
< <=
T

Dr. Ogr. Uyesi Aybiike
KAYA
Ebrar Nur SINIKOGLU

TURKIYEDE SOYA URETIMININ YILLAR
ITIBARIYLE DEGISIMI VE DUNYADAKI YERI
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THE DOCTRINE OF LEGITIMATE EXPECTATION: A Assoc. Prof .Dr. Paiboon
STUDY OF JUDICIAL DECISIONS IN THAILAND Chuwatthanakij

EMPLOYEE ENTITLEMENTS TO RELIGIOUS
2 OBSERVANCE: ANALYSIS OF THE PORTUGUESE Susana Sousa Machado
CONSTITUTIONAL COURT'S STANCE

THE LEGAL PROCESS FOR CERTIFICATION OF
3 GOVERNMENT OFFICIALS Armen Yezekyan

THE PRINCIPLES AND IMPLEMENTATION OF
EFFECTIVE GOVERNANCE IN THE EUROPEAN

4 UNION Dr. Robert Grzeszczak
—
= ©
Q kS
< 8 THE INFLUENCE OF AMERICAN CONSERVATIVE Assis. Prof. Dr. Mohd
2 < 5 WOMEN’S ADVOCACY GROUPS ON U.S. FOREIGN e oontian
5 Afandi Salleh
- b POLICY
- o
< o
I

MORPHOLOGICAL CHARACTERISTICS AND RISK
FACTORS FOR BLUNT ABDOMINAL TRAUMA IN

6 VEHICULAR COLLISIONS: AN AUTOPSY ANALYSIS | 1icijana Prijon, Branko

Ermenc
THE IMPLEMENTATION STRATEGY OF THE Eglé Bileviditte,
EUROPEAN FORENSIC SCIENCE VISION 2020 IN Vidmantas Egidijus
7 LITHUANIA Kurapka, Snieguolé
Matuliené, Siguté
Stankevicitté

MODERNIZING THE EUROPEAN COMPETITION

NETWORK (ECN): STRATEGIES AND APPROACHES
Dorota Galeza

REVAMPING THE EUROPEAN COMPETITION
NETWORK (ECN): STRATEGIES FOR
9 MODERNISATION DR. Nazia Khan
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INVESTIGATING THE IMPLEMENTATION OF
SUFFICIENCY ECONOMY PHILOSOPHY BY URBAN
COMMUNITY LEADERS IN DUSIT DISTRICT,
BANGKOK METROPOLITAN AREA: A STUDY OF
PERFORMANCES AND ACTIVITIES

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EXAMINING FURTHER PREDICTORS OF INTENT IN . .
TYPE 2 DIABETES DIETARY BEHAVIOR Omondi Walingo, G. M.
Mbagaya
THE INFLUENCE OF LEARNING STYLES ON IDEA Abdullahi Musa, Dr. J.
GENERATION CHALLENGES Hassan, Omar Tariq, M.
M. Abdul
EVALUATING THE EFFECTS OF A COGNITIVE-
BEHAVIORAL THERAPY (CBT) AND
MULTIDIMENSIONAL SELF-CONCEPT MODULE- Farid Ahmed, Ali Shah,
BASED DRUG PREVENTION PROGRAM ON Dr. Aisha Aziz
RESILIENCE AND AGGRESSION IN AT-RISK YOUTH
IN MALAYSIA
AN INSIGHT INTO THE LIFESTYLE OF CIVIL
SERVANTS WITHIN THE ROYAL HOUSEHOLD Dr. Supatra Chotikul,
BUREAU: A THA WASUKRI, BANGKOK CASE STUDY | Nattaya Kongnok
N c
z =
@) o ASSESSING THE IMPACT OF TRATAKA PRACTICE Rakesh Kumar, Priya
;(' m ON ANXIETY LEVELS IN TEENAGERS Sharma
% 8
= €
- I
-
< g
T n

Dr. Somsak Chaiyasit,
Narongchai Nonthasorn

THE ROLE OF NEUROPLASTICITY IN OFFERING A
FRESH START TO LIFE

Amina Rahimi, Farhad
Mirzaei

EXAMINING PEER-BASED INTERVENTIONS FOR
ADDRESSING SOCIAL COMMUNICATION
CHALLENGES IN ADOLESCENTS WITH AUTISM: A
REVIEW OF LITERATURE AND
RECOMMENDATIONS FOR FUTURE RESEARCH

Samantha Brown
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METHODOLOGICAL CONSIDERATIONS AND DESIGN
STRATEGIES FOR UTILIZING VLE IN ENHANCING

1 MATHEMATICAL CONCEPT ACQUISITION AMONG Emily E. S. Thompson
SECONDARY EDUCATION STUDENTS IN ENGLAND

LEVERAGING DIGITAL TOOLS FOR IMPROVED
2 COLLABORATIVE LEARNING: HARNESSING ONLINE Prof. A. Anderson
COMMUNICATION TO FOSTER STUDENT ENGAGEMENT

AUGMENTING ELEMENTARY SCHOOL LEARNING WITH Assoc. Prof. Maria
EDUCATIONAL MULTIMEDIA GAMES Papadopoulos

™ - EMPOWERING E-EDUCATION THROUGH MOBILE Dr. E. Chew
% 3 e 4 LEARNING: A CASE STUDY ON PROMOTING INCLUSIVITY Ha. dh Black79
| 29 IN VARIED EDUCATIONAL ENVIRONMENTS Y Y
> |ag

~

- = S

2' [a) 3‘:5 AUGMENTING MATHEMATICS SELF-STUDY FOR CPE Avesha Ali

T 5 EXAMINATION PREPARATION VIA AN INTERACTIVE E- F)z;tima Khén

LEARNING PLATFORM

Nurul Hidayah Ismail,
Halimah Badioze Zaman,
Azlina Ahmad

INVESTIGATING THE VIABILITY OF VIRTUAL BIOLOGY
LABORATORIES: AN INITIAL EXPLORATION

ANALYZING THE EFFECTS OF EXERCISE BEHAVIOR
CHANGE INTERVENTIONS ON SOCIAL AND

7 PSYCHOLOGICAL FACTORS AMONG HIGH SCHOOL
STUDENTS: AN APPROACH BASED ON THE
TRANSTHEORETICAL MODEL

Jason K. Smith,
Chih-Hao Chen

Rodriguez K. Maria,
Sanchez L. Daniel,
Martinez. Luis,
Gomez. Ana Maria

ENHANCED PEDAGOGICAL APPROACHES THROUGH
8 INTERACTIVE VIRTUAL REALITY FOR FLUTE
INSTRUCTION
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HOUSEHOLD COMMUNICATION DYNAMICS
AMONG COLLEGE STUDENTS

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EXPLORING GENDER DISPARITIES IN
MATHEMATICS ANXIETY AMONG STUDENTS Dr. Wei Xing Yap, Dr. Hui
Wen Ng
UTILIZING THE MMSE-2 FOR DIAGNOSTIC
INSIGHTS IN COGNITIVE IMPAIRMENT: CASE
STUDIES AND MONITORING Dr. loana-Maria Popescu
INVESTIGATING STUDENTS' BRAIN ELECTRICAL
RESPONSES TO TEACHER'S EMOTIONAL CUES
Prof. Dr. Hye Rim Lee
D
(3]
< -
Z = THE INFLUENCE OF PERSONALITY TRAITS ON
9 r COMPULSIVE GAMING: A STUDY OF THE BIG FIVE
% % FACTORS Dr. Eun Ji Kim
3 X
2:' (@)
I § EXPLORING PARENTING APPROACHES AND
o

Dr. Maryam Jafari

THE ROLE OF EMOTICONS IN COURTEOUS
EXPRESSIONS OF GREETINGS AND APPRECIATION

Prof. Dr. Sofia Bianchi

UNDERSTANDING VENTING AND UNWINDING:
THE IMPACT OF SEEKING THERAPEUTIC
CATHARSIS, SELF-IDENTITY, AND SOCIAL
CONNECTIONS IN GAMING ENVIRONMENTS

Prof. Dr. Hye Rim Lee, Dr.
Eun Woo Kim, Dr. Jae
Hyun Park
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EXPLORING CREATIVITY IN BILINGUAL
ADVERTISING: A MORPHOLOGICAL EXAMINATION
OF SINHALA AND ENGLISH USAGE IN SRI LANKA

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
COMPARATIVE ANALYSIS OF STATISTICAL
APPROACHES FOR PART OF SPEECH TAGGING IN Prof. Dr. Priyanka
NEPALI TEXT Sharma
DYNAMIC EVOLUTION OF METAPHORICAL
CREATIVITY: AFRAMEWORK FOR ANALYZING
METAPHORICAL INNOVATION IN INTERACTIVE Badri Kaya
DISCOURSE
PERSISTENCE OF EPENTHETIC VOWEL DURATION Haruka Sato. Kakeru
IN JAPANESE SPEAKERS’ ENGLISH ACQUISITION -
Yazawa, Mariko Kondo
CO-ARTICULATION PATTERNS OF CONSONANTS
© AND VOWELS IN CANTONESE MONOSYLLABIC Sum Wai Lee
S STRUCTURES: AN ARTICULATORY ANALYSIS
) °
=z ©
S |&
% g ENHANCING VOCAL REGISTER RECOGNITION Natalia Wojciechowska
hag © THROUGH SPECTRAL ANALYSIS: ATOOL FOR Krzysztof Nowak '
j o VOCALISTS
T |
T %]
—
(@]

Tharindu Lakmal Perera

EXPLORING MORPHOLOGICAL PATTERNS IN TEXT
MESSAGING: A STUDY OF URBAN BILINGUALS IN
SRI LANKA

Dr. Sameera
Jayawardena

EXPLORING COMPUTATIONAL APPROACHES TO
CONSCIOUSNESS: INTRODUCING THE INTEGRATED
ABSTRACTION FRAMEWORK

Assoc. Prof. Dr. Omar
Ahmed, Mohamed Ali
Cherif

EXPLORING THE INFLUENCE OF PLANNING AND
MEMORY ON NAVIGATIONAL PROFICIENCY:
INSIGHTS FROM A VIRTUAL REALITY STUDY

Ananya Patel, Suresh
Kumar, Ravi Shankar,
Alok Kumar Singh
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CHALLENGING TRANSLATION NORMS: EXPLORING THE
IMPACT OF ADAPTATION ON MEANING TRANSFERENCE"

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
PATTERNS OF COLLOCATION ERRORS AMONG ESL
LEARNERS: A STUDY AT FEDERAL COLLEGE OF Abdulrahman Ibrahim
EDUCATION, KANO, NIGERIA Abdullahi
COMPARATIVE ANALYSIS OF BEHAVIORAL AND EEG Olua M. Petrova. Alexand
RESPONSES AMONG NATIVE TURKIC-SPEAKING £ gsa -re “Ii:‘l’(a't .exaﬂ er
INHABITANTS OF SIBERIA AND SIBERIAN RUSSIANS o aprygl'“' Da Fe)“t”a -
DURING SYNTACTIC ERROR RECOGNITION IN NATIVE Ga”.o"g' \)la{:( - ?\l“;"i.
AND FOREIGN LANGUAGES aria >. volkova, Natalla
V. Borisova,
THE INFLUENCE OF MORPHEMIC ANALYSIS AWARENESS | [ o o .
ON VOCABULARY LEARNING STRATEGIES OF ESL r. Fatima Al-Mansoort,
Anjali Patel, Abdullah Al-
LEARNERS
Saud
ASSESSMENT PRACTICES IN IRANIAN UNDERGRADUATE
ENGLISH TRANSLATION PROGRAMS: AN EXPLORATION Mohammad Reza Jahangiri,
OF FINAL TESTING METHODS Fatemeh Mohammadi
2 3
g =
- <
< = ANALYSIS OF EXPANSION STRATEGIES IN PERSIAN Moh o Reza Rahimi
v < SUBTITLING OF ENGLISH CRIME FILMS ohammad Reza Ranimi,
~ = Azra Davari, Ali Najafi
_ <
] (p]
< -
T o

Alexandera G. Karpova,
Igor N. Kozlov, Elena P.
Ivanova, Sergei A. Ivanov

INFLUENCE OF TOP-DOWN PROCESSES ON PERCEPTUAL
AMBIGUITY: INSIGHTS FROM TEMPORAL DYNAMICS

Prof. Dr. Anastasia S.
lvanova,
Dr. Maria A. Petrov

EXPLORING THE ROLE OF TEACHER GUIDANCE IN
FACILITATING INFERENCE PROCESSES DURING ARABIC
TEXT READING

Dr. Sarah Ahmed

EXAMINING THE INFLUENCE OF MORPHEMIC ANALYSIS
AWARENESS ON ESL STUDENTS’ VOCABULARY
LEARNING STRATEGY: EXPLORING INFLECTIONAL AND
DERIVATIONAL PERSPECTIVES

Ranjana Devi, Adelina Binti
Asmawi, Nabeel Abdallah
Mohammad Abedalaziz
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CORRELATION OF JOB SATISFACTION, MOTIVATION, AND
THE FIVE DIMENSIONS OF ORGANIZATIONAL Mushtaq Bakar, M. K.
CITIZENSHIP BEHAVIOR Umar
UTILIZING ONLINE GAMES FOR EDUCATIONAL PURPOSES | | 7
IN ADDRESSING LEARNING CHALLENGES - Smyrnaiou, Z.
Margoudi
COMPARING SPATIAL ABILITIES, MEMORY, AND
INTELLIGENCE ACROSS DRIVERS WITH VARIED A. Kim Khon, T.
PROFESSIONAL EXPERIENCE LEVELS Mukhitdinova
UNDERSTANDING SUBJECTIVE WELL-BEING: CONTRASTS | | . . 1
© BETWEEN HIGH AND LOW EMOTIONAL INTELLIGENCE P.erlf.”' aKr']m | a
< AMONG STUDENTS fvkina , Kkhon fuva
Q Nataliya
~ g8
= 3
S =
;(' - PSYCHOPATHIC DISORDERS AND JUDICIAL SENTENCING:
P c CAN NEUROSCIENCE SHIFT THIS AGGRAVATING FACTOR | [ i
> 3 TO A MITIGATING ONE? r. fevin Rana Moustapha
- £
< =
T <
o VARIETIES OF EPILEPSY AND INSIGHTS FROM EEG- Leila Maleki, Esmali
a) LORETA ANALYSIS ON EPILEPTIC ACTIVITY Kooraneh, Taghi Hossein
Derakhshi
CORRELATIONS BETWEEN GAMING ENGAGEMENT AND
LIFE SATISFACTION: EXPLORING THE INFLUENCE OF Dr. Hye Lee Jeong,
SELF-ESTEEM, SELF-EFFICACY, AND SOCIAL CAPITAL 'J‘Lsns's- prof. Dr. Eui Rim
EXPLORING CASE STUDIES ACROSS THREE LEARNING
DOMAINS: COGNITIVE, AFFECTIVE, PSYCHOMOTOR Assoc. Prof. Dr.
Zeinabsadat Haghshenas
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Salon Moderator

Bildiri No ve Basligi / Paper ID and Title

Authors

HALL /SALON 1
Dr. Ogretim Uyesi Turgay KARALINC

SEMENTE KARBURUN DALMA EROZYONLA

YL Ogr. Ahmet Tolunay

ISLENMESINDE BOYUTSAL DOGRULUGUN ISIK
ARASTIRILMASI Prof. Dr. Mustafa
GUNAY
PASLANMAZ CELIGIN LAZER ILE KESILMESINDE Dog. Dr. Ramazan
GEOMETRIK TOLERANS ANALIZI CAKIROGLU
Prof. Dr. Mustafa
GUNAY

REUSE OF HIGH DENSITY POLYETHYLENE (HDPE)
PLASTIC WASTES WITH CERIUM DIOXIDE AS A
NEW POLYMER NANOCOMPOSITE

Delia Teresa Sponza,
Rukiye Oztekin

DETECTION OF EARTHQUAKE DAMAGE USING PRE
AND POST EARTHQUAKE SATELLITE DATA

Assist. Prof. Dr. OMER
FARUK NEMUTLU

ESTIMATION OF WARPAGE OF A BUMPER PART
AFTER PLASTIC INJECTION PROCESS BY USING
FINITE ELEMENT METHOD (FEM)

Ayse Hazal CEYLAN
Dog. Dr. Biilent KAYA

ENSURING STRUCTURAL INTEGRITY IN OFFICE
CHAIR DESIGN: A COMPREHENSIVE ANALYSIS

Melike UNLU
Dog. Dr. Biilent KAYA
Kadir Cem TUGCU

RISK ANALYSIS WITH L-TYPE MATRIX AT THE
FACILITY WHERE MEDICAL MATERIAL
PRODUCTION IS CARRIED OUT AS A HAZARDOUS
WORKPLACE

Assit. Prof. Dr. ZEHRA
GULTEN YALCIN
Res. Assist. Dr.
MUSTAFA DAG
Assoc. Dr. ERCAN
AYDOGMUS

AN EXAMPLE OF A RISK ANALYSIS STUDY WITH
AN L-TYPE MATRIX WITHIN THE SCOPE OF SAFETY
MEASURES IN THE PRODUCTION OF MEDICAL
EQUIPMENT

Assit. Prof. Dr. ZEHRA
GULTEN YALCIN
Res. Assist. Dr.
MUSTAFA DAG
Assoc. Dr. ERCAN
AYDOGMUS
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DEPRESYONUN ELEKTROENSEFALOGRAFI Fatma LATIFOGLU
SINYALLERI KULLANARAK Sabrina
1 SINIFLANDIRILABILMESI ICIN SINYAL ISLEME | TURTUROVA
VE YAPAY ZEKA YONTEMLERI ICEREN BIiR
YAKLASIM
DOSE-DEPENDENT SEDATIVE EFFECTS OF Ali Yucel KARA
\ 2 CLONIDINE PREDOMINATE OVER Deniz YILDIZ
~ 5 ANTINOCICEPTION IN A RAT MODEL PEHLIVAN
2 ot
) O
= S
5, = Prof. Dr. Hiilya
3 = 3 APITOKSIN: ZEHIR Mi YOKSA ILAC MI? CICEK
1
?t' =)
CLIMATE CHANGE AND ITS EFFECTS ON Ogr. Gor. Dr.
4 CHILD HEALTH HAKAN AVAN
SMOKELESS TOBACCO USE AND HEALTH Ogr. Gor. Dr.
5 EFFECTS IN ADOLESCENTS HAKAN AVAN
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
MODERNIST FEAR OF MASS CULTURE AND DR., PURNUR
MISOGYNY IN HOWARDS END AND MRS TURHAN
DALLOWAY
THE PERSONALITY OF THE PROPHET MUHAMMAD
ACCORDING TO THE FRENCH WRITER AND Dog. Dr. Ismail METIN
STATESMAN ALPHONSE DE LAMARTINE
THE PROPHET MUHAMMAD AS A ‘HERO’ IN THE ) )
WEST: AN EVALUATION OF THE FRENCH Dog. Dr. Ismail METIN
MANUSCRIPT OF THOMAS CARLYLE’S LECTURE
4
o
™ =
= =
O = o Lamiys Rza qiz1
3:' ﬁ MOLLA PONAH VAQIFIN YARADICILIGINDA QADIN | Mammadova
%) g GOZOLLIYININ TORONNUMU
3|2
0 x
< =]
T < o . o
5 TOPLUMDILBILIM ACISINDAN CIN DEVLETININ Dr. Adilcan ERUYGUR
MILLI BOLGESEL OZERKLIK SOYLEMI
IKi DILLI OGRENCILERIN TURKCE YAZMA Bilim Uzman1 Furkan
STRATEJILERI UZERINE BIiR INCELENME CAN
Prof. Dr. Mehmet Nuri
KARDAS
IKi DILLI OGRENCILERIN TURKCE YAZMA Bilim Uzmani Furkan
TUTUMLARI UZERINE BiR INCELENME CAN
Prof. Dr. Mehmet Nuri
KARDAS
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
GECMISTEN GUNUMUZE FELSEFE GRUBU Ogr. Gér. Dr., GAMZE
OGRETMENLIGI YETISTIRME POLITIKALARI ASLAN
Ogr. Gor. Dr., GAMZE
SOSYOLOJi OGRETIMINDE ZiYA GOKALP’IN ONEMI | ASLAN
“ALMANCA DERS KIiTAPLARI Al.1, SCHRITTE A1.2, | Ogretmen / Miitercim,
SCHRITTE A2.1 VE SCHRITTE A2.2 PINAR PINARBASI
< KULTURLERARASI YAKLASIM BAGLAMINDA Dog. Dr, SERIF ORUC
z INCELENMESI”
; X i Mehmet Ozden
o) E TUBITAK BILIM TOPLUM VE OGRENCI ARASTIRMA | YALCIN
;(' — PROJELERINDE SURECE ILiSKiN OGRETMEN VE Prof. Dr. Aysegiil
%) E OGRENCI DEGERLENDIRMELERI SEYIHOGLU
3 .
3 T
< o = = -
T =) o L o DrV. Ogr. Uyesi
« BEDEN EGITiMi VE SPOR OGRETMENLERININ OGUZHAN CALI
s PARANORMAL INANCLARI Dog. Dr. YAHYA
DOGAR
Do¢. Dr. YAHYA
YASAM MERKEZINDE SPOR YAPAN BIREYLERIN DOGAR
BEDENI BEGENME DUZEYLERI Dog¢. Dr. SERKAN DUZ
Dr. Ogr. Uyesi
OGUZHAN CALI
DISINTEGRATION IN EDUCATION: A CRITICAL Prof. Dr. H. EYLEM
LOOK AT CHANGING OF EDUCATOR AND LEARNER | KAYA
PROFILE
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UNIVERSITE OGRENCILERINDE SAGLIGI
GELISTIRICI VE KORUYUCU DAVRANISLARIN
YASAM TATMINi UZERINDEKI ETKiSi

Salon Bildiri No ve Basligi / Paper ID and Title Authors
RELATIONSHIP BETWEEN EXCESSIVE WORKLOAD | Dr. Ogr. Uyesi EBRAR
AND BURNOUT LEVEL IN HEALTH WORKERS ILIMAN YALTAGIL
Dr. Ogr. Uyesi Mehmet
DEMOKRAT PARTI DONEMI EKONOMI KAPUSIZOGLU
POLITIKALARININ BANKACILIK SEKTORU Yiiksek Lisans
UZERINE ETKISI (1950-1960) Ogrencisi, Adem
KIRMIZIOGLU
THE EFFECT OF ADVERTISEMENTS ON SOCIAL Prof. Dr. Abdulvahap
NETWORKING SITES ON CONSUMER PURCHASING | BAYDAS
BEHAVIOR: TEXTILE INDUSTRY EXAMPLE Assoc. Prof. Dr. Murat
BAYAT
AN EMPIRICAL STUDY TO DETERMINE THE Prof. Dr. Abdulvahap
QUALITY OF SERVICES PROVIDED BY PUBLIC BAYDAS
INSTITUTIONS Assoc. Prof. Dr. Murat
- BAYAT
55
- <
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IMPACT OF CARBON SOURCES ON TABTOXIN
PRODUCTION: A STUDY ON PSEUDOMONAS
SYRINGAE PV. TABACI, A B-LACTAM PHYTOTOXIN

Dr. N. Messaadia

OPTIMIZATION OF GROWTH CONDITIONS FOR
ACIDIC PROTEASE PRODUCTION FROM RHIZOPUS
OLIGOSPORUS THROUGH SOLID STATE
FERMENTATION OF SUNFLOWER MEAL

Dr. Abdul Rauf
Muhammad Irfan,
Muhammad Nadeem,
Ishtiag Ahmed, Hafiz
Muhammad Nasir Igbal

PREVALENCE OF EPSTEIN-BARR VIRUS LATENT
MEMBRANE PROTEIN-1 IN JORDANIAN PATIENTS
WITH HODGKIN'S LYMPHOMA AND NON-
HODGKIN'S LYMPHOMA

Dr. Fawzi Irshaid, Dr.
Adnan Jaran, Dr. Fatiha
Dilmi, Dr. Khaled
Tarawneh, Dr. Raji
Hadeth

Academy Global Conferences & Journals

UASIOURNAL

ejomnalcon ACADBNY




%

ACADEy,

 LONFEREY,
AR 5,

o
Pl

www.akademikongre.org

AVRASYA 11th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

August 1 - 5, 2024-
Tashkent

Meeting ID: 816 0458 4722 Passcode: 202224

4 Agustos / August 4, 2024 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
ENHANCED APPROACH FOR COMPUTING LINEAR AND
NONLINEAR RESPONSES OF SDOF SYSTEMS UNDER Hossein Kabir, Dr. Mojtaba
ARBITRARY BASE EXCITATIONS Sadeghi
H. Salonen,
E. Castagnoli,
IMPACT OF LOCAL FACTORS ON VIABLE FUNGAL C. Vornanen-Wingvist,
CONCENTRATIONS AND FLORA IN SCHOOL BUILDINGS R. Mikkola,
C. Duchaine,
L. Morawska,
J. Kurnitski
ADHESION PERFORMANCE ACCORDING TO LATERAL i“”?(bhi” }Z.o“' Jonaho Park
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ANOTHER WAY TO DETERMINATE OF MASS ATTENUATION COEFFICIENTS
OF U ELEMENT FOR ENERGIES FROM 0.001 MeV to 1 MeV

Dr. GOZDE TEKTAS

Izmir University of Economics
gozdetektas@hotmail.com — 0000-0003-3360-5236
Dr. CUNEYT CELIKTAS

Ege University

cceliktas@yahoo.com — 0000-0001-8608-066X

ABSTRACT

In the present study, mass attenuation coefficients of uranium element were calculated
theoretically for the energies in the range of 0.001-1 MeV. This calculation was performed by
a code developed under LabVIEW software. To test the developed code, the attenuation
coefficient obtained from the written code for the each energy was compared with that of
XCOM program. In addition to this, just like in the XCOM, the graph of variation of the mass
attenuation coefficients versus the photon energy values was displayed via the code for the U
element. It was concluded from the obtained results that the developed code can be used as an
alternative to calculate the mass attenuation coefficients of the elements. This result encourages

us to improve the code for different energies and elements.

Keywords: Mass attenuation coefficient, LabVIEW, Uranium.

1. INTRODUCTION
If monoenergetic gamma rays strike a detector after passing through an absorber of
variable thickness, the result should be simple exponential attenuation of gamma rays. I, which
represents the number of transmitted photons, is given in terms of the number without an
absorber (lo) as Equation 1 [1].
I =Ie (1)

where u is called linear attenuation coefficient. Use of the linear attenuation coefficient is

limited because it varies with the density of the absorber, even though the absorber material is
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the same. Therefore, the mass attenuation coefficient (up) is much more widely used, and it is

defined as Equation 2. In this equation, p is the density of the medium [1].
— K
Ho =3 )

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) is a programming
environment used to create applications by using the G programming language [2]. For
acquiring, analyzing, displaying and storing data, it contains a comprehensive set of tools [3].
It uses dataflow programming. In this programming, the flow of data through the nodes on the
block diagram determines the execution order of the Vls and functions [2].

We aimed to calculate theoretically the mass attenuation coefficients (MACs) of
elements for different energies via LabVIEW software. We firstly studied with H element and
obtained the successful results for this element [4]. In the current study, the code was improved
for U element (because it is the heaviest nucleus in Ref. [5]), and the MACs obtained from the

code and XCOM program for different energies were compared with each other.

2. MATERIALS AND METHODS

This study calculated the MACs of the U element for energies between 0.001-1 MeV
through the code written using LabVIEW software functions. Equation 3 [6] was utilized for
the MAC calculation:

2 2 NA[ atom] b N
B = oo [ S| S = 0ot || 2107 (3
pL g atom M[ ] atoml M
g—atom

In this equation, Na and M are Avogadro’s number and the atomic weight of the absorber
material, respectively. a;,; is the total photon interaction cross section per atom [6]. In this
study, it was obtained by summing the cross section values (Scattering (coherent and
incoherent), photoelectric absorption, pair production (in nuclear field and in electron field))
given for each energy in the XCOM program. Energies between 0.001-1 MeV in the XCOM
and cross section values corresponding to the each energy were entered into the code. So, the
total cross section value was obtained for the each energy by the developed code (Figure 1).
These energies and total cross section values were sent to the “X” and “Y” inputs of the function
called as “Spline Interpolation 1D VI” [7], respectively. However, when the XCOM program
is run for the U element, two different MAC values are seen at absorption edge energy. If we

compare these MAC values with each other, one is larger than the other [8]. Due to this feature
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of U element, the energies and the cross section values were entered into the code in parts,
separating from the parts corresponding to the maximum MAC of the edge energies. So, for
interpolation process, the function used the relevant energies and the total cross section values
according to energy value coming to the input called as “xi” of the function. The total cross
section value was obtained from the output (“yi”’) of the function for the each energy (i.e. energy
coming to the “xi” input) between 0.001-1 MeV in the XCOM, and they were used in Equation
3. In this way, the MAC values were calculated through the developed code.

Energy (MeV)
0 1.000E-3 |>

1000000
Coherent(barns/atom)
0 5.363E+3

Incoherent({barns/atom)
0 1.789E+0

Photoelectric Absorption(barns/atom)
0 2.614E+6

[MILT]
L+ ]

In Muclear Field(barns/atom)
0 0.000E+0

In Electron Field(barns/atom)
0 0.000E+0

Figure 1. A part of the developed code

3. RESULTS

The MACs were theoretically calculated for the photon energies between 0.001-1 MeV
by the developed code, and the obtained results were compared with those of the XCOM [8].
The comparison table is given below (Table 1). The table presents the MACs with coherent
scattering in the XCOM due to the fact that the coherent scattering cross section is used for

calculations.

Table 1. The MACs obtained from the code and the XCOM

MAC (cm?/g)

Edge Energy (eV) Developed code XCOM
1.000E+03 6.627E+03 6.627E+03
1.022E+03 6.374E+03 6.373E+03
1.045E+03 6.129E+03 6.129E+03

92Ns 1.045E+03 6.521E+03 6.521E+03
1.153E+03 5.433E+03 5.432E+03
1.273E+03 4.527E+03 4.527E+03

92N, 1.273E+03 4.590E+03 4.590E+03
1.354E+03 4.064E+03 4.063E+03
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1.441E+03 3.598E+03 3.598E+03

92N, 1.441E+03 3.669E+03 3.669E+03
1.500E+03 3.380E+03 3.380E+03

2.000E+03 1.865E+03 1.865E+03

3.000E+03 7.693E+02 7.693E+02

3.552E+03 5.257E+02 5.257E+02

92Ms 3.552E+03 1.266E+03 1.266E+03
3.639E+03 1.186E+03 1.186E+03

3.728E+03 1.112E+03 1.112E+03

92M4 3.728E+03 1.582E+03 1.582E+03
4,000E+03 1.329E+03 1.329E+03

4,303E+03 1.110E+03 1.110E+03

92M3 4.303E+03 1.292E+03 1.292E+03
5.000E+03 8.890E+02 8.891E+02

5.182E+03 8.117E+02 8.117E+02

92M; 5.182E+03 8.611E+02 8.611E+02
5.362E+03 7.918E+02 7.919E+02

5.548E+03 7.282E+02 7.282E+02

92M, 5.548E+03 7.590E+02 7.590E+02
6.000E+03 6.284E+02 6.284E+02

8.000E+03 3.107E+02 3.107E+02

1.000E+04 1.791E+02 1.791E+02

1.500E+04 6.527E+01 6.527E+01

1.717E+04 4.662E+01 4.662E+01

92L3 1.717E+04 1.070E+02 1.070E+02
2.000E+04 7.107E+01 7.107E+01

2.095E+04 6.300E+01 6.300E+01

92L, 2.095E+04 8.837E+01 8.837E+01
2.135E+04 8.422E+01 8.421E+01

2.176E+04 8.024E+01 8.024E+01

92L, 2.176E+04 9.221E+01 9.221E+01
3.000E+04 4.128E+01 4.128E+01

4,000E+04 1.983E+01 1.983E+01

5.000E+04 1.121E+01 1.121E+01

6.000E+04 7.034E+00 7.034E+00

8.000E+04 3.396E+00 3.396E+00

1.000E+05 1.955E+00 1.955E+00

1.156E+05 1.378E+00 1.378E+00

92K 1.156E+05 4.894E+00 4.894E+00
1.500E+05 2.591E+00 2.591E+00

2.000E+05 1.298E+00 1.298E+00

3.000E+05 5.193E-01 5.193E-01

4,000E+05 2.922E-01 2.922E-01

5.000E+05 1.976E-01 1.976E-01

6.000E+05 1.490E-01 1.490E-01

8.000E+05 1.016E-01 1.016E-01

1.000E+06 7.895E-02 7.895E-02

The results given in table are also shown graphically. Figure 2 and 3 show the graph of

the variation of the MACs versus the photon energies in the written code and the XCOM,
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respectively. The comparison of the results given in Table 1 is seen in the graph drawn in Excel

program (Figure 4). The axes of the graphs are given in logarithmic scale.

1E+4-

1E+3-

HIEI2L

1E+1-

1E+0-

Mass Attenuation Coefficient (cm”2/g)

1E-2- | i |
1E-3 1E-2 1E-1 1E+0

Energy (MeV)

Figure 2. MACs versus energies in the code

PROCEEDING BOOK Academy Global Publishing House | §



GLEOMERE
G

-
o,
=,
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent

ISBN : 978-625-6283-57-2

Uraj]lum | —— Tetal Attenuation with Coherent Scattering
4
10 | |
1(}: I ]
g
10" [~ -
2 | |
10° 3 2 1 0
10° 10 10 10
Photon Energy (MeV)
Figure 3. MACs versus energies in XCOM [8]
1.000E+04
1.000E+03
1.000E+02
c
E
£ 1.000E+01
®) Developed code
§ ——XCOM
1.000E+00
1.000E-01
1.000E-02
1.000E-03 1.000E-02 1.000E-01 1.000E+00
Energy (MeV)

Figure 4. The comparison graph of MACs from XCOM and code versus energies
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4. DISCUSSION

This study aimed to calculate MACs of the U element for photon energies between
0.001-1 MeV under LabVIEW software. The MACs from the code were compared with those
of the XCOM.

For U element, 1.045E+03, 1.273E+03, 1.441E+03, 3.552E+03, 3.728E+03,
4.303E+03, 5.182E+03, 5.548E+03, 1.717E+04, 2.095E+04, 2.176E+04 and 1.156E+05 eV
energy values are given as the absorption edge energy in the XCOM [8]. So, as seen in Table
1, there are two MACs for these energies. It is also seen from the table that the MAC values
from the code are highly appropriate with those of the XCOM. In addition to this, the graphs
(Figure 2 and 3) of the variation of the MACs versus the photon energies from both programs
are in good agreement with each other. This is also observed in Figure 4. The plots in this figure
appear as a single plot since the MAC values from the code and the XCOM are the same each
other. From these results, it was concluded that the code could be used alternatively to calculate

the MACs of elements that have especially light and heavy nucleus.

5. CONCLUSION

The current study presents the calculation of MACs of the U element for different
energies. We obtained the highly successful results, and this encourages us to develop the code
for different energies and elements.
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ABSTRACT

This review examines the growing field of saffron nanofibers and their possible uses in
materials for food packaging. Saffron, known for its valuable biological compounds such as
crocin, picrocrocin, and safranal, has been widely researched thanks to its healing and edible
properties. Nanotechnology has made it possible to encapsulate saffron extracts into nanofibers,
improving their functionality, stability, and bioavailability. Various techniques, including
electrospinning, have been employed to fabricate saffron nanofibers, leveraging polymers like
zein and tragacanth for encapsulation. These nanofibers are ideal for active and intelligent food
packaging due to their remarkable properties, including excellent heat stability, controlled
release, and antioxidant activity. This article discusses the synthesis, properties, and uses of
saffron nanofibers, emphasizing how these nanofibers can preserve food products' quality and
lengthen their shelf life through creative packaging techniques. The potential of saffron
nanofibers to revolutionize food packaging and contribute to sustainability in the food industry
is also discussed.

Keywords: Food packaging, nanofibers, saffron

1. Introduction

Food waste is a considerable issue globally with multiple consequences. Approximately one-
third of the food produced for human consumption worldwide is lost or wasted every year(1).
This waste can occurs throughout the entire food supply chain, from production to consumption.
Food waste can be associated with contamination, poor handling, storage, or transportation that
makes food unsafe for humans. Additionally, damages during transportation, mishandling, or
inadequate storage facilities contribute to food waste (2). Food waste causes about $940 billion
per year in economic losses globally. These losses impact not only the food industry but also
the broader economy (3). Furthermore, the environmental consequences of food waste are
substantial. The wasted food can utilize large amounts of natural resources, including water,
land, and different kinds of energy. Additionally, it generates methane, a potent greenhouse gas
contributing to climate change (4).
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Packaging plays a crucial role in preserving food quality and safety. It serves as a shield, making
food free from contamination and spoilage. Damage to packaging can lead to contamination,
resulting in significant food loss. It is also interesting to mention that research indicates that
consumers often discard food due to its appearance and packaging integrity, which does not
meet their expectations, even if food is still safe to consume. Furthermore, inadequate storage
conditions during transportation and retail can exacerbate quality degradation, leading to
increased waste (2).

Improving packaging systems and developing strategies for monitoring food safety, quality,
and sustainability are essential in addressing the global challenge of food waste. The integration
of advanced technologies such as smart packaging allows for real-time monitoring of food
conditions, which can indicate freshness and detect spoilage (5). These innovations not only
ensure higher standards of hygiene but also contribute to sustainability efforts by optimizing
packaging materials and reducing waste (6). Despite the efforts on providing the effective
method and control on the existing food packaging, it is still a long way to go to reduce food
waste coming from microbial contamination during supply chain and storage (2). Prioritizing
these advancements will lead to reducing economic burden associated with food waste
significantly. Therefore, alternative and innovative food packaging methods are required to
protect food quality and extend the shelf life of food. In this review paper, we will review
innovative packaging systems, saffron and its bioactive compounds, extraction techniques,
specially nanoencapsulation and electrospinning. Finally, we will review the potential and
applications of electrospun saffron extracts loaded with nanofibers in the food industry.

2 Innovative Packaging Systems

In regard to innovative solutions for packaging material, there has been a big interest in recent
years. Two packaging systems, active packaging and smart packaging, have been effective in
maintaining food safety and quality. Active packaging means with adding additives, such as
antioxidants and antimicrobials sources to the packaging material. These additives will increase
the stability of foods, extending shelf life and maintaining food quality. On the other hand,
smart packaging is designed to detect environmental changes in the food. This type of
packaging will provide a response that can be readable for humans, such as a color change as
indicator for the quality and safety of the food (2).

One of the developments in this field is the use of natural sensors. These sensors will respond
to environmental changes such as temperature, pressure, gas concentrations, and pH levels to
monitor food quality. Adding these sensors to packaging will help achieve real-time monitoring
of food conditions, providing valuable information on freshness, quality and safety (7).

In recent years, there has been an increasing trend of using eco-friendly compounds instead of
synthetic material. Two examples can be chitosan nanofibers (CNFs) and methyl cellulose
(MC). CNFs are derived from chitin, a natural polymer found in the shells of crustaceans, and
MC is derived from cellulose, the most abundant natural polymer. Both are biodegradable and
have film-forming properties which makes them good candidates for sustainable packaging
systems (8).
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Making these natural components and adding them to food packaging will meet the growing
need for sustainability and provides innovative solutions for food quality monitoring. Natural
sensors are not just effective, but also environmental friendly and biodegradable (8).

3. Saffron

Saffron or “the red gold," is one of the most expensive spices in the world. It has been known
for over 4000 years and has been used in traditional medicine from a very long time ago. Saffron
is the dried red stigmas of the Crocus sativus L. flower which is beneficial and has various
applications in the food industry. It is mostly popular for its ability to color and flavor dishes
(9). Crocus sativus is shown in Figure 1. Saffron is also widely used in pharmaceuticals and
medicine and it is not mutagen or toxic, also it has high bioavailability within the human body.
These features make saffron an ideal spice for research associated with healthy food. Saffron
contains more than 150 ingredients such as vitamins, minerals, fats, sugars, and flavonoids,
carotenoids, terpenes, and anthocyanins (2). Among these ingredients, crocins, crocetin,
picrocrocin, and safranal are the most important bioactive compounds. Other compounds
include lycopene, a-carotene, B-carotene, zeaxanthin, kaempferol, and quercetin (10).

The color, aroma, and taste of saffron are because of crocin, crocetin, and picrocrocin,
respectively. Due to the fact that they are all presence in the stigma, research are mainly use
this part of the saffron flower. Crocins, especially a-crocin, are responsible for producing a
water-soluble golden-red color and have various applications in the food industry. They are
antioxidants and show health-beneficial effects. Crocetin and its derivatives, also provide the
red color and has a lot of application in medicine. Picrocrocin which is responsible for saffron's
bitter taste and aroma components, has shown anti-proliferative and anti-cancer properties.
Safranal, a main volatile ingredient in saffron, which consist almost up to 70% of all volatiles
is produced during the de-glycosylation of picrocrocin. It is primarily responsible for saffron’s
aroma and is formed during postharvest drying and storage. The chemical structures of the
bioactive components of saffron are shown in Figure 2. Generally, saffron's bioactive
components has health benefit properties through their antioxidant, anticancer, antidepressant,
insomnia- and anxiety-reducing, memory-enhancing, and antitumor effects (2).

Stigmas

Tepals n

Stamen

Leaves

Figure 1: Crocus sativus species

PROCEEDING BOOK Academy Global Publishing House | 11




AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

Y _ @
- SIS IV § o @«5:

o CHy

o/
x@ g H,C CH,Q

<) f JL
H
CH

3

Figure 2: The chemical structures of a) Crocin, b) picrocrocin and ¢) Safranal

4. Extraction Techniques

There are multiple extraction methods for extracting bioactive compounds from natural and
herbal substances. Choosing an appropriate way of extraction can extract 4 times more
bioactive. Some methods are not selective and can affect heat-sensitive compounds.
Conventional Methods include Soxhlet Extraction, Solvent Extraction and Hydro or Steam
Distillation. The Soxhlet Extraction method involves repeatedly washing dried plant matter
with a hot solvent. Although it is considered an effective method, it is slow, produces waste,
and often produces impure results. Solvent extraction is a basic technique that soaks crushed
plants in a liquid to dissolve the desired compounds. It is simple but can leave harmful residues.
Hydro or Steam Distillation uses heat and water to extract oils and other substances from plants.
It can be helpful but can damage bioactive compounds (10).

Novel methods for extraction of saffron bioactive include Emulsion Liquid Membrane,
Microwave-assisted extraction, Ultrasound-assisted extraction, High hydrostatic pressure
extraction, Supercritical fluid extraction, Enzyme-assisted extraction and Pulsed electric field
extraction. Emulsion Liquid Membrane is a promising technology for the efficient removal of
various contaminants, including organic and inorganic pollutants, from aqueous solutions. The
main advantages of ELM include rapid extraction, high efficiency and high selectivity.
However, ELM also have some challenges and disadvantages such as instability of the emulsion
during operation, which can lead to emulsion breakage and loss of efficiency. Microwave-
assisted extraction uses electromagnetic waves for heating and extracting the bioactive
materials. While it is cost-effective compared to traditional and simple, it is not suitable for
heat-sensitive bioactive compounds. Ultrasound-assisted extraction uses sound waves for the
extraction and it has a fast extraction rate, however, it will degrade some sensitive compounds
due to the generation of free radicals at high sonication powers. High hydrostatic pressure
extraction uses ultra-high hydraulic pressure and can lead to high yield and extract purity, but
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it has costly facilities and the maintenance of constant processing pressure is challenging.
Supercritical fluid extraction needs supercritical fluids, usually carbon dioxide (CO2) as the
solvent. Although it is time-consuming and eco-friendly, it is costly and complicated. Enzyme-
assisted extraction uses enzymes to break down the plant cell wall and assist the extraction
process. This method has an appropriate extraction rate and is effective. However, the high
price of enzymes and enzyme sensitivity issues can limit this method. Lastly, pulsed electric
field extraction uses transient electrical pulses and has high efficiency at a short extraction time.
But it requires specialized and expensive equipment (10).

4.1 Microencapsulation

Microencapsulation is a technique that offers several benefits for protecting and delivering
bioactive compounds. These benefits include preserving functionality, improving stability,
enhancing bioactivity, increasing bioavailability, and enabling controlled release and targeted
delivery of bioactive compounds. Different methods associated with saffron encapsulation
techniques have been used to protect crocin and other bioactive compounds. Although
successful results have been reported using encapsulation techniques for protecting and
extracting bioactive, multiple limitations such as the chemical properties of wall and core
materials meaning their stability and chemical reactivity should be taken into consideration
before choosing the right method (10).

There are 3 methods in microencapsulation that have been widely used in extraction which
include Spray Drying, Freeze Drying, and Extrusion. Spray Drying is a common method in
encapsulation and it is both simple and flexible. Studies that have been using spry drying for
saffron extracts indicated that anthocyanins are well-protected using f-glucan and -
cyclodextrin as wall material. Freeze Drying is also considered a successful method of
extraction which maintains the functionality of the bioactive. Using freeze drying on saffron
extract is reported to have a color stabilizing feature by several studies. Therefore, stabilizing
anthocyanin has the potential to be used in the food industry. Lastly, extrusion is an effective
method for saffron bioactive including crocin, safranal and picrocrocin by alginate and chitosan
polymers. It is reported that the efficacy and stability of saffron extract using this method have
been considered very successful (10).

4.2 Nanoencapsulation

Despite the fact that microcapsulation has been an effective technique, the bioavailability and
control-release profile of bioactives can be better controlled using nanotechnology. While
microcapsules have a diameter of 3-800 pm, nanoparticles with diameters of 10 to 1000 nm
have a better chance of being effectively encapsulated into the wall. This is because every
delivery to the encapsulation system is associated with particle size. As a result,
nanoencapsulation techniques are promising due to allowing a wide range of wall materials and
carriers to be used in the system. Also, it enhances the bioavailability, protection, more
precision targeting and improves the control release profile effectively (10 and 11).

Different methods are associated with nanoencapsulation techniques. We are reviewing
methods related to protecting the bioactivity of carotenoid (which is associated with saffron
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bioactive compounds) in this paper. These methods include nanoemulsions, nanodroplets,
nanoparticles, Nanostructured lipid dispersions, nanohydrogels and Electrospinning.

Nanoemulsions are an effective method for protecting saffron bioactive compounds due to the
multiple features of these nano-sized particles. Firstly, their small size can make them a stable
particle, also their hydrophobic feature makes them a good choice for carrying carotenoids.
Additionally, complex structures like protein-polysaccharides are used as polymers to increase
the stability of emulations. These features make it a good choice for encapsulation of saffron
bioactives. Encapsulating crocin in water-in-oil microemulsions by polyglycerol polyrecioleate
surfactant has been reported as a successful method. Nanodroplets are also thermostable and
effective methods for nanoencapsulation offering high bioavailability and solubility. In a study
(WPC)-pectin-maltodextrin complexes are a reported polymer for carrying bioactive
compounds of saffron.

Nanoparticles are the other effective delivery system for saffron extracts due to their
bioavailability and the potential to be selective in recognizing the right target. Also, their proper
controlled release profile within different environments is their superiority for being used as
nanocarriers. Studies have shown that using protein of functional food can be used as the
polymer material such as zein nanoparticles which are stable and have high nutritional value.
In addition, the interesting usage of nanoparticles is in cancer therapy. For example,
polyethylene glycol and selenium can carry crocin in drug delivery systems and have the ability
to target cancerous cells.

Nanostructured lipid dispersions are lyotrophic liquid crystalline structures. These structures
also have applications in cancer therapy and encapsulating crocin with nanostructured lipid
dispersions can enhance the antioxidant activity of crocin and be a candidate for drug delivery
systems against cancer. Also, safranal encapsulated with solid lipid nanoparticles can act as a
UV blocker and be used in the cosmetic industry.

Nanohydrogels can carry hydrophilic compounds and have the advantages of large surface and
high stability features. Studies show that crocin loaded with nanohydrogels is not only highly
stable in different conditions such as acidic and high temperatures, but also has a high
antioxidant activity which makes it useful for a wide range of applications (10).

4.2.1 Electrospinning

Electrospinning is a new technology to produce nanofibers. The typical diameter of electrospun
fibers is between 100 and 500 nm. Nanofibers is the term used to describe fibers with diameters
between 100 and 500 nm in textile and fiber science. The technological ease of use and
adaptability of the electrospinning process are the advantages of the method. A high voltage
electric source with either positive or negative polarity, a syringe pump with tubes or capillaries
to transfer the fluid from the pipette or syringe to the spinneret, and a conducting collector such
as aluminum make up the simple electrospinning setup. Depending on the specifications, the
collector might be shaped like a flat plate, revolving drum, etc. Electrospinning is also suitable
for encapsulation techniques (12). Encapsulation of saffron extract can be successfully
performed by this method. In Figure 3, a schematic picture of an electrospinning setup is seen.
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Figure 3: Schematic Picture of an Electrospinning Setup (12)

As seen from the picture, a high voltage electric field is used to spin the polymer solution inside
the syringe into nanofibers. While this structure travels from the syringe tip to the collector ,
the solvent will be evaporated, and nanofibers will be generated and collected on the collector.

5. Comparison Between the Effectiveness of Freeze Drying and Electrospinning
Technique For the Encapsulation of Saffron Extract

In a study, the freeze-drying and electrospinning techniques for the encapsulation of saffron
extract were evaluated and the study aimed to determine which method better maintains the
bioactive compounds of saffron at different temperatures. Results show that electrospinning
had higher encapsulation efficiency for crocin (76.3%), picrocrocin (86.0%), and safranal
(74.2%) compared to freeze drying (69.0%, 74.7%, and 65.8%), respectively. Also, electro-spun
fibers had higher melting and denaturation temperatures (78.3°C and 108.1°C) compared to
freeze-dried samples (65.4°C and 93.2°C). furthermore, electrospinning retained at least 96.2%
of crocin after 42 days at 35°C, while freeze drying retained 93.7%. Regarding half-life, the
half-life of crocin in electro-spun samples was significantly longer (138 days at 4°C) compared
to freeze-dried samples (77 days at 4°C) and non-encapsulated samples (22 days at 4°C). The
study concluded that electrospinning was a more effective technique than freeze drying in terms
of preserving saffron bioactive compounds, higher encapsulation efficiency, better thermal
properties, and greater storage stability (13).

6. Applications of Electrospun Saffron Extracts Loaded with Nanofibers in the Food
Industry

In this section studies related to the use of electrospun saffron extracts loaded with different
nanofibers and their application in food industry is reviewed. The summary of this review is
also available in Table 1. In a study, Crocus sativus L. extract and zein nanofibers were nano-
encapsulated using electrospinning. The study aimed to ensure the successful encapsulation of
the mixture using scanning calorimetry (DSC) and Fourier-transform infrared spectroscopy
(FTIR) measurements and to examine the antioxidant activity of zein nanofibers which are
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loaded with saffron extract with the help of ABTS assay. Finally, to evaluate whether nano-
loaded saffron and zein has the potential to use as a coating layer on fish fillets. The study found
that the encapsulation had high efficacy, also the antioxidant activity of the new combination
was significantly higher. In regard to the preservation of food, Peroxide Value (PV) of coated
fish fillets sample increases progressively in compared to uncoated samples. In addition, the
Free fatty acids value was lower after coating with saffron loaded with nanofiber indicating that
the coating reduced the rate of lipid hydrolysis, thus maintaining the freshness and quality of
the fish over the storage period. Also, pH value of coated sample was significantly lower in
comparison to the control sample. Therefore, keeping the pH lower will help prevent spoilage
and extend the shelf life of the fish. The results concluded that that the nanoencapsulation of
saffron using zein will enhance the antioxidant activity and lead to delayed the biochemical
deterioration of the see bass fillet during cold storage which indicate its promising potential to
be used as primary packaging material (14).

Also, in another study, bioactives of saffron including picrocrocin, safranal, and crocin were
encapsulated with zein structures using Electrospinning and electrospraying. The purpose of
the study was mainly evaluating the stability of the mixture not just thermostability, but also its
stability against UV light and pH levels. Nanofiber encapsulation was highly effective with a
retention value of 97% for picrocrocin, 88% for safranal, and 97% for crocin. In addition,
encapsulation has significantly improved the stability of crocin and safranal against UV
radiation. In regard to stability in different pH levels, non-encapsulated crocin degraded by 98%
after 15 hours at 75°C in acetic acid, however, encapsulated crocin degraded by only 67.23%.
the result shows that encapsulation with electrospun and electrosprayed zein structures
effectively stabilized the bioactive compounds of saffron and enhanced their photostability and
reduced their degradation under acidic and high-temperature conditions. This study also
highlights the potential application of saffron loaded with nanofiber with preserved bioactivity
to be used in the food industry (15).

In other study, the core-shell nanofibers were produced using Zein and Tragacanth and aqueous
saffron extract with coaxial encapsulation method. The study purposed to evaluate the stability
of saffron bioactive compounds and their release profile. The result showed that the
encapsulation efficiency ranged from 60.89% to 91.55% meaning the initial saffron extract that
successfully was encapsulated within the zein-tragacanth nanofibers. Also, the loading capacity
ranged from 3.57% to 9.52% that indicate how much saffron was loaded to nanofiber. The
release of saffron compounds was tested in saliva, hot water, gastric, and intestinal media.
Release values were 21.66% in saliva, 27.75% in hot water, 43.88% in gastric media, and
16.12% in intestinal media. This study concluded that these nanofibers can be used in food
industries, not just in packaging material but also in food materials such as chewing gum and
tea bags, providing a thermostable and efficient delivery system for saffron's bioactive
compounds (16).

Lastly, in another study, to enhance the oxidative stability of encapsulated echium oil, saffron
extract loaded with nanoliposomes were used. pullulan, polyvinylpyrrolidone, and other
polymers were used as polymer materials. Echium oil is a plant-based oil extracted from the
seeds of the Echium plant, specifically from species like Echium plantagineum and Echium
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vulgare. Echium oil is considered unstable due to its high content of polyunsaturated fatty acids
(PUFAS) that are prone to oxidation or high temperatures. As a result, not only an effective
nanoecpaulation was generated, but also the oxidation onset time and activation energies tests
were confirmed the enhanced stability. It can be concluded that increasing oxidative stability
will lead to an extension of the shelf life and higher functionality of echium oil in the food

industry (17).
Purpose of Study | Materials Used (Core Key Findings Potential Reference
and Wall) Applications
Ensuring the Crocus sativus L. extract | High encapsulation Coating for fish 14
successful and zein nanofibers efficacy, increased fillets to extend
encapsulation of antioxidant activity shelf life and
the mixture and maintain freshness
examining the
antioxidant activity
of nanofibers
Evaluating the Saffron bioactives High retention values Stabilizing saffron 15
stability of the (picrocrocin, safranal, (picrocrocin 97%, bioactives for use
mixture against crocin) and zein safranal 88%, crocin in food industry,
temperature, UV structures 97%), enhanced enhancing shelf life
light and pH levels photostability, reduced
degradation in acidic
and high-temperature
conditions
Evaluating the Zein and Tragacanth Encapsulation Use in food 16
stability of saffron | with aqueous saffron efficiency (60.89%- packaging,
bioactive extract 91.55%), loading chewing gum, tea
compounds and capacity (3.57%- bags for
their release profile 9.52%), release in thermostable and
different media (saliva | efficient delivery
21.66%, hot water
27.75%, gastric media
43.88%, intestinal
media 16.12%)
Examining Saffron extract loaded Enhanced oxidative Extending shelf life 17
oxidative stability | with nanoliposomes, stability, confirmed by | and functionality of
of encapsulated echium oil, pullulan, oxidation onset time echium oil in the
echium oil with polyvinylpyrrolidone and activation energy food industry
saffron extract tests
loaded with
nanoliposomes

Table 1. Studies related to the use of electrospun saffron extracts loaded with different nanofibers and their
application in the food industry

7. Conclusion

Electrospun saffron nanofibers are promising agents to be used in innovative solutions in the
food packaging industry to ensure food quality and safety. These innovations can effectively
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reduce the global issue of food waste and contamination. The unique properties of the saffron
extract with its antioxidant, and antimicrobial features coupled with the advanced technology
of using nano-sized compounds with special properties and electrospinning made an innovative
approach in the food industry. Electrospun saffron nanofibers as an effective, functional, stable
and bioavailable compound have the protentional to be used in active and smart packaging
material, extend the shelf life of food products, reduce spoilage, and provide monitoring of food
freshness. Additionally, the use of natural, biodegradable polymers in these nanofibers meets
the demand for producing sustainable and eco-friendly packaging systems.

To fully realize the potential of electrospun saffron nanofibers, future research should focus on
optimizing production processes, scaling up for industrial applications, and testing the long-
term stability and efficacy of these materials in real practice. Regulatory approval and
adherence to standards will be important to ensure the safety and acceptance of nanomaterials
in food packaging. The economic benefits, such as cost savings from reduced food waste and
exploring new markets for sustainable packaging, show the huge impact of this innovation.

Collaboration among scientists, engineers, industry experts, and policymakers is essential to
bring these innovations to market and revolutionize food preservation techniques.

In the future, the applications of electrospun saffron nanofibers are not limited to the food
industry. They have potential for use in pharmaceuticals, cosmetics, and textiles, paving the
way for a wide range of innovative products. The future will indeed be bright with the continued
efforts of researchers and industry players to bring these technologies to industrial usage.
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ARDISIK ILERI YONDE KAYAN SECIM YONTEMININ FARKLI
ALGORITMALARI iLE OSMANIYE ILi GUNES RADYASYONU TAHMIN
PARAMETRELERININ SECILMESi VE MODERN MAKINE OGRENIMi
MODELLERI iLE YAPILAN TAHMINLERIN KARSILASTIRILMASI
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OZET
Bu caligmada, Tiirkiye’nin giineyinde giines radyasyonu agisinda potansiyeli yiiksek bir yer

olan Osmaniye ilinin giines radyasyonu tahmini gerceklestirilmistir. Calismada Nasa-Power
platformundan alinan giines radyasyonu, riizgar hizi, basing, nem, yagis, hava agikligi indeksi,
sicaklik, maximum sicaklik, minimum sicaklik, ¢iglenme noktasi parametreleri kullanilmigtir.
Once Osmaniye ili verileri iizerinde ardisik ileri yonde kayan se¢im metodu Random Forest ve
lineer regresyon algoritmalart ile uygulanmis ve modern makine Ogrenmelerine giris
parametresi olarak verilecek ozellikler elde edilmistir. Ardisik ileri Yonde Kayan Secim
yonteminin farkli algoritmalari ile bulunan 6zellikler giris parametreleri olarak Osmaniye ilinin
giines radyasyonu tahmin isleminde kullanilmistir. Giris parametrelerini kullanan tahminci
modeller tahmin islemini gerceklestirmis ve elde ettigi sonuglar karsilagtirmali olarak analiz
edilmistir. Karsilagtirma metrikleri olarak RMSE, MAE ve R2 kullanilmistir. Makine
o0grenmesi yontemlerinden XGBOOST, LIGHTGBM ve Uzun Kisa Siireli Bellek(LSTM)
algoritmalar1 bu ¢alismada kullanilmistir. Calisma kapsaminda en basarili sonucu ardisik ileri
yonde kayan se¢im Random Forest algoritmasini kullanan LSTM makine 6grenimi metodu

vermistir.

Anahtar Kelimeler: XGBOOST, LIGHTGBM, LSTM, Ozellik Secimi, Giines Radyasyonu

Tahmini
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1. GIRIS

Gilintimiizde en ¢ok kullanilan enerji formu olan elektrik, yenilenemez veya yenilenebilir enerji
kaynaklarmin kullanimi ile ikincil bir enerji olarak iiretilmektedir [1]. Elektrik tiretiminde son
yillarda yenilenebilir enerjinin payimin arttig1 goriilmektedir. Giines, riizgar, yagmur, dalgalar
ve jeotermal enerji gibi kaynaklar yenilenebilir enerji kaynaklar1 olarak ifade edilebilir. Bu
kaynaklar igerisinde giines ve riizgar enerjisinden hizli bir sekilde elektrik elde edilebilir [2].
Giines enerjisi, giines radyasyonunu dogrudan elektrik enerjisine doniistiiren, yar1 iletkenlerden
olusan ve enerjiyi pillerde depolayabilen PV hiicreleri aracilig ile iiretilebilir [3].

Uzak olmayan bir zaman dilimi igerisinde elektrik iiretiminde yogun olarak kullanilan fosil
yakit kaynaklarinin yerini yenilenebilir enerji tiirii olan gilines enerjisinin alma imkant
bulunmaktadir. Mevcut durumda giines enerjisinin global elektrik tiretimindeki pay1 %3,6 ile
istenilen diizeyde olmasa da, 2022 verilerine gore toplam kurulu yenilenebilir enerji kapasitesi
icerisindeki pay1 %31°dir. Bu verilerle yenilenebilir enerji teknolojileri i¢erisindeki 6nemini
saglam bir sekilde kanitlamistir. 2022 yilinda yenilenebilir enerjisi kurulu giicii verilerine gore
1392 GW ile hidroelektrikten sonra en ¢ok kurulu yenilenebilir enerji teknolojisi durumuna
1053 GW kurulu giice ulasan giines enerjisi gelmistir [4-5].

Glines enerjisi kisa bir siire i¢inde hizla degisebilen iklim sartlarina baglidir. Bu nedenle, giines
enerjisinin kesikli dogasi nedeniyle, mevcut sebeke sistemleriyle entegre edilmesi ve gii¢
sebekelerinin sistematik isleyisi i¢in hassas giines radyasyonu tahmini gereklidir [6]. Giines
radyasyonu tahmin probleminin ¢dziimii farkli cografi ve meteorolojik faktorleri dikkate almay1
iceren bir durumdur. Iklim ve atmosfer sartlarinin siirekli degisimi ¢oziimii zorlastirmasina
ragmen, glines radyasyonunun yliksek dogrulukla tahminini gergeklestirmek i¢in farkli zaman
araliklarinda (saatlik, gilinliik ve aylik) meteorolojik verileri iceren tahminci modeller
tretilmistir [7]. Son yillarda makine 6grenimi yontemleri de giines radyasyonu tahminlerinde
siklikla kullanilmaya baglanmistir. Yapay zekanin bir dali olan makine 6grenme yoOntemi,
kendisine verilen veri seti igerisindeki giris ve ¢ikis verileri arasinda dogrusal olmayan bir
oriintii bulmaya calisarak 6grenme islemini gerceklestirebilir [8]. Tahmin modeli sadece giines
radyasyonu verisi veya hem giines radyasyonu verisi hem de tahmini en fazla etkileyen
meteorolojik parametreler kullanilarak olusturulabilir. Giines radyasyonu tahmini ile ilgili
literatiire bakildiginda arastirmacilarin yeni modeller gelistirmeye ve tahmin dogrulugunu
arttirmak i¢in farkli tahmin algoritmalarimi birlestirmeye calistiklarini ve genellikle gegmis
giines radyasyonu gozlemlerini girdi olarak kullandiklarin1 gérmekteyiz [9].

Tahmin modelleri ¢ogunlukla veriler arasinda iyi bir oriintli olusturmak i¢in ¢ok sayida girdi
degiskeni(ozellik) kullanir fakat tahmin veya analiz islemi bu durumda ilgisiz
degiskenler(dzellik) nedeniyle dogru sonuglardan uzaklasabilir. Ilgisiz 6zellikler, bagimli ve
bagimsiz Ozellikler arasindaki iligkinin tespit edilmesini engelleme, tahmin dogruluk
performansini diigiirme, hesaplama siiresini artirma, yetersiz veya asirt uyum gosterme gibi
problemler cikarabilir. Ozellik seciminde yukarida bahsedilen problemler nedeni ile tahminle
ilgili dogru 6zelliklerin segildiginden emin olmak zorunludur [10]. Guyon ve arkadaglar 6zellik
secimi yontemlerini filtre yontemleri, sarmalayici yontemler ve gdmiilii yontemler olmak tizere
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tic gruba aymrmustir. Filtre yontemlerinde 6zellikler tespit edilen korelasyon esaslarina gore
secilirken, sarmalayict yontemler tahmin performanslarina gore ozelliklerin optimum alt
kiimesini bulmay1 hedefler. Gomiilii yontemlerde ise 6grenme makineleri aracilifi ile 6zellik
secimini gergeklestirmektedir [11].

Bu calismada, Osmaniye ilinin ge¢cmis donem giines radyasyonu tahmini gerceklestirilirken,
Nasa-Power[12] platformundan alinan veriler iizerinde sarmalayict yontemler grubunda
bulunan ardigik ileri yonde kayan se¢im metodu, Random Forest ve lineer regresyon
algoritmalar1 ile uygulanarak modern makine dgrenmelerine girig parametresi olarak verilecek
ozellikler elde edilmistir. Giris parametrelerini kullanan XGBOOST, LIGHTGBM ve Uzun
Kisa Siireli Bellek(LSTM) tahminci modelleri tahmin islemini gerceklestirmis ve elde ettigi
sonuclar RMSE, MAE ve R2 karsilastirma metrikleri ile analiz edilmistir.

2. DENEYSEL CALISMALAR
2.1. Arastirma Sahasi

Bu calismada, arastirma sahasi olarak Tiirkiye’nin giineyinde gilines radyasyonu agisinda
potansiyeli yiiksek bir yer olan Osmaniye ili se¢ilmistir. Verilerin alindig1 lokasyon olarakta il
merkezindeki Osmaniye Korkut Ata Universitesi lokasyonu se¢ilmistir. Osmaniye’nin konumu
gorsel 1 ve gorsel 2 de gosterilmektedir.

KIRRKITARFY |

FPORA I TANELS

Gorsel 1. Global Radyasyon Dagilimi[13]
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Gorsel 2. Verilerin alindig1 lokasyonlar[12]

2.2. Veri Seti

Veri seti, Nasa-Power[12] platformundan gorsel 2 de belirtilen lokasyona ait 01/06/2018-
01/06/2024 tarihleri arasindaki giines radyasyonu(W/m?2), riizgar hizi(2 metredeki hiz — m/s),
sicaklik (°C ), yagis (mm/giin ), nem ( 2 metrede yiizde cinsinden), basing ( kPa ), rlizgar hizi
(10 metredeki hiz — m/s), hava agikligi indeksi, ¢iglenme noktasi( °C ), maximum sicaklik (°C),
minimum sicaklik( °C ) meteorolojik verilerinin giinliikk ortalama degerleri segilerek
olusturulmustur. Veri setinde index dahil toplam 12 siitun, 2193 satir veri mevcuttur. Eksik veri
bulunmamaktadir. Veriler lizerinde 10 giinliik hareketli ortalama uygulanarak verilerdeki
giiriltii giderilmistir.

2.3. Ozellik Se¢imi

Tahmin dogrulugunu arttirmak i¢in veri setinde giines radyasyonu ile iligkili 6zellikler tespit
edilip iliskisiz dzellikler gikarilmistir. Ozellik seciminde sarmalayici yontemlerden ardisik ileri
yonde kayan secim(AIYKS) metodu kullanilmistir. AIYKS, ileriye dogru aggdzlii bir aramayla
baglar. Performans degerine gore bir 6zelligi seger. Alt kiimede toplanan 6zellikler ikiden fazla
oldugunda secilen her bir yeni 6zellik i¢in geri yonde eleme islemi gergeklestirilir. Eleme
islemlerinde performans degerlerine gore iliskisiz 6zellikler atilir. Bu durum secilen 6zellik
performans degerini gelistirmeyene kadar devam eder. Alt kiimenin performansi segilen kriter
tarafindan belirlenir. Korelasyon islemlerinde perfromans kriteri en yiiksek degerdir, hata orani
islemlerinde perfromans kriteri en diisiik degerdir [14].

Bu ¢aligmada AIYKS algoritmas1 Random Forest Regresyonu(RF) ve Lineer Regresyon(LR)
algoritmasi ile calistirilmistir. Cizelge 1’de AIYKS-RF secimi gériilmektedir. AIYKS-RF
secimine gore en yliksek performans degerini gosteren 6. siitundaki 6zellikler secilmistir.
Cizelge 2’de AIYKS-LR secimi goriilmektedir. AIYKS-LR secimine gore en yiiksek
performans degerini gosteren 7. siitundaki 6zellikler secilmistir.
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Cizelge 1. AIYKS-RF oznitelik se¢im tablosu

index feature_idx avg_score feature_names
113 0.9060725063113948 | CIGLENME NOKTASI
2136 0.9512339479019246 | CIGLENME NOKTASI,NEM
HAVA ACIKLIGI INDEKSI,CIGLENME
310,36 0.9696007828570739 | \ T ASILNEM
HAVA ACIKLIGI INDEKSI,CIGLENME
410,356 0.9727266046660272 | \ )7 ASLMIN SICAKLIK.NEM
HAVA ACIKLIGI INDEKSI,SICAKLIK,CIGLENME
5(02358 0.9775124026891264 NOKTASI,MIN SICAKLIK,BASINC
HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
6(0,1,2,3,5,8 0.9775885024980944 | 2m,SICAKLIK,CIGLENME NOKTASI,MIN
SICAKLIK,BASINC
HAVA ACIKLIGI INDEKSI,SICAKLIK,CIGLENME
710,234,589 0.9773133856914316 | NOKTASI,MAX SICAKLIK ,MIN
SICAKLIK,BASINC,RUZGAR HIZI 10m
HAVA ACIKLIGI jNDEKsi,RUZGAR HIZI
801234589 0.977046589750187 | 2M-SICAKLIK,CIGLENME NOKTASLMAX

SICAKLIK,MIN SICAKLIK,BASINC,RUZGAR HIZI
10m

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
2m,SICAKLIK,CIGLENME NOKTASI,MAX
SICAKLIK,MIN SICAKLIK,NEM,BASINC,RUZGAR
H1ZI 10m

910,1,2345,6,89 | 0.9764582220717347

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
2m,SICAKLIK,CIGLENME NOKTASI,MAX
SICAKLIK,MIN
SICAKLIK,NEM,YAGIS,BASINC,RUZGAR HIZI 10m

1010,1,2,3,4,5,6,7,8,9 | 0.9758546319210317

Cizelge 2. AIYKS-LR o6znitelik secim tablosu

index feature_idx avg_score feature_names
113 0.9352325846069351 | CIGLENME NOKTASI
2138 0.9512741892259745 | CIGLENME NOKTASI,BASINC
31358 0.9628492509609069 | CIGLENME NOKTASI,MIN SICAKLIK,BASINC
HAVA ACIKLIGI INDEKSI,SICAKLIK,CIGLENME
410,238 0.9825455839814637 NOKTASLBASING
501238 0.9837308264539135 HAVA ACIKLIGI INDEKSI,LRUZGAR HIZI

2m,SICAKLIK,CIGLENME NOKTASI,BASINC

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI

6(0,1,2,3,78 0.9843589616899383 | 2m,SICAKLIK,CIGLENME

NOKTASI, YAGIS,BASINC

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
7101,2,3,7,8,9 0.9847060504856339 | 2m,SICAKLIK,CIGLENME

NOKTASLYAGIS,BASINC,RUZGAR HIZI 10m
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index feature_idx avg_score feature_names

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
8(0,1,2,3,57,89 0.9846339854543593 | 2m,SICAKLIK,CIGLENME NOKTASI,MIN
SICAKLIK,YAGIS,BASINC,RUZGAR HIZI 10m

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
910,1,2,356,7,89 |0.9843854092843124 | 2m,SICAKLIK,CIGLENME NOKTASILMIN
SICAKLIK,NEM,YAGIS,BASINC,RUZGAR HIZI 10m

HAVA ACIKLIGI INDEKSI,RUZGAR HIZI
2m,SICAKLIK,CIGLENME NOKTASIL,MAX
SICAKLIK,MIN
SICAKLIK,NEM,YAGIS,BASINC,RUZGAR HIZI 10m

1010,1,2,3,4,5,6,7,8,9 | 0.9840513917779447

2.4. XGBOOST

XGBOOST, 2016 yilinda Chen ve Guestrin [15] tarafindan 6nerilen karar agaclari tabanli bir
makine 6grenimidir. Regresyon dogrulugunda yiiksek performans gdsteren ve arastirmacilar
tarafindan yogun olarak kullanilan bir regresyon algoritmasidir. En uygun bellek kullanima,
paralel hesaplama ve verilerin verimli iglenmesi avantajlart ile dogrusal modellerden daha
basarili tahminler gergeklestirir ancak dogrusal modellerin agiklanabilirlik 6zelliginden
yoksundur [16]. Calismada kullanilan XGBOOST algoritmasinda parametre ayari
yapilmamastir.

XGBOOST algoritmas1 bir problem ¢6ziimiinii asagidaki islem adimlarini uygulayarak
gerceklestirir.
e Bir karar agaci olustur ve her 6rnek i¢in dngoriilen degerleri baglat
Kay1p fonksiyonunu tanimla
Her 6ngoriilen deger icin kayip fonksiyonunun tiirevini hesapla
Tiirev bilgilerine dayal1 yeni bir karar agact olustur
Yeni karar agacini 6rnegi tahmin etmek ve orijinal degerlere toplamak i¢in kullan
En yiiksek dogruluga ulasana kadar karar agacinin olusturulmasini tekrarla [16]

2.5. LIGHTGBM

LightGBM, histogram tabanli algoritmay1 kullanarak islemleri gerceklestirir. Histogram tabanl
algoritma stirekli verileri ayristirmakta ve ayristirilan degerleri saymaktadir. Bu islemin
devaminda, histogramin ayristirilan degerler igerisinde en uygun bdlme noktasi bulunur.
Karar agaglart normalde zayif bir siniflandiricidir. Bu yiizden bolme noktasinin konumu 6nemli
degildir. Karar agact algoritmasini kullanan algoritmalarin aksine LightGBM derinlikle
sinirlandirilmis yaprak bazli boliinme stratejisi kullanir. Bu strateji, mevcut tiim yapraklar
arasinda en biiylik boliinme kazanimina sahip yapragi bulur ve boéler [17]. Yaprak odakli
boliinme ve histogram tabanli algoritma sayesinde diger modellerden daha hizli olmasini
saglamaktadir. Kullandig1 EFB algoritmast ile islem hacmi dikkate deger sekilde diismektedir
[18-19]. Calismada kullanilan LIGHTGBM algoritmasinda parametre ayari yapilmamistir.
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2.6. Uzun Kisa Siireli Bellek(LSTM)

Uzun kisa stireli bellek, tekrarlayan sinir aginin(RNN) bir tiiriidiir. RNN’lerde ¢6ziim
getirilemeyen uzun vadeli bagimlilik problemlerini ve gradyan kaybolma problemlerini
gidermek i¢in gelistirilmistir. LSTM’nin hiicre durumu ve kapi yapisi bu problemlerin
¢Ozlimiine yonelik olarak tasarlanmistir. Hiicre durumlari bilgi iletebilir ve kisa siireli bellegin
etkilerinin listesinden gelebilir. LSTM nin {i¢ tlir kaps1 vardir: giris, unutma ve ¢ikis kapilari,
hepsinin kendine 6zgii gérevleri vardir [20].

LSTM tahmin algoritmasinin Osmaniye ili uygulamasinda modelin yapisinda bir girdi katmani
bulunmakta, 128 ndrondan olusan bir adet gizli katmani bulunmaktadir. Aktivasyon fonksiyonu
olarak tiim katmanlarda relu secilmistir. Cikt1 katmani olarak 1 nérondan olusan dense katmani
bulunmaktadir. Kayip fonksiyon olarak MSE performans ol¢iitii sec¢ilmistir. ADAM
optimizasyon algoritmasi se¢ildi ve modelin 6grenme siirecinde epoch sayis1 200 ve y18in sayisi
32 olarak uygulanmistir. Tahmin i¢in geriye bakma veri sayisi 10 secilip, sonucunda 1 deger
tahmin etmistir.

3. SONUCLAR VE DEGERLENDIRME

Bu calismada giines radyasyonu tahminini gerceklestirmek i¢in arastirma sahasi olarak
Tiirkiye’nin gilineyinde yer alan Osmaniye ili se¢ilmistir. Verilerin alindigi lokasyon il
merkezindeki Osmaniye Korkut Ata Universitesi Karacaoglan yerleskesidir. Osmaniye ili igin
Nasa-Power platformundan 01/06/2018-01/06/2024 tarihleri arasini kapsayan meteorolojik
veriler alinmistir. Meteorolojik veriler giinliik ortalama degerleri igermektedir. Osmaniye ili
veri seti calismada belirtilen 6zellik se¢cim yontemlerine tabi tutularak glines radyasyonu ile
iligkili 6zellikler tespit edilmistir. Elde edilen 6znitelikler XGBOOST, LIGHGBM ve LSTM
algoritmalarina giris parametresi olarak verilmistir. VVeri seti max-min skalasina tabi tutulmus
ve % 80 egitim, %20 test verisi olmak iizere ikiye boliinmiistiir. Tahmin islemi sonucunda elde
edilen sonuglar ters min-max doniisiimiine tabi tutularak test degerleri ile karsilastirilmistir.
Deney sonucunda ¢izelge 3’deki performans degerleri elde edilmistir. Performans ol¢iim
sonuclarinda RMSE ve MAE i¢in degerlerin sifira yakinligina, R2 i¢in ise bire yakinligina
dikkat edilmelidir. Calisma Google Colab platformunda gerceklestirilmis ve Python yazilim
dili kullanilmastir.

Cizelge 2. Giines radyasyonu tahmini performans degerleri

OSMANIYE
XGBOOST LIGHTGBM LSTM
RMSE 7,148 7,039 6,541
AIYKS- | MAE 5,447 5,419 4,991
RF R2 0,950 0,951 0,959
RMSE 7,788 7,782 8,163
AIYKS- | MAE 5,662 5,684 6,244
LR R2 0,941 0,940 0,936
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Osmaniye ilinin AIYKS-RF-LSTM ile Giinliik Giines Radyasyon Tahmini
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Gorsel 3. Osmaniye ili ATYKS-RF-LSTM tahmin grafigi
Osmaniye ilinin AIYKS-RF-LSTM ile Giinliik Giines Radyasyon Tahmini
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Gérsel 4. Osmaniye ili ATYKS-RF-LSTM tam veri ve tahmin grafigi

Osmaniye ilinde en basarili sonucu AIYKS-RF-LSTM tahmin algoritmas: elde etmistir.
AIYKS-RF-LSTM algoritmast ikinci olan AIYKS-RF-LIGHTGBM degerlerine gére RMSE
degerinde %7,07, MAE degerinde %7,90 ve R2 degerinde %0,8 iyilestirme saglamistir.
AIYKS-RF-LIGHTGBM algoritmas: deneyde ikinci en iyi sonuglart vermistir. ATYKS-RF-
XGBOOST algoritmasi tahmin deneylerinde {igiincii olmustur. AITYKS-LR 6zellik se¢imi ise
tiim tahmin modellerinde en kotii sonucu elde etmistir. ATYKS-LR 6zellik segimi ile yapilan
deneylerde en basarili sonucu XGBOOST algoritmasi elde etmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Veri setinde hedef 6zellik giines radyasyonu secilerek diger 6zelliklerin giines radyasyonu ile
iligkileri arastirilmig ve iligkili 6zellikler segilerek veri seti boyutu diistiriilmiistiir. Calismada
kullanilan AIYKS-RF 6zellik se¢imi ile alt1 6zellik, AITYKS-LR ile yedi &zellik segilmistir.
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AIYKS-RF tiim tahmin algoritmalarinda AIYKS-LR’den daha iistiin sonuglar elde etmistir.
Osmaniye ili giines radyasyonu tahmin ¢alismasinda en basarili sonucu AIYKS-RF-LSTM
tahmin algoritmas1 elde etmistir. AIYKS-RF-LIGHTGM ikinci, AIYKS-RF-XGBOOST
ticlincii olmustur. Bundan sonraki caligmalarda daha hassas gilines radyasyonu tahminleri
gergeklestirmek icin saatlik veriler kullanilmasi diisiiniilmektedir. Ayrica gegmis donem yerine
gelecek donem tahmin galismalar1 yapilmasi hedeflenmektedir.
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ABSTRACT

Searching for a specific transaction on a blockchain is vital for multiple reasons. It facilitates
the verification of transaction authenticity and completion. Also, for businesses and financial
institutions, transaction searches are indispensable for auditing, fraud detection, and ensuring
compliance. Recently, blockchain technology has garnered attention as a potential solution to
these issues. Despite the increasing interest in blockchain technology and decentralized
applications, finding a specific transaction within blockchain is still lacking reliable and
efficient approaches. This paper offers an overview of the latest research in finding transactions
in blockchain. It provides a background on blockchain technology and an evaluation of the
current transaction searching techniques. In our study, we evaluated three prominent
approaches on Sawtooth platform and compared their results. Our test results show that the time
for finding a transaction using database search outperforms the linear searching and the
Sawtooth searching approaches. However, database search operations rely on supplementary
resources operating in parallel with the blockchain. Furthermore, this approach necessitates an
additional system for the verification of queried transactions. The paper discusses the findings
of transaction searching approaches, highlights the limitations within the current system, and
gives recommendations for future enhancements to address the existing challenges of searching
within blockchain.

Keywords: Blockchain, Transaction Search, Sawtooth
1. INTRODUCTION

Today, there is a widespread desire to utilize blockchain into various systems due to its
appealing features, including integrity verification, transparency, and security. The emergence
of blockchain technology, primarily associated with cryptocurrencies, has brought significant
advancements in decentralized computing [1]. Characterized by cryptographic primitives and a
peer-to-peer distributed network, blockchain facilitates the exchange of data and funds, and
transaction recording without external coordination. While blockchain has found applications
across various sectors such as healthcare [2-3], government [4-5], and supply chain
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management [6-7], transaction searching within blockchain networks remains an area of
interest.

Storing extensive information in the blockchain offers benefits, as previously mentioned.
However, the challenge lies in efficiently searching for specific data within the blockchain
because as the blockchain grows, locating specific transactions within it becomes increasingly
challenging and requires effort.

The ability to search for specific transactions is fundamental to the integrity and utility of
blockchain technology. By locating and verifying transactions, users, businesses, and
government agencies can ensure the authenticity and completion of financial activities. This
capability is also essential for auditing, fraud prevention, and compliance. Moreover, law
enforcement can leverage blockchain data to investigate financial crimes effectively. The
transparency and immutability inherent in blockchain, made possible through transaction search
functionality, foster trust, and confidence in the system.

The traditional linear search approach is inefficient due to its time complexity, particularly as
the blockchain expands. Consequently, researchers have proposed various methods to retrieve
transactions from the blockchain. Tang et al. [8] classified the transaction searching approaches
in the literature into three categories: employing identifiers, relational databases, and
authenticated index structures. These offered approaches often prove less than optimal in this
regard, and the field itself still lacks thorough exploration and study.

In this paper, we undertake a comparative study of these general techniques for transaction
retrieval within the blockchain. Our analysis evaluates their performance based on the time
required for transaction retrieval and the computational resources required. We believe that this
examination will assist researchers in selecting the most suitable approach based on transaction
volume and resource constraints.

The rest of the paper is structured as follows: an overview of the existing literature is given in
section 2. The background, including fundamentals of the blockchain, Blockchain Sawtooth
and the transaction searching approaches in blockchain are presented in Section 3. Section 4
discusses the experiments setup, and then the experiments results are covered in Section 5.
Section 6 provides a discussion of the experiments, and the next section concludes the paper
with future directions.

2. LITERATURE REVIEW

The rapidly evolving field of blockchain technology has catalyzed substantial research aimed
at improving data privacy, search efficiency, and overall usability. This literature review
provides a comprehensive analysis of the advancements in blockchain search mechanisms.

Tahir et al. [9] and Hu et al. [10] both introduced novel frameworks aiming to enhance data
privacy and search efficiency within blockchain networks, with Tahir et al. focusing on a
permissioned and distributed ledger using Hyperledger Fabric, while Hu et al. employed a
private blockchain. Both frameworks utilize traditional Searchable Encryption techniques and
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trapdoors to bolster search security, although lacking comprehensive evaluation. Jiang et al.
[11] discussed cooperative search schemes for blockchain-based data markets, emphasizing
keyword-based queries and cost-sharing strategies, while Cai et al. [12] presented a dynamic-
efficient scheme optimizing file and index locality for encrypted keyword searches on
decentralized platforms. Zhang et al. [13] proposed an innovative authenticated keyword search
scheme tailored for a hybrid-storage blockchain system, highlighting its exceptional query
performance and cost-saving benefits. In a related effort, Morishima et al. [14] addressed the
resource strain on full nodes with their GPU-accelerated Blockchain search method. They
achieved significantly improved throughput compared to CPU-based methods by leveraging an
optimized Patricia tree structure in their approach.

Peng et al. [15] introduced the Verifiable Query Layer (VQL), a pivotal middleware that
optimizes data query efficiency and authenticity within blockchain frameworks. VQL organizes
blockchain transactions into databases, ensuring integrity through cryptographic hash values
verified by miners and securely stored in the blockchain. Xie et al. [16] addressed privacy
concerns among lightweight Bitcoin clients by pioneering a Private Information Retrieval (PIR)
method. This technique enables confidential transaction retrieval from untrusted full nodes
without compromising sensitive details, thereby marking a substantial leap forward in user
privacy.

Pratama and Mutijarsa [17] tackled usability challenges by proposing enhanced query
functionalities aimed at streamlining access to blockchain data, despite benchmarking revealing
slightly lower throughput compared to Ethereum for data retrieval. Muzammal et al. [18]
introduced ChainSQL, a groundbreaking fusion of blockchain's tamper-resistant properties with
the efficiency of distributed databases. Their solution offers a tamper-resistant multi-active
database, fortified with data-level disaster recovery and audit middleware. Experimental
validation underscores its robustness and potential applications in finance and supply chain
sectors.

Lastly, Zhu et al. [19] introduced SEBDB, an innovative blockchain database solution designed
to surmount usability and scalability hurdles. SEBDB integrates relational data semantics into
blockchain transactions and employs a SQL-like interface to optimize application development.
Supported by a comprehensive benchmark, SEBDB demonstrates remarkable effectiveness and
efficiency, promising advancements in blockchain application development and deployment
scenarios. SEBDB innovates by adding relational semantics, utilizing SQL-like language,
redefining operations for blockchain compatibility, and proposing a benchmark for evaluating
blockchain databases. Conversely, Peng et al. [20] introduced FalconDB, a shared database
system targeting efficient and secure collaboration among entities over a shared database,
utilizing blockchain for authentication and consensus, ensuring high efficiency, low storage
costs, and enhanced security through its architecture leveraging blockchain-level security
guarantees and ADS data storage.

3. BACKGROUND

3.1 Introduction to Blockchain
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Blockchain technology consists of a chain of data blocks stored in a decentralized database,
creating a secure and transparent system for data sharing, and making transactions. It enables
direct interaction between users and eliminates the need for intermediaries. The technology has
gained widespread attention in the IT industry and is now implemented in various real-world
applications.

Blockchain offers several advantages; it ensures secure and direct transactions between parties,
reducing the risk of fraud. Additionally, users have access and control over their data and
transactions, and the information stored on the blockchain is tamper-proof, ensuring
accessibility, availability, and accuracy. The technology verifies data integrity, eliminating the
need for trusted third parties. Transactions recorded on the blockchain are permanent and cannot
be altered or deleted, providing transparency and reliability. Blockchain also accelerates
transaction speeds, particularly within the banking sector, while simultaneously reducing costs
through the elimination of intermediaries [21].

The transaction is - .
The block is \ g

represented as a block
A node raises a
transaction request / @
node

The block is validated
@ &= @ = @ c",@ by all network nodes

A new block is added to
the blockchain

broadcasted to all
network nodes

=
=

Figure 1. Blockchain construction

In a blockchain network, illustrated in Figure 1, transactions originate when individuals create
and send them. These transactions undergo meticulous review and are subsequently stored in
blocks by network nodes. Each block is distinguished by a unique hash that links it to the
preceding block, forming a chain of blocks. Once a block is generated, it is distributed to all
nodes within the network, where consensus must validate it before it can be added to each node's
copy of the blockchain. This consensus mechanism is essential for ensuring the integrity and
security of the blockchain, necessitating that all nodes authenticate and verify transactions.

Furthermore, nodes within the network actively participate in mining—a competitive process
aimed at adding new blocks to the blockchain. Mining entails solving intricate mathematical
puzzles, with the first successful miner earning the privilege to create the next block. With the
addition of each new block, the blockchain's security framework strengthens, heightening the
difficulty of any attempt to alter its contents. Any alteration to the blockchain would require
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modification of all subsequent blocks, thereby reinforcing its immutable nature and preserving
its integrity. This robust security architecture firmly establishes the blockchain as an optimal
platform for executing transactions securely and transparently.

3.2 Introduction to Sawtooth Blockchain

Sawtooth Blockchain is a framework designed for enterprise applications, supporting multiple
programming languages, and providing some features such as privacy, security, and scalability.

Within the Sawtooth Blockchain network, each node comprises five components, and these
nodes collectively form the Sawtooth network. These essential components are the validator
operating on TCP port 4004, and one or more transaction processors responsible for handling
transactions received from the validator. There is also a client component that initiates
transactions and sends them through the Rest APl on TCP port 8008 for processing by the
validator. The Sawtooth node incorporates a consensus engine, it employs a consensus
algorithm that determines which node is authorized to publish new blocks within the
blockchain.

Sawtooth Blockchain operates as a decentralized network of these nodes, all of which run
identical transaction processors and maintain a consistent copy of the blockchain ledger.
Sawtooth stands out for supporting multiple languages for transaction processors, including
Python, Rust, JavaScript, C/C++, Java, Go, and .Net. The client, on the other hand, can be
developed in different languages, and they are not required to match the language used for
transaction processors.

In the context of Sawtooth applications, transactions follow a lifecycle from initiation by the
client to processing by the validator and transaction processor before being published in the
blockchain. Sawtooth introduces the concept of a transaction family, encompassing transaction
creation by submitting it by the client, data model (state), and business logic, which is the
transaction processor that accepts transactions and processes them.

Client TCP Rest AP er
) a
" Validator - Transaction
- TCP Processors

Consensus Engine

Figure 2. A Sawtooth node

In the Sawtooth transaction lifecycle, illustrated in Figure 2, a client initiates a transaction by
submitting it to the validator. The transaction is then propagated throughout the entire validator
network, where the validator conducts the necessary processes. Following this, a sawtooth node
in the network is elected as the leader, and it publishes a candidate block. The candidate block
is then propagated across the Sawtooth network. Validators validate the candidate block;

PROCEEDING BOOK Academy Global Publishing House | 35




| LONFER;
o Ay
& &

-
o,
=
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

— Y

transaction processors validate and execute each individual transaction contained within the
candidate block. Once validated, the validators place the verified block on their blockchain and
update the overall state.

3.3 Transaction Searching Approaches

There are a few available ways of searching for a transaction on the blockchain. Some
blockchain platforms offer search functions that can be utilized, including Sawtooth.
Alternatively, one can retrieve a list of transactions from the blockchain and perform a linear
search. Another approach is to verify and add a transaction ID to a local database with proof.
Assuming the system administrator provides a reliable method, such as a smart contract, to
update and input transaction information into the relational database [20]. This allows querying
the relational database instead of the blockchain.

Another option involves using the Merkle hash of a block to verify the existence of a transaction
within it. To perform this, a Merkle proof is required. One can query each block in the
blockchain, utilize the Merkle proof with the transaction ID to determine if it indeed exists in a
block in the blockchain.

3.3.1 Linear Search

In linear search, all transactions are considered as a sequential list of items. During the search,
we traverse the blockchain one transaction at a time, checking and comparing each transaction
to determine if it exists within the blockchain. This method is the most straightforward approach
to performing a search within the blockchain, as shown in Figure 3.

Find TX123

NN N N Ny

X1 | TX2 ’ TX3 | TX4 | TX5 ’ TX6 ’ TX7 ‘ TX8 ‘ TX9

‘ TXn

Figure 3. Linear search
3.3.2 Platform Specific Solutions

The Sawtooth has its own node, block and transaction searching approach. It can be used to
find detailed information about the blocks and transactions, and it can show the other nodes in
the network [22]. This tool can be used from any node’s shell containers by specifying the URL
of the other node's REST API.

3.3.3 Searching Using Database

This approach involves utilizing a relational database, where transactions are stored within the
blockchain, while identifiers are stored in a relational database. In this case, the search is
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performed in the relational database easily. Because this method raises concerns regarding
verification, researchers proposed solutions to address this issue [23]. In our experiment, we
used SQL.ite that uses B-tree for organizing indexes, as illustrated in Figure 4.

TX1

TX1 ’ TX5 TX10

/‘\

TX2 J ’ TX5 | TX6 | TX7 ’ {TXIO

TX15 | TX20

TX1 TX11 TX15

TX16 l TX20

TX23

Figure 4. Database search (B-tree) [24-25]
3.3.4 Searching Using Merkle Hash

Blockchain transactions leverage Merkle trees for efficient searching. Merkle trees help verify
transactions without downloading the whole block. Each transaction gets a unique hash, and
these hashes are paired and re-hashed, building a hierarchy that culminates in a single Merkle
root. To find a specific transaction, one only needs the transaction itself and Merkle proof [26].
By following the proof and recalculating hashes at each step, they can verify if the transaction
belongs to the block. This system saves bandwidth and processing power, making blockchain
searches significantly faster and more efficient.

In our experiments, we utilized the Splinter Community Sawtooth blockchain, previously
known as Hyperledger Sawtooth, for our testing. During our experiments, we utilized platform
specific solutions to retrieve a transaction from the blockchain. We also performed a linear
search and assessed its performance. Furthermore, we put all transaction details, including their
hashes, in a relational database and conducted specific transaction queries. However, the
Merkle hash technique was not applicable in our experiments due to its unavailability within
Sawtooth Blockchain; therefore, we could not incorporate this method into our experiments and
assessments. However, this feature can be accessible and used on alternative blockchain
platforms.

4. EXPERIMENTS SETUP

This section provides an overview of the experimental setup used to evaluate blockchain search
algorithms, outlining the platform, experiment scenarios, and performance metrics measured.
The testing environment operated on a computer equipped with an AMD Ryzen 3 processor
and 6+ GB of RAM, running the Linux Ubuntu operating system. The blockchain framework
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used was Splinter Community Sawtooth version 1.2, configured with a network of five nodes
employing the PBFT (Byzantine Fault Tolerance) consensus algorithm.

To assess performance, the experiments involved generating and processing over one million
transactions. Specifically, we conducted searches for non-existent transactions within the
blockchain to simulate worst-case scenarios, providing an assessment of search algorithm
efficiency.

During testing, a client component was utilized to submit transactions to the blockchain. Each
research query was repeated multiple times to ensure statistical reliability, and average
measurements were calculated for precise evaluation and comparison purposes. We monitored
and recorded the key performance metrics, which are transaction retrieval time, CPU utilization,
and memory consumption.

5. EXPERIMENTS RESULTS

In this section, we present the results of our experiments, which also show the performance of
each transaction searching approach.

Figure 5 presents the transaction download time required for the linear search. In this
experiment, downloading the transaction list is essential for conducting the linear search, which
adds additional overhead to the system. The figure also illustrates that the volume of
transactions downloaded to the client node responsible for performing the linear search, scales
linearly as the number of transactions increases. While real observations may vary due to
network conditions and other factors, the consistent upward trend in transaction downloads is
observable, and indicated by the orange dotted line.

PROCEEDING BOOK Academy Global Publishing House | 38




ONFER,
m"k\ - M‘:’J
< #

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

Figure 5. Transaction download time for linear search

After downloading the transactions, the client node proceeds to perform a search. Figure 6
demonstrates a clear linear increase in search time corresponding to the number of downloaded
transactions. The cumulative effect of adding the transaction download time to the search time
results in a notable increase in total transaction retrieval time, measured in seconds.

CPU time for linear search

Figure 6. CPU time for linear search
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The Sawtooth Blockchain features a transaction retrieval search function that generates a
characteristic sawtooth pattern, as depicted in Figure 7. Observing the average time, we note a
consistent variation in transaction search times over the course of the experiments.

1.2

0.8

0.6

Time (s)

2.7 5K 7.5K 105K 13K 15.7K 18.5K 20K

No of Transactions

Figure 7. Sawtooth search time

Figure 8 displays the transaction retrieval time using a database to store transactions and execute

search queries. Upon analyzing the average time, a logarithmic increase becomes apparent as
the number of transactions increases.

CPU time for database search

W W W M oW W W M M W M N M o MM MMM ONNHBEN MMM EE SN EN

Figure 8. CPU time for database search
6. DISCUSSION

This section presents a comprehensive analysis and interpretation of the outcomes obtained
from our experiments. We thoroughly examined the performance metrics, limitations, and
practical implications derived from our findings. As shown in Figure 6, there is a clear linear
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increase in transaction retrieval time as the number of transactions rises, starting at
approximately 9.8 milliseconds and continuing to scale proportionally. Notably, periodic spikes
occur, particularly around every quarter of a million transactions. These spikes may be
attributed to factors such as non-random data distribution or fluctuations in CPU cache
utilization. Occasional peaks may also occur in comparison operations due to the absence of a
cached required transaction during a search that can lead to delays when retrieving it from main
memory.

During our experiments, we also monitored network conditions that affect transaction retrieval
times. Downloading all transactions before conducting searches took a few minutes, as
illustrated in Figure 5. The data retrieval over TCP sockets showed variability, reflecting the
impact of the TCP protocol on download times.

To manage heavy memory workloads, our system employed paging and swapping mechanisms.
As memory became insufficient, swap space on the hard disk was utilized, effectively
expanding memory capacity but also increasing input-output operations, thereby elevating CPU
system time. Notably, our experiments indicated swap space activation after approximately
22,000 transactions.

The search methodology in Sawtooth had minimal impact on the client side, as all search
operations were conducted within blockchain nodes, and the results were delivered to the client
as a service. However, increased data downloads triggered a backoff system, initially
accelerating data retrieval but causing slowdowns, resulting in a sawtooth pattern, as depicted
in Figure 7. Moreover, as transaction volumes exceeded 20,000, network nodes encountered
overwhelming requests, leading to sequential disconnections and network downtime.

Figure 8 demonstrates that database search outperforms other transaction searching methods
when handling substantial transaction volumes. However, database search operations heavily
rely on disk access for data retrieval. If the underlying hardware experiences slow operation or
becomes overloaded, it creates bottlenecks that significantly impair search performance.

As evidenced in Figures 6 and 8, the computational time for search algorithms escalates with
transaction volume, highlighting potential scalability challenges. With transaction numbers
approaching infinity, theoretical limitations in search time become apparent, emphasizing
scalability concerns.

During our experiments, we also noticed that the linear search performance is worse than O(n)
due to potential swap space usage and increased CPU system time demands. Hence, scalability
considerations should encompass enhanced memory and disk performance when dealing with
large transaction volumes.

In this study, we explored and benchmarked three methods for transaction retrieval in
blockchain systems. While Merkle tree-based approach offers theoretical benefits, our chosen
blockchain platform lacks the Merkle hash functionality necessary for transaction verification.
Future studies could extend this comparison to include Merkle hash methods across multiple
platforms, expanding this as a feature study for further exploration.
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7. CONCLUSION

This paper evaluates the available approaches of searching within blockchain systems. Initially,
a linear search approach to search for a specific transaction by its unique transaction ID was
applied. This approach entails downloading all transactions from the blockchain and then
sequentially scanning transactions starting from the genesis block until the target transaction is
found, resulting in a time complexity of O(n), where 'n' represents the total number of
transactions.

The second approach involves using platform specific solutions to retrieve transactions from
the blockchain. This method offers improved performance compared to linear search as it
delegates the task to the blockchain node, which executes it on behalf of the client. However,
as the workload on the nodes increases with the number of requests, it can lead to connectivity
issues and eventual loss of connection. The cost of this approach looks like O (1), but this is
not accurate. In practice, the search tests were executed on the miners rather than on the client.
So, the results observed on the client node merely reflect the miners' performance.

Another approach involves using a relational database, where transactions are stored in the
blockchain while identifiers are in a relational database. By utilizing tree data structures such
as B tree, the search complexity is optimized to c*log(n), where c is a constant, significantly
more efficient than the previous approaches. However, this approach needs to be running in
parallel with the blockchain, which requires additional space and computational power
compared to the previous approaches. Running this approach also requires verifying the
integrity, which adds additional complexity to the system.

There is also an approach that employs an authenticated index structure, where each block
contains a Merkle hash for transaction verification. Since the complexity of Merkle tree search
is log(n), traversing each block and verifying its hash incurs a theoretical complexity of
O(m)*log(k), where 'm" is the number of blocks, and 'k' represents the average transactions per
block. This approach outperforms linear search, and it does not have the integrity verification
concerns that the database-based search has. This approach also exhibits exceptional
performance particularly when dealing with smaller or fewer blocks.

Comparatively, in our tests, the relational database offers the most efficient performance and a
more scalable system. Conversely, the platform specific solutions followed by the linear
traversal of every single transaction represent the least efficient methods. Given the existing
limitations in today's systems, such as speed, communication, and scalability, there is a pressing
need to devise faster and more effective approaches to address these challenges.
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OZET

Evde bakim hizmetleri, ihtiyaci olan hastalara ev ortaminda saglik hizmeti verilmesidir. Bu
hizmet tiim diinyada yaygin olarak verilmektedir. Genellikle kronik hastalar ve 65 yas iizeri
yaslt hastalar i¢in sunulan bir hizmettir. Bu hizmet; evde bakim hizmeti alan hastanin ve
yakinlarinin yasam kalitesini kotii sekilde etkileyen durumlarin azaltilmasi, giinliik hayati en az
etkileyecek sekilde diizenlemeler yapilmasini faaliyetlerini amacglamaktadir. Bakimin
stirekliliginin saglanmasi da bu agidan 6nemlidir. Bu ¢alisma dahilinde hali hazirda isleyen
fakat kalite, performans disiikliikleri ve ara¢ eksikleri olan hizmet sektoriine ait olan evde
bakim hizmetleri sisteminin en verimli halinin olusturulmasi amaglanmistir. Hastalara verilen
hizmet kalitesinin ve tedavi siiresinin artirilmasi, ara¢ rotalarindan ve ara¢ eksikliklerinden
kaynaklanan sorunlarin ¢oziimlenmesi istenmektedir. Problemin ¢dziimlenmesi asamasinda
onceki hali ve problemin ¢6ziim esnasinda ekstra bir arag satin alinmast halinde ne gibi sonuglar
doguracag1 ara¢ rotalama probleminin ¢6ziim yollarindan biri olan Clark ve Wright yani
tasarruf algoritmasi ile hesaplanmistir. Elde edilen ¢iktilara yonelik analiz ¢aligmasi yapilmaistir.

Anahtar Kelimeler: Ara¢ Rotalama, Clark ve Wright, Evde Bakim Hizmetleri.

1. GIRIS

Saglik, tiim toplumlar i¢in en 6nemli temel ihtiyactir. Evde saglik hizmetleri sektorii, tibbi hizmetlerde
hizla bilyiiyen alanlar arasindadir. Evde bakim hizmeti hastalarin ve hasta yakmlarinin islerini
kolaylastirmistir ve sagliklarma 6nem verildigine dikkat ¢ekmistir. Hastanin sagligimm kontroliine
evde devam edilmesi oldukga 6nemli bir asamadir.

Evde bakim, saglik diizeyini iyilestirmek ve yiikseltmek i¢im hastalara ev ortaminda saglik hizmeti ve
hizmet donanmmmin saglanmasi olarak tanimlanmaktadir (Ozer ve Santas, 2012). Evde bakim
kapsaminda yapilmig literatiir calismalart bulunmaktadir. Akdemir ve ark. (2011) evde bakim
hizmetleri kapsaminda yataga bagimli hastalarin evde yasadiklar1 saglik sorunlarini inceledikleri bir
calisma yapmuglardir. Kalinkara ve Kalayci (2017) ¢aligmalarinda yasliya evde bakim hizmeti veren
bireylerdeki tiikkenmislik durumunu incelemislerdir. Oztiirk ve ark. (2017) engelli bireylere ydnelik
evde bakim hizmetlerini aragtirdiklar1 cahsmalarinda Amasya Ili 5rnegini vermislerdir.

Arag rotalama, fiziksel olarak farkli bolgelerde bulunan miisterilere belirli sayida depodan (ana
merkezden) hizmet vermek lizere gonderilen araglarin en uygun dagitim/toplama rotalarinin
tasarlanmasi problemidir (Eryavuz ve Gencer, 2001). Arag rotalama problemlerinin ¢éziimleri
i¢in kullanilan teknikler sadece iiretim sektoriinde faaliyet gosteren firmalarin iirin dagitimlar
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icin degil ayn1 zamanda da hizmet sektoriindeki firmalar i¢in de oldukga kullanigl tekniklerdir.
Keskintiirk ve ark. (2015) ¢alismalarinda 1957-2015 yillar1 arasinda yapilan ve farkli arag
rotalama teknikleri kullanilan ¢aligmalar1 incelemislerdir.

Bu c¢alismada evde saglik hizmeti gorecek hastalarin bakim kalitesini arttirmak amaci ile
kullanilan araglarin rotalandig1 bir ¢alisma yapilmaistir.

2. UYGULAMA

Evde bakim hizmetleri kapsaminda bulunan bazi konumlarda evde bakim hizmet araglarinin yetersiz
kaldig1 goriilmiistiir. Hastalara daha kasitl siireler ayirarak veya giinlere yayarak bu yetersizlige ¢oziim
bulunmasina galistlmistir fakat bu ¢6ziim gegici ve hasta-hizmet kalitesi agisindan yetersiz olmustur.
Bu sorunun temelinde arag yetersizliginin bulundugu bilinmektedir. Bu durum verilen hizmete ait
sistemin verimliligini diisiirmektedir. Bu bilgiler 1s1§inda sisteme yeni araglar ekleyerek ve
olusabilecek en az maliyeti olusturarak verimlili§in artirllmasi ve hizmet kalitenin yiikseltilmesi
amaglanmigtir. Bunun i¢in 6ncelikle s6z konusu yerlesim yeri i¢in veriler toplanmis ve mevcut hizmet
incelenmistir. Arag, mesafe ve maliyet kisitlarina odaklanarak problemler tespit edilmis ve alternatif
¢Ozlim Onerileri sunulmustur.

2.1. Verilerin Toplanmas1 ve Diizenlenmesi

Calisma icin segilen ilcede evde bakim hizmeti icin tahsis edilmis 1 adet evde bakim hizmet
aract mevcuttur. Her aracta 1 sofor, 1 hemsire ve 1 saglik memuru bulunmaktadir. Yeni gelen
yasaya gore arag¢ soforii de hemsire veya ATT olmak zorundadir. Calisma kapsaminda her giin
ziyaret edilme imkani olmadig i¢in gilin asir1 ziyaret edilebilen 16 hastanin bulundugu bir
bolgede rotalama yapilmistir. Hastalarin konumlari aras1 mesafe ve siireler Google Maps ile
belirlenmistir. Hastalarin ve Acil Saglik Hizmetleri Istasyonu (ASHI) nun konumlari sekil 1°de
gosterilmektedir.

88e, _

&t
00

Sekil 1: Hastalarm ve ASHI nin konumlari

ASHI ile hasta konumlar1 arasindaki uzaklik km ve dk cinsinden ¢izelge 1°de gosterilmektedir.

Cizelge 1: ASHI ve hasta konumlari arasindaki mesafeler

Konumlar 1 2 3| 4 5 6 7 8 9 (10| 11 | 12| 13| 14 | 15| 16

Gidis Sureleri (dk) 6 5 513 5 5 11 (11| 12 | 11| 6 91 16| 17 7 10
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l Uzakliklar (Km)

133 22 [ 3| 2] 27] 25[78]|86/10|78|25| 3] 8] 91]65]62]

Elde edilen veriler kapsaminda hastalarin tedavi stirelerinin 15-40 dakika arasinda normal
dagildig: varsayilmistir. Hastalarin tedavi siireleri ¢izelge 2°de verilmistir.

Cizelge 2: Hastalarin tedavi siireleri

Konumlar

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Tedavi siresi (dk)

20

25

22

24

27

30

21

39

29

35

23

15

29

40

20

19

Ambulans servis hizmetleri istasyonun konumlara uzaklik matrisi olusturulmustur. Bu uzaklik
matrisi iki nokta arasindaki uzakligi gostermektedir. Uzaklik matrisinin verileri Google Maps
tizerinden hesaplandig1 i¢in tamamen gercek verileri icerir. Uzaklik matrisi ¢izelge 3’de

mevcuttur.

Cizelge 3: Uzaklik matrisi

L,fﬂzgrr':s 1 | 23|45 |6 |7|8|9|10|11]12]13|14]15] 16
o/33|22] 321272578/ 86|10]78]25] 3 | 8 |91]65] 62
1| - [33|59]44]33]59|12]11,7|109]11,7| 22| 5582|8372/ 4
2 - las(27]45|12|56|55|57|54]| 4 |76|11,1]11,2]47 | 81
3 - l270a5] 5 [52]5153] 5 |[76] 4 |101]112|47 ] 81
4 ~l29]2786|85(87|84]25|61]96|97]52] 79
5 - |a5]10]103]105[102] 21|57 ]92]93]| 7 | 68
6 - Is2|s51 53| 5 | 4 |76|11]102]47] 81
7 - lo1]02]02[133|134|169| 17 | 83 | 11,7
8 - lo3|o1|134]135] 17 | 17 |85 [ 118
9 - |02 (133|136[171|169] 84 | 11,7
10 - 135|134 17 |171] 86 | 116
11 - 138]65]|66|10] 99
12 - 57|55 (101] 10
13 - 5399102
14 - (136 12,2
15 " | a4
16 -

2.2. Tasarruf Matrisini Olusturulmasi
Cizelge 3’den faydalanilarak tasarruf matrisi olusturulmustur. Ornegin; 1. hasta konumu ve 2.
hasta konumu arasindaki tasarruf miktariin hesaplayalim.

S12 = co1 + Ccoz — C12

Bu formiildeki co1 degeri ambulans saglik hizmetleri istasyonun 1. konuma uzakligini

gostermektedir. Bu deger ¢izelge 3’e bakilarak belirlenir ve deger 3,3’tiir. Benzer sekilde, coz
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ambulans saglik hizmetleri istasyonunun 2. hasta konumuna uzakligidir. Bu uzaklik degeri
2,2’dir. Son olarak c12 degeri de 1. ve 2. hasta konumlar1 arasindaki mesafedir ve degeri de 3,3
oldugu goriilmektedir.

Buna gore $12 = 3, 3 + 2, 2 — 3, 3 = 2,2 olarak hesaplanir. Bu islemler her konum igin ayri
ayrt tekrarlandiginda tasarruf matrisi olusturulur. Cizelge 4’te olusturulan tasarruf matrisi

goriilmektedir.

Cizelge 4: Tasarruf matrisi

T,\"jf‘aat'::f 102|345 6| 7] 8| 9 | 10| 12] 12| 13)|14|15] 16
1| - |22]04| 1|27| 01| 07| 02| 14|06 36|08/ 31|41|26]| 55
2 - |o7|16|04| 35| 44| 53| 65| 46| 07| 24|-09]01] 4] 03
3 - |24|12| 05| 56| 65| 77| 58| 21| 2 |-01|09]| 48| 1,1
4 19l 19 23] 2234|1521 1| 05]15]34] 04
5 lo7lor| 1 12203 |31] o 15]25]22] 21
6 - ls1| 6 | 7253 1 |-21]06|04]|43| 06
7 - | 163]176|154] 3 | 26| -11]-01] 6 | 23
8 - | 183]163| 23| -19|04|07|66| 3
9 - |176]| 08| 06| 09 | 22| 81/ 45
10 - 13226 -1202]57] 24
11 Sl 4] s a2
12 - | 53 |66|-06|-08
13 - |118] 46| 4
14 - 2| 31
15 - | 83
16 -

2.3. Rotalarin Olusturulmasi
Rota olusturulurken ilk Once ¢izelge3’te verilen uzaklik matrisi géz Oniine alinir. Uzaklik
matrisinde ASHI’nin en yakin oldugu yer ile baslanir. En yakin oldugu yerin konum 4 oldugu
cizelge 3’ten goriilmektedir. Konum 4’ten devam ederek tasarruf matrisinden en biiyiik deger
olan 3,4’1 yani konum 15’1 siraya koyuyoruz. Sonrasinda konum 15 i¢in en biiyiik degeri
artyoruz. En biiylik degerin konum 16’da oldugunu goriilmektedir. Bu sekilde adim adim
tasarruf rotalar1 olusturulmaktadir.

Tasarruf hareketleri sonucunda rotalar olusturularak, total km degerleri hesaplanmistir. Bu
islemler ¢izelge 5’te goriilmektedir.

Cizelge 5: Tasarruf rotalari
Hasta
NOl 1 (2|3|4|5(6 |7 | 8|9 |10|11|12|13| 14| 15| 16| 17| 18| Toplam
KM

Rota NO
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1 0|4(15|16| 1|14 |13 |12| 3 | 9| 8 |10| 7 21111 5|0 60,1
2 0|4|15|16| 1|14 |13|12| 3 | 9| 8| 7|10 21111 5|0 59,9
3 0|4 10 7 |15|16| 1 |14 13|12|11| 5| 3 2|0 66,2
4 0|4 7|10 3 |15|16| 1 | 14| 13|12 11| 5 2|0 62,6

2.4. Toplam Siirelerin Hesaplanmasi
Belirlenen dort rotanin her biri i¢in araglarin yapacagi yolculuk siireleri: 3 kilometrenin 5
dakikaya esit oldugu kabul edilerek hesaplanmistir. Toplam g¢alisma siireleri Cizelge 6’da
verilmistir.

Cizelge 6: Toplam siireler

Toplam Yolculuk Siresi (dk) | Toplam Tedavi Siiresi (dk) | Toplam | Calisma Siresi (h)
100,1666667 418 8,636111111
99,83333333 418 8,630555556
110,3333333 418 8,805555556
104,3333333 418 8,705555556

2.5. Mevcut Durumun Y orumlanmasi ve C6ziim Bulunmasi
Mevcut durum i¢in hesaplanan toplam tedavi siireleri ve toplam ¢alisma siireleri géz oniine
alindiginda, ¢alisanlarin giinliik ¢calisma saatlerini agmakta oldugu goriilmektedir. Elde edilen
sonuclar goz Oniine alinarak yeni bir evde bakim saglik hizmet araci satin alinmasi alternatifi
onerilmektedir. Yeni aracin hem calisanlarin ¢alisma siiresini normale diisiirecegi hem de hasta
tedavi esnasinda hastaya daha fazla vakit aymrilarak hizmet Kkalitesinin arttirilacagi
diistiniilmektedir.

Ikinci bir evde saglik bakim hizmet araci satin alinmasi alternatifi i¢in hasta bakim rotalar:
yeniden olusturulmustur. Dort farkli rotalama senaryosu gelistirilmistir. Arac- 1 ve Arag-2 i¢in

rotalar ve araglarin alacagi toplam mesafeler ¢izelge 7°de sunulmaktadir.

Cizelge 7: Arag-1 ve Arag-2 i¢in rotalar

Senaryo Hastanol 1 | 2| 3 | 4| 5| 6| 7| 8| 9| 10| km I;p'am
Arag¢ No
1 aagl |0 |a] 15 |16] 1 14|30l o
1 Arac2 | 0| 2| 9 | 8|10 7 |3|5|6] 0] 252
2 Al |0l af s 6] 1 (14|32 n]o| 5] o
2 Arac2 | 0 | 2 10| 3 0| 25
3 Arac:l | 0 | 4 1036 0| 286 |
3 Arac2 | 0| 2| 15 | 16| 1 |14 |13|12|11| 0 | 409
4 gl |04 9|8 |10 |7 |3|5]6]0]2m1|
4 Arac2 | 0| 2| 15| 16| 1 |14 |13]|12|11| 0 | 409
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Arag-1 ve Arag-2 i¢in toplam hizmet siireleri, yolculuk siireleri ve ¢alisma siireleri her rota igin
ayr1 ayr1 hesaplanarak cizelge 8’de gosterilmektedir.

Cizelge 8: Arag-1 ve Arag-2 i¢in toplam siireler

Senaryolar Al\z?)(; Hizmet Siiresi (dk) TOFQS:;ST?LCI:;IUI( Toplam Galisma Siiresi(h)

1 Arag-1 190 72,5 4,375
1 Arag-2 228 42 4,5

2 Arac-1 190 72,5 4,375
2 Arag-2 228 41,667 4,494
3 Arag-1 227 47,667 4,578
3 Arag-2 191 68,167 4,319
4 Arag-1 227 46,833 4,564
4 Arag-2 191 68,167 4,319

Cizelge 8’de gosterilen sonuglar ele alindiginda en uygun rotanin ikinci senaryoda olusturulan
rota oldugu gériilmektedir. Arac-1 ve Arag-2 igin ikinci rota uygulanmalidir. ikinci arag satin
alindiginda yolculuk siirelerinin azaldig1 goriilmektedir. Toplam ¢alisma siireleri yar1 yariya
diistiigli icin hastalarla daha kaliteli ve verimli zaman gegirilebilecektir. Bunun yani sira
hastalar1 her giin tedavi ve ziyaret imkani1 dogacaktir.

3. SONUCLAR VE DEGERLENDIRME

Yapilan ¢alismanin temel amaci sistemde var olan aksakliklar1 gidermek ve sistemin daha
verimli bir sekilde kullanilmasini saglamaktir. Hizmet sektdriinde yasanan arag yetersizliginden
kaynakl1 bu probleme ¢6ziim olarak en az maliyetle yeni bir ara¢ satin alinmas1 ve buna uygun
rota belirlenmesi i¢in bir ¢alisma yapilmistir.

[k olarak mevcut durumda var olan sistem cergevesinde hesaplamalar yapilmistir. Yapilan
hesaplamalar sonucu arag eksikliginden kaynakli tedavi siirelerinin yetersiz oldugu ve c¢alisma
saatinin ortalama 8 saati astig1 goriilmektedir. Hastalar1 ziyaret siklig1 ve verilen hizmetin
kalitesi mevcut durumda daha diisiik seyrederken sistemin verimliligi de oldukca diisiik olarak
yorumlanmaktadir.

Onerilen iki aracli durumda %50 oraninda diisen ¢alisma siireleri sonucunda evde bakim
hizmetlerinin daha sik ve daha kaliteli yapilabilecegi gériilmiistiir. Iki ara¢ i¢in olusturulan
rotalar ve tedavi siirelerinin dengelenmesi ile genel anlamda siire¢ sadelestirilmis ve istenilen
slire¢ iyilestirmesi saglanmistir.
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BIR OTOMOTIV YAN SANAYI SIRKETININ URETIM PLANININ HAZIRLANMASI
VE KALITE KONTROLU
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OZET

Artan rekabet ortami ile isletmelerin gelecek i¢in giivenle yol alabilmeleri, planlamalarint dogru
yaparak hem miisteri memnuniyetini saglamalart hem de verimliliklerini-liretkenliklerini
stirdiirebilmeleri talep tahminlerindeki dogrulukla paraleldir. Bu kapsamda talep tahminleri
iiretim planlama ve dolayisiyla isletmenin uzun dénemli planlamalar1 i¢inde 6nem arz etmektedir.
Glinlimiiz is diinyasinda otomotiv sektoriine hizmet veren sirketlerde donem donem tedarik zinciri
sorunlar1 yaganmaktadir. Bu sorunlar da sirketlerin iiretim miktarlarin1 etkilemektedir. Sirketlerin
ellerinde fazladan stok birikmesine, miisteri siparisi gelmedigi zaman da maliyetlerin artmasina
sebep olmaktadir. Bu calisma ile otomotiv sektoriinde faaliyet gosteren bir yan sanayi sirketinin,
pandemi sonrast diizenli iiretim yapabilecek duruma getirilmesi amaglanmistir. Regresyon ve
korelasyon analizi ile talep tahmini ¢aligsmas1 yapilarak en uygun miktarda hammadde satin almasi
saglanmistir. Bu talep tahminleri dogrultusunda iiretim plani olusturulmustur. Baslangicta gelen
miisteri siparislerini elindeki stoklardan degerlendirerek elde bulundurma maliyetinden
kurtulmustur. Kontrol diyagramui ile de iiretim siireci izlenerek kusurlu bir {iriin ¢ikmasina engel
olunmustur.

Anahtar Kelimeler: Regresyon, korelasyon, ana iiretim gizelgeleme, ekonomik siparis miktari,
kontrol diyagrama.

1. GIRIS

Isletmeler miisteri memnuniyetini saglamak igin iiriinleri dogru zamanda, dogru miktarda ve istenilen
kalitede ve fiyatta iiretip, miisteriye teslime etmelidirler. Bu nedenle tiretimde kullanilacak hammaddelerin
liretim i¢in uygun zamanda, uygun miktarda ve uygun kalitede gelmesi gerektigi gibi ayn1 zamanda da
miisteri taleplerinin dogru sekilde ve zamaninda belirlenmesi de dnemlidir. Literatiirde talep tahmininde
kullanilan farkli teknikler vardir. Sonmez ve Zengin (2019) ¢alismalarinda yapay sinir aglar1 ve regresyon
yontemlerini kullanarak yiyecek isletmelerinde talep tahmini yapmislardir. Karaca ve Karacan (2016)
calismalarmda c¢oklu regresyon yontemini kullanarak elektrik tiiketimine yonelik talep tahmini
yapmuslardir. Yergok ve Aci (2019) calismalarmda toplu yemek tiretiminde giinliik talebi tahmin etmek
icin regresyon analizi kullanmglardir.

Talebin dogru belirlenmesi iiretim planlamasinin verimli olmasi i¢in dnemli sartlardan birisidir.
Bir isletmedeki tiretim planlama ve kontrol sistemi, iiretimde verimlilik hedefine ulagsmak i¢in
tiretim faaliyetlerinin koordinasyonunu saglayan bir ara¢ olmaktadir (Giileng ve Karabulut, 2005).
Uretimde kaynaklarn hem ekonomik hem de etkin bir sekilde kullanilmasi biiyiik onem
tasimaktadir. Uretim faktodrlerine bagl olarak iiretim siirecinin planlanmast, iiretim planlamanin
bir pargasidir (Deste ve Karabulut, 2021). Uretim planlama yapilirken stok durumlarinin takibi de
ayrica 6onem tagimaktadir.
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Bu c¢alismada pandemi nedeni ile {iretimine ara veren bir isletmenin yeniden iiretime
baslayabilmesi i¢in gerekli olan talep tahmini, ekonomik siparis miktarinin belirlenmesi, liretim
planinin hazirlanmas1 ve {iretim silireglerinin kontrolii gibi konularda destek olunmasi
amaclanmaktadir.

2. UYGULAMA

Covid-19 salgini ve sonrasinda yaganan otomotiv iiretimindeki daralmadan kaynakli olarak tiretimine ara
vermis olan bir otomotiv yan sanayi igletmesinde ciddi miktarda {iriin stogu birikmistir. Bu ¢alisma ile
isletmenin uzun dénemli planlama eksikliginden ve piyasa sartlarindan dolay1 elinde bulundurdugu fazla
stoklarm olusturdugu maliyetin minimuma diisiiriilmesi hedeflenmektedir. Bu amacla oncelikle,
regresyon ve korelasyon yontemleri ile talep tahmini yapilmustir. Sonrasinda ekonomik siparis miktari
belirlenmis ve iiretim planlart hazirlanmistir. Son olarak kontrol diyagramlari olusturularak proses
incelenmis ve sonugclar analiz edilmistir.

2.1. Talep Tahmini Yapilmast
Isletmenin son yila ait satis miktarlar1 alinarak regresyon analizi yapilmistir. islem kolaylig
olmasi agisindan satis miktarlar1 100 ile sadelestirilmistir. Regresyon analizi i¢in yapilan
hesaplamalar ¢izelge 1°de gosterilmektedir.

Cizelge 1: Regresyon analizi

X (D6nem) Y(Gergeklesen Satis) X? XY
1 4,68 1 4,68
2 5,26 4 10,52
3 4,22 9 12,66
4 4,36 16 17,44
5 513 25 25,65
6 5,74 36 34,44
7 5,37 49 37,59
8 4,09 64 32,72
9 5,00 81 45
10 4,86 100 48,6
11 533 121 58,63
12 4,97 144 59,64

>=78 >=59,01 =650 >=387,57

b=[(12*387,57)-(78*59,01)]/[(12*650-6084)]=0,028007
a=(59,01/12)-(0,02007*78/12)=4,787045

Y =a+bX

1. aym tahmini; Y = 4,787045 + 0,028007 * 13 =5,15114 * 100 = 515 adettir.
2. ayim tahmini; Y = 4,787045 + 0,028007 * 14 =5,17914 * 100 = 517 adettir.

3. aym tahmini; Y = 4,787045 + 0,028007 * 15 = 5,20715 * 100 = 520 adettir.
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4. ayim tahmini; Y =4,787045 + 0,028007 * 16 = 5,23516 * 100 = 523 adettir.

5. ayin tahmini; Y =4,787045 + 0,028007 * 17 = 5,26316 * 100 = 526 adettir.

6. aym tahmini; Y = 4,787045 + 0,028007 * 18 = 5,29117 * 100 = 529 adettir.
Korelasyon analizi;

r=(387,57 - 78 * 59,01 / 12) / (650 — 144/12) * (292,9469 — 3482,18/12) = 0,095351

0,00 <r < 0,25 oldugu i¢in korelasyon ¢ok zayiftir.

2.2. Ekonomik Siparig Miktarinin Belirlenmesi
Bir yillik talep miktar1 gerceklesen satis miktarlarina bagli olarak ortalama 6000°dir. Planlama
donemi i¢inde 12 ay bulundugundan bir hammaddeyi yillik stokta bulundurma maliyeti 3 Tiirk
Liras1 ve her siparis bagina maliyet de 50 Tiirk Lirasidir.

ESM =2 % 50 * 6000/3 = 447,2136 adet siparis edilmelidir.
2.3. Uretim Planinin Olusturulmasi
Isletmenin stoklarinda 2019 yilindan kalan 150 adet iiriin bulunmaktadir. Bu isletmede iiretim igin

lot biiyiikliigii 75 olarak belirlenmistir.

Miisteri siparisi miktarlar1 drnek olarak iki ay igin cizelge 2°de verilmistir. Uretim degerleri ve
s0z verilebilir envanter degerleri de ¢izelgede hesaplanmustir.

Cizelge 2: Isletmenin iki aylik drnek iiretim plan

Baslangig 1. Ay 2. Ay
Envanteri=150 1 2 3 4 1 2 3 4
Talep Tahmini 135 120 115 145 107 130 165 115
Musteri 85 110 90 125 105 80 200 0
Siparigleri
(S6z Verilen)
Ongoriilen 15 45 5 10 53 73 23 58
Envanter
MPS(Uretim) 150 75 150 150 150 150 150
So6z Verilebilir 15 40 25 45 70 150
Envanter

2.4. Kontrol Diyagrami Olusturularak Prosesin incelenmesi
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Isletmenin iirettigi parcalarin iiretiminde bir hata olup olmadigini arastirmak igin 200 kilogram
olarak istenen iirtinlerden 15 dakika ara ile 5 birimden olusan 6rnekler alinmistir. Spesifikasyon
siirlar1 200 + 2kg olarak belirlenmistir.

Kontrol diyagramlarinin olusturulabilmesi i¢in iiretimden alinmasi gereken parca agirliklarinin

Ol¢ciim degerlerine ihtiya¢ vardir. Bu 6l¢iim sonuglari ¢izelge 3°de verilmektedir.

Cizelge 3: Parcalarin 6l¢iim degerleri

Ornek no X X, X3 X4 Xs Toplam Xi R;
1 199,9 199,3 200,2 198,9 198,5 996,8 199,36 1,7
2 200,2 201,4 201,5 201,3 200,2 1004,6 200,92 1,3
3 200,9 200,5 201,1 200,1 200,7 1003,3 200,66 1
4 199,7 199,9 198,8 200,0 199,8 998,2 199,64 1,2
5 199,2 199,7 201,3 200,5 198,9 999,6 199,92 2,4
6 198,5 199,0 199,7 200,7 201,7 999,6 199,92 3,2
7 201,2 200,2 200,8 201,3 200,6 1004,1 200,82 11
8 200,4 199,1 201,5 201,6 198,2 1000,8 200,16 3,4
9 201,2 198,3 200,9 199,7 199,1 999,2 199,84 2,9
10 201,1 200,5 199,1 201,2 201,8 1003,7 200,74 2,7
10 201,1 200,5 199,1 201,2 201,8 1003,7 200,74 2,7
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10 -

X = Z=1™ _ 2001,98 = x = 200,198
k 10
10
- —1R , ~

m 10

"X kontrol diyagramu igin kontrol sinirlari,

MC = X =200,198
UKS= ¥ A2 *R= n=5icin A2 = 0,58
UKS = 200,198 + 0,58 * 2,09 = 201,410

AKS = X A2 ¥ R= 200,198 — 0,58 * 2,09 = 198,986

Parca agirliklarinin ortalamalar ile olusturulan X ortalama kontrol diyagrami sekil 1’de

gosterilmistir.

X Ortalama Kontrol Diyagrami

201,5
201
200,5
200
199,5
199

Ornek ortalamasi

198,5
1 2 3 4 5 b 7 8 9 10

Ornek No

Sekil 1. X Kontrol Diyagrami

Sekil 1. incelendiginde, aritmetik ortalama diyagramina gore tiim ornek ortalamalar1 kontrol
siirlari i¢inde oldugundan prosesin kontrol altinda oldugu anlasilmaktadir.

R kontrol diyagrami i¢in kontrol sinirlart:
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—
MC = R =2.09
UKS= D, *R = n=5i¢cin D, =2.115
UKS =2.115*2.09 = 4.42035
AKS=D, *R = n=5i¢inD, =0

AKS=0

Parca agirliklarinin degisim araligi degerleri ile olusturulan kontrol diyagrami sekil 2’de
verilmistir.

R Kontrol Diyagrami

Orneklerin R Degerleri
fod

1 2 3 4 5 b 7 8 9 10
Ornek No

Sekil 2. R Kontrol Diyagrami

Sekil 2 incelendiginde, degisim araligi diyagramina gore degisim araliklari kontrol sinirlar
icinde oldugundan degiskenligin kontrol altinda oldugu anlasilmaktadir.

3. SONUCLARIN ANALIZ EDILMESI
MSE ve MAD sonuglarinin hesaplanabilmesi i¢in hata ve hata2 degerlerine ihtiyag vardir. Satis

degerleri tahmin degerlerinden ¢ikartilarak hata degerleri ¢izelge 4’te hesaplanmustir.

Cizelge 4: Talep tahmini hatasi i¢in hesaplanan degerler

Ay Satis Tahmin Hata Hata?
1 410 515 -105 11025
2 385 517 -132 17424
3 490 520 -30 900
4 510 523 -13 169
5 520 526 -6 36
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6 535 529 +6 36
Toplam -280 29590

MSE = 29590 / 6 = 4931,66
MAD = (|-105] + |-132| + |-30| + |-13| + |-6| + |+6]) / 6 = 48,66

Hesaplanan MSE ve MAD degerlerine gore, hata kareleri ortalamasi degeri 4931,66 ¢ikmustir.
Ortalama mutlak sapma degeri 48,66 ¢ikmuistir.

4. SONUCLAR
Bu ¢aligsma ile iiretimine uzun bir siire ara vermis olan otomotive yan sanayi isletmesi i¢in,

Onlerindeki donem icin talep tahmini yapilip isletmenin yeniden iiretime hazirlanmasi
saglanmigtir. Isletmenin elindeki stok seviyesi tekrar minimuma indirilmis olup, gelen
sipariglerle eszamanli olarak hammadde temini yapabilmesi saglanmistir. Ocak aymin son
haftasi1 itibariyle de iiretimine kaldigi yerden diizenli bir sekilde devam edebilecegi
anlagilmistir. Kontrol diyagramlar ile iiretim siireci izlenerek hatali iiriin ¢ikmasina engel

olunmustur. Sonraki donemler igin liretimini artirabilmesinin ve yeni yatirrmlar yapabilmesinin

onti agilmistir.
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OZET

Elektronik bilesenlerin sogutulmasi, daha hizli, daha kiigiik ve daha giivenilir sistemlerin
gelismesinin  saglanmasi bakimindan olduk¢a Onemlidir. Uygulamada bir¢ok elektronik
bilesenin sogutulmasi durumunda 1s1 yayan bilesen dizileri dikey veya egimli paralel plaka
kanallarina yerlestirilmektedir. Bu ¢alismada, dikey bir kanal igerisinde eskenar iiggen sekilli
engel elemaninin karigik tasinim ile 1s1 transferi ve kanal igerisindeki akis 6zellikleri sayisal
olarak degerlendirilmistir. Akisin kanal icerisindeki 1sinmis engel elemanina daha iyi
yonlendirilmesi ve karigik tasinim etkisinin artirilmasi amaciyla kanal igerisine iist girig
kismindan 30° ve 60° acgili akig yonlendirici kanatcik yerlestirilmistir. Sayisal inceleme,
zamandan bagimsiz, laminer ve iki boyutlu olarak siireklilik, momentum ve enerji
denklemlerinin ~ Ansys-Fluent  bilgisayar  programi  kullanilarak  ¢6ziilmesiyle
gerceklestirilmistir. Eskenar licgen sekilli elektronik elemanlara sabit 1s1 akis1 uygulanirken,
kanalin diger yiizeyleri ve akis yonlendiriciler ise adyabatiktir. Kanalda kullanilan su akigkani
sikistirilamaz olup, kanala giris sicakligi 293 K’ dir. Calismada kullanilan Reynolds sayis1 (Re)
degeri 100, degistirilmis Richardson sayis1 (Ri*) araligi 50-150, AGM (Akis Gegis Mesafesi)
ise 2 ve 4 olarak tasarlanmistir. Calismadan elde edilen sonuglar, literatiirdeki deneysel ve
sayisal sonuglarla kiyaslanmig ve sonuglarin birbirleriyle tutarli olduklari saptanmustir.
Sonuglar, Ri* sayisina bagli olarak farkli AGM oranlar1 i¢in kanala yerlestirilen agili akisg
yonlendiricilerin 1sinmig engellerin ortalama Nu sayilar1 (Num) ve kanaldaki ortalama akiskan
sicakliklar1 (Tm) lizerindeki etkisinin degisimleri olarak incelenmistir. Ayrica, 2 ve 4 akis gecis
mesafesi oranlar1 dikkate alinarak Ri*=150 i¢in kanatgiksiz ve kanat¢ikli durumlarda kanaldaki
karisik tasinimin hiz ve sicaklik konturu dagilimlar tizerindeki etkileri gorsellestirilerek detayl
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bir sekilde incelenmistir. Ri*=150 i¢in AGM=2 ve 60° agil1 kanat¢ikli durumda Num sayisinin
kanatgiksiz duruma gore %3,13 daha fazla oldugu belirlenmistir.

Anahtar Kelimeler: Karisik tasinim, Akis yonlendirici, Kanatgik, Akis gecis mesafesi.
ABSTRACT

Electronic components' cooling is crucial in ensuring the development of faster, smaller and
more reliable systems. In practice, heat-emitting component arrays are placed in vertical or
inclined parallel plate channels when cooling many electronic components. In this study, the
mixed convection heat transfer and flow properties of an equilateral triangular-shaped obstacle
element in a vertical channel were evaluated numerically. To better direct the flow to the heated
obstacle element in the channel and to increase the mixed convection effect, 30° and 60° angled
flow director fin was placed in the channel from the upper entrance. Numerical analysis was
carried out by solving steady, laminar and two-dimensional continuity, momentum and energy
equations using the Ansys-Fluent computer program. While constant heat flux is applied to the
equilateral triangular-shaped electronic elements, other surfaces of the channel and flow
directors are adiabatic. The water fluid used in the channel is incompressible and the
temperature at which it enters the channel is 293 K. The Reynolds number (Re) value used in
the study was designed as 100, the modified Richardson number (Ri*) range was 50-150, and
the FPR (Flow Passage Ratio) was designed as 2 and 4. The results obtained from the study
were compared with the experimental and numerical results in the literature and the results were
found to be consistent with each other. The results were examined as changes in the effect of
angled flow directors placed in the channel on the mean Nu numbers of heated obstacles (Num)
and mean fluid temperatures (Tm) in the channel for different FPR ratios, depending on the Ri*
number. In addition, the effects of mixed convection in the channel on the velocity and
temperature contour distributions were visualised and examined in detail for Ri*=150,
considering the flow transition distance ratios of 2 and 4, in cases with and without fins. For
Ri*=150, it was determined that the Num number was 3.13% higher in the case with FPR=2 and
60° angle fins than in the case without fins.

Keywords: Mixed convection, Flow director, Fin, Flow passage ratio
1. GIRIS

Avrupa Birligi basta olmak {izere son zamanlarda tiim diinya iilkelerine yayilmakta olan ¢evre
ve iklim degisikligi politikasiyla birlikte kirliligin bertaraf edilmesi, azaltilmasi ve 6nlenmesi,
dogal kaynaklarin ¢evreye ve ekolojik dengeye zarar vermeyecek sekilde kullaniminin temin
edilerek stirdiiriilebilir kalkinmanin saglanabilmesi amaciyla 6zellikle enerji sektoriinde hizli
bir sekilde kokli degisiklikler yapilmasi planlanmaktadir. Bu amagla enerjinin etkin bir
bicimde kullanilmasiyla 1s1 ve akis uygulamalarinda yeni yaklagimlarla gelistirilmis
ekipmanlarin verimliliklerinin artirilarak, isletme maliyetleri diisiik, dogaya duyarli ve
giivenligi yiiksek tirtinler gelistirilmesi ¢alismalar1 yogunlasmistir (Alnak ve Karabulut, 2024).
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Elektronik bilesenlerin sogutulmasi, daha hizli, daha kiigiik ve daha gilivenilir sistemlerin
gelismesinin  saglanmasi bakimindan olduk¢a Onemlidir. Boylece, cihazdan elde edilen
verimlilik artarken; bu durum zaman ve maddi agidan kazang elde edilmesine sebep olacaktir.
Uygulamada bir¢ok elektronik bilesenin sogutulmasi durumunda 1s1 yayan bilesen dizileri
dikey veya egimli paralel plaka kanallarina yerlestirilmektedir.

Bununla birlikte, kanal i¢i akis ve 1s1 transferi uygulamalarinda dogal ve zorlanmig taginimin
birlikte uygulandigi karisik tasinim uygulamalart son zamanlarda arastirmacilar ve
uygulamacilar tarafindan yogun olarak degerlendirilen tasarimlar arasinda yer almaktadir.
Karigik tagmimla 1s1 transferi iizerine yapilan arastirmalar, 1s1 esanjorleri, kimyasal igleme
ekipmanlari, glines enerjisi toplayicilarinin ve elektronik sogutma vb. gibi uygulamalar bir¢ok
miihendislik alaninda giderek daha fazla ilgi gérmektedir. Boylece, 1sinmis olan bilesenler
tarafindan etrafindaki akiskan ile olan sicaklik farkina dayali olarak gerceklesen dogal taginimla
olan 1s1 transferinin engellenmeden zorlanmis tasinimla desteklenerek 1s1 transferi
artirilabilmektedir.

Literatiirde bir kanalda karisik taginimla 1s1 transferi birgok arastirmaci tarafindan incelenmistir.
Bunlardan birinde, 1s1 kaynag1 igeren bir kanal i¢in laminer zorlanmig akisin, dogal, karisik ve
zorlanmig taginim bdlgeleri boyunca kaldirma kuvveti kaynakli dogal konveksiyon hareketi
tizerindeki etkileri Choi ve Ortega (1993) tarafindan sayisal olarak incelenmistir. Sonuglar, 1s1
kaynaginin ortalama Nusselt (Nu) sayisinin egim agisina biiyiik 6lgiide bagli oldugunu
gostermistir. Papanicolaou ve Jaluria (1993), yalitilmis ve sabit degerde bir 1s1 kaynagi iceren
dikdortgensel bir sistemdeki karigik tasinimi incelemislerdir. Auletta ve ark.(2001) dik olarak
konumlanmis ve simetrik olarak 1sitilan asagi yonlii akisi olan bir kanalda adyabatik olarak
genislemenin 1s1 transferi tizerindeki etkilerini sayisal olarak analiz etmislerdir. Yapilan
analizler sonucunda kanaldaki uzama ve genisleme miktarlarina gore 1s1 transferinde %10-20
arasinda bir artig oldugunu belirlemislerdir. Egimli bir kanalda laminer akis sartlarinda birbirine
es iki 1s1 kaynaginin karisik tasimimla sogutulmasi Boutina ve Bessaih (2011), tarafindan
degerlendirilmistir. Is1 kaynagi 6lgiileri ve aralarindaki uzakligin yaninda kanal egiminin de 1s1
transferine belirgin etkileri oldugu saptanmistir. Forooghi ve Hooman (2013), tiirbiilansl1 akigin
oldugu iki dalgali plaka arasinda kaldirma kuvvetlerinin de etkisini dikkate alarak 1s1 transferini
sayisal olarak irdelemislerdir. Calismalarinda kaldirma kuvvetlerinin 1s1 transferi {izerinde
degisen etkisini gdzlemlemislerdir. Hamouche ve Bessaih (2008), laminer akis sartlarinda yatay
olarak yerlestirilmis bir kanalda elektronik bilesenlerin karisik 1s1 tasinimi ile sogutulmasini
incelemek tizere yerlestirilen iki adet ¢ikintidan olusan 1s1 kaynaginin 1s1 transferi performansini
sayisal olarak degerlendirmislerdir. Buna gore, elektronik bilesenlerin birbirleri arasindaki
mesafenin, boylarinin ve genisliklerinin degisiminin 1s1 transferini artirict yonde etki
edebildigini belirlemislerdir. Jang ve Yan (2004), sayisal olarak dikey dalgal bir yiizey
boyunca karigik 1s1 taginimi ve kiitle transferini arastirmislardir. Mevcut analiz i¢in sonlu farklar
yontemi kullanilmigtir. Kaldirma kuvveti oran1 N, genlik-dalga boyu orani a ve degistirilmis
Richardson (Ri*) sayis1 (Gr/Re?) bu problem igin 6nemli parametreler olarak belirlenmistir.
Calismada, kaldirma kuvveti oran1 N ve dalgali ylizeyin boyutsuz genliginin yerel Nu sayis1 ve
yerel Sherwood (Sh) sayisi iizerindeki etkileri ayrintili olarak incelenmistir. Zhang ve ark.
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(2022), dikey olarak konumlandirilmis daralan-genisleyen bir kanalda akis yoniinde ve akisa
ters yondeki akis i¢in karigik konveksiyonun etkisini sayisal olarak degerlendirmislerdir. Bir
diger calismada, Lee ve ark. (2021), acil1 kanatgiklara sahip bir kanaldaki dogal ve karisik
konveksiyonun 1s1 kuyusunun tasarim parametrelerindeki durumunu sayisal olarak
arastirmiglardir.

Bu ¢alismada, eskenar iicgen geometrili 1sinmis elektronik engel bileseninin karisik tasinim
akistyla sogutulmasi sayisal olarak arastirilmistir. Sayisal inceleme, zamandan bagimsiz,
laminer ve iki boyutlu olarak siireklilik, momentum ve enerji denklemlerinin Ansys-Fluent
bilgisayar programimin kullanilarak ¢oziilmesiyle yapilmistir. Ust tarafindan su girisi olan ve
tist giris sag kismindan 30° ve 60° agili olarak akis yonlendirici kanatgikli ve dikey akisli olarak
tasarlanmig bir kanal igerisine yerlestirilen eskenar licgen sekilli elektronik elemana sabit 1s1
akist (35,29 W/m?-105,88 W/m?) uygulanirken, kanalin diger yiizeyleri ve akis yonlendiriciler
ise adyabatiktir. Kullanilan su akiskan1 sikistirilamaz olup, kanala giris sicaklikgi 293 K’ dir.
Calismada kullanilan Reynolds sayist (Re) degeri 100, degistirilmis Richardson sayist (Ri*)
aralig1 50-150, AGM (Akis Gegis Mesafesi) = W/a (kanal genisligi/kanat¢ik uzunlugu) araligi
ise 2 ve 4 olarak tasarlanmistir. Calismadan elde edilen sonuglar, literatiirdeki deneysel ve
sayisal sonuglarla kiyaslanmis ve sonuglarin birbirleriyle tutarli olduklari saptanmistir.
Richardson sayisina bagli olarak farkli AGM oranlar icin kanala yerlestirilen agili
kanatgiklarin, engellerin ortalama Nu sayilar1 (Num) ve akiskan sicakliklart (Tm) tizerindeki
etkisinin degisimleri incelenmistir. Ayrica, incelenen iki farklt AGM, Re=100 ve Ri*=150 i¢in
kanatgiksiz ve kanatgiklt durumlarda hiz ve sicaklik konturu dagilimlart gorsellestirilerek
detayl1 bir sekilde degerlendirilmistir.

2. SAYISAL YONTEM

Kanalin iist girisinden {iniform olarak sabit uo hiz1 ile génderilen akiskan akim1 sonucu meydana
gelen zorlanmig tasinim ile 1sinmis olan elektronik elemandan kaldirma kuvvetinin etkisiyle
olusan dogal tasinim akimlartyla birlikte karigik tasiim olusmaktadir. Kanalin girisinden
itibaren yerlestirilen akis yonlendirici kanatgik ile hem akiskanin 1sinmis elektronik engel
elemanina dogru yonlendirilmesi; hem de kanalin orta kisminda akisin hizlandirilarak
zorlanmig tasinim hareketleriyle daha iyi bir karisik taginim akimi olusturulmasi planlanmistir.

Kanaldaki karigik taginimli 1s1 transferinin ¢éziimiinde Ansys-Fluent programi kullanilmistir.
Ayriklagtirma yontemi olarak momentum denklemleri i¢in “Second Order Upwind” yontemi
tercih edilmistir. Sayisal ¢oziimlerin yakinsamasi i¢in yakinsama kriteri momentum denklemi
i¢in 10 ve enerji denklemi igin 107 olarak alinmistir.

Bu calismada ele alinan akisin, zamandan bagimsiz, sikistirilamaz, iki boyutlu ve laminer
oldugu kabul edilmistir. Calismada, dikey olarak konumlandirilan kanalda yer ¢cekimi kuvveti
asag1 yonlii olarak modellenirken; kaldirma kuvvetinin etkisi de hesaba katilmistir.
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Kartezyen koordinatlarda zamandan bagimsiz, sikistirilamaz akis i¢in siireklilik, momentum ve
enerjinin korunumu denklemleri asagida verilmistir (Ozdemir ve ark., 2023).

Siuireklilik denklemi
ou ov
xTa,=0 (1)

Momentum denklemi

2 2 op

pugs+vyy)=—5+uvu 2)
2 2 ap

p(u£+v£)=—£+uvzv—pg (3)

Enerji denklemi

aT aT
u£+v£—a[

0%T = 0%T
ox2 T 8y 4)

Caligmada kullanilan boyutsuz sayilardan degistirilmis Grashof sayis1 (Gr*), Richardson sayis1
(Ri1*) ve Reynolds sayis1 (Re) asagidaki esitliklerde sunulmustur.

% __ g,BC'[D4
Gr* = et (5)
. __ GT"
Ri* = P (6)
Re = %2 (7

Burada, g yergekimi ivmesi (m/s?), £ 1s1l genlesme katsayis1 (1/K), ¢ 1s1 akist (W/m?), K 1s1
iletim katsay1s1 (W/mK), v kinematik viskozite (m?/s)’ dir.

Elektronik engel elemanlarin yiizeylerindeki ortalama 1s1 taginim katsayist Es. (8), Nusselt
sayist (Nu) ise Es. (9) vasitasiyla hesaplanacaktir.

__4q
"= T ®)

Nu sayisi, taginimla 1s1 gegisinin iletimle 1s1 gegisine orani olarak degerlendirilir.
oT h2a
—k (ﬁ)s = h(T,_T,) ve Nu = =2 (9)
Ortalama 1s1 taginim katsayist (hm)

hw = - J, * hda (10)

Ortalama Nu sayis1 (Num) Es. 8 ile hesaplanmaktadir.
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Nu.. = gD :hmZa
M k(T._T,) k

(11)

Bu esitliklerde, g 1s1 akisi, Uo dikey kanalin {ist kismindan giren akiskanin hizi (m/s), Te 1stnmis
engelin ortalama sicakligi iken To, su akiskaninin kanal girisindeki sicakligidir (K). a akiskanla
temasta olan eskenar {iggen sekilli yilizeyin karakteristik uzunlugu (m) olgiisti iken; U ve v
kartezyen koordinatlarda akiskanin x ve y yonlerindeki hizlaridir (m/s). k akiskanin 1s1 iletim
katsayis1 (W/mK), h yiizey iizerindeki yerel 1s1 tasinim katsayis1 (W/m?K), n ise yiizeye dik
yondiir.

Akis Gegis Mesafesi (AGM), kanal genisliginin kanatgik uzunluguna orani olup asagidaki gibi
ifade edilmektedir.

AGM == (12)

Burada, W kanal genisligi (m) ve b ise akis yonlendirici kanatgik uzunlugudur (m).

3. SAYISAL HESAPLAMA ALANI

Sayisal ¢oziimlemede kullanilan hesaplama alani Sekil 1 (a) ve (b)’ de gosterilmektedir. Sekil
1 (a)’ da akis yonlendirici kanat¢igin olmadigi ve Sekil 1 (b)’ de ise dikdortgen kesitli kanalin
sag dikey yiizeyiyle farkli ¢b agis1 yapan yonlendiricinin oldugu kanal kesiti sunulmaktadir.
Calismada yapilan kabuller ve sinir sartlar1 Tablo 1° de verilmektedir. Ayrica, dikdortgen kesitli
dikey kanalin, birbirine paralel dik sol yiizeyine yerlestirilmis olan eskenar iiggen sekilli ve
sabit 1s1 akisina sahip elektronik elemana calismada uygulanacak sinir kosullar1 Sekil 1 tizerinde
de belirtilirken; kanallara ve kanatgiga ait boyutsal 6lgiiler Tablo 2” de sunulmaktadir. Bununla
birlikte, sayisal hesaplamalarinda kullanilan tetragonal (diizglin dortyiizlii) ag yapist Sekil 2° de

gosterilmektedir.
Giris Giris
A A To, Uo [ A ] TO| Uo
H i,
! b
Yo6nlendirici
a
s >
g g
< W W
< - X
e it
Cikis Cikis
€) (b)

Sekil 1. Eskenar tiggen engelli dikey bir kanalda karisik tasinimli akis geometrisi
(a) Yonlendiricisiz (b) Yonlendirici kanatgikli
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Sekil 2. Calismada kullanilan ag yapisi seklinin gorsellestirilmesi

Tablo 1. Calismada yapilan kabuller ve sinir sartlar

a) Siirekli, iki boyutlu ve laminer akis hacmi kullanilmistir

b) Sikistirilamaz akiskan olarak su kullanilmigtir

€) Akiskanin 1si1l 6zellikleri sabit olup, sicakliktan bagimsizdir

d) Dikey kanalin ve yonlendirici kanatgiklarin yiizeyleri adyabatiktir

e) Kanalin ¢ikis basinci, atmosfer basincina esit olarak alinmistir (P¢=Patm)

f) Kanalin ¢ikisindaki sicaklik farkinin ihmal edilebilecek kadar az miktarda oldugu kabul
edilerek 0T/0y=0 olarak belirlenmistir

g) Kanal, kanatcik ve liggen yiizeylerinde kaymama sinir sart1 oldugu ve bu nedenle
bahsedilen ylizeylerde tiim hiz bileseni degerlerinin sifir oldugu kabul edilmistir.

h) Uggen engel yiizeylerine kanaldaki Re ve Ri* sayilarina bagl olarak Gr* sayisina
karsilik gelen sabit 1s1 akist uygulanmistir.

i) Akiskanin kanala giris sicakligi 293 K dir.

j) Suigin ¢alisilan Re=100" de akiskan giris hiz1 0,00201 m/s’ dir.

k) Kanal girisinde “velocity inlet” ve ¢ikisinda ise “pressure outlet” sinir sart1 gegerlidir.

I) Dikey kanala asag1 yonli yergekimi ivmesi uygulanmistir

Tablo 2. Dikey kanala ve kanat¢iga ait boyutsal 6l¢iiler

Degisken Olcii (mm)
D 25
L 1000
W 50
H 1800
a 25
b 12,5 ve 25
® 300-60°

4. SONUCLARIN DOGRULANMASI

Calismanin sonuglari, Rosas ve ark. (2017)’ nin deneysel ¢alismasi ile Ozdemir ve ark. (2023)
tarafindan sonlu hacimler yontemini kullanan FIoEFD paket programiyla elde ettikleri sayisal
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sonuclarla Sekil 3 ‘de goriildigi gibi karsilagtirilmistir. Calismada kullanilan dikey kanalin
yiiksekligi 1,8 m ve genisligi ise 0,05 m iken; yar1 silindirik engel {ist kanal giriginden itibaren
1 m asagida tasarlanmistir. Ozdemir ve ark. (2023)’ nin sayisal ¢alismasiyla olan farkliliklarin
ag sayis1 ve yapisina bagli olarak 6zellikle yiiksek Ri* sayilarinda olusan girdap bolgelerinden
kaynaklandig1 distiniilmektedir. Sunulan caligma ile Rosas ve ark. (2017)’ nin deneysel
calismasinin birbirleriyle olduk¢a uyumlu olduklar1 belirlenmistir. Bu nedenle, ¢alismanin
dogru ve kabul edilebilir oldugu sonucuna ulasilmistir.

40

e (zdEMIr Ve ark.(2023)
[ eeesees Rosas ve ark.(2017)

35

Sunulan Galisma

30

25| rCEEEA o

1 1 1 1 1
50 100 150 200 250 300 350
Ri*

Sekil 3. Calismanin sonuglarinin dogrulanmasi

Sonuglarin ag sayisindan bagimsizligini saglamak amaciyla engelin ortalama Nu sayisinin
(Num) ag sayisiyla degisimi incelenerek en uygun ag sayist belirlenmistir. Bu amagla, Nu
sayisinin Ri* sayisina bagli olarak ag sayisiyla degisimi Tablo 3¢ de verilmistir. Buna gore,
842285 adet ag sayisinin 1062252 adet ag sayisiyla kiyaslandiginda Num sayis1 degisimi %0,1’
den daha az oldugundan 842285 adet ag sayisinin yonlendirici kanatgiksiz kanal i¢in yeterli
oldugu sonucuna varilmastir.

Tablo 3. Engelin ortalama Nu sayisinin (Num) ag elemani sayisina bagli olarak Ri* sayisiyla

degisimi
Ag sayisi Ri*=50-Num Ri*=100- Ri*=150-
Num Num
289071 2,82144 5,602417 8,247801
643624 2,88058 5,610262 8,257397
842285 2,88104 5,610547 8,257454
1062252 2,88105 5,610551 8,257425

5. ARASTIRMA VE BULGULAR

Sekil 4° de sol dikey yiizeyinde 1sinmis bir {iggen engel bulunan bir kanalda kanatgiksiz ve
kanala dikey olarak sag taraftaki yiizeyle 30° ve 60° agilarinda akis yonlendirici kanatgik
yerlestirilmis durumda degistirilmis Richardson sayis1 (Ri*) ve akis gecis mesafesine (AGM)
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bagli olarak ortalama Nu sayisinin (Num) degisimi gosterilmektedir. Ri* sayisi, zorlanmis
taginimin dogal tasinima gore 6nemini ifade etmektedir. Buna bagl olarak, Ri* sayisi arttikga
Gr sayisinin artisina bagli olarak Nu sayis1 da artis sergilemektedir. Bununla birlikte, kanalin
sag yiizeyine yerlestirilen kanatgik akisi 1sinmis engel lizerine yonlendirerek karisik taginim
etkilerinin artirilip 1s1 transferi etkisinin artis1 saglanabilmektedir. Bu nedenle, kanatgikli
kanallarda her iki AGM orani i¢in de daha yiiksek Num sayis1 degerlerine ulasilabilmektedir.
AGM orani 2 ve 60° agil1 kanatgikli durumda, AGM orani 4 olan duruma gore yergekimine ters
yondeki kaldirma kuvvetlerinin etkisiyle akis yoniindeki zorlanmis tasinim etkilerine baglh
olarak olusan karigik tasinim etkisinin 1s1 transferini arttirici etkisi Num sayisinin daha fazla
olmasini1 saglamaktadir. 30° a¢ili kanatgikli yonlendiricili durumda ise AGM orani 4 olanin
kanatciksiz duruma gore 1s1 transferini artiric etkisi daha fazladir. Ri*=150 i¢in AGM=2 ve 60°
acilt kanat¢ikli durumda Num sayisi, kanatciksiz durumdakine gore %3,13 daha fazla
olmaktadir. Bunun yani sira, AGM’ nin 4 oldugu durumda Ri*=100 ve 30° a¢ili durumda
kanatciksiz duruma goére Num sayisinin %2,34 daha yiiksek oldugu belirlenmistir.

9.0 | 9.0

g5 m—anateiksiz J
sol T 303 AT 30"
: 60 - 8.0F 60°

B 5[ — Ka_patgkswz

5
0
6.5F
6.0F
55F
50F
45F
40¢F
35
3.0
25¢F
2,0

T5F
T0F
6.5F
6,0F
55¢F
50¢F
45
40F
35¢
3.0

Num
Num

(a) 25t (b)

‘ ’ : 2.0 . . .
50 74 100 125 150 50 75 100 125 150

Ri* Ri*

Sekil 4. Ortalama Nu sayisinin (Num) Ri* sayisi, kanat¢ik agisi ve
AGM oranina gore degisimi () AGM=2 (b) AGM=4

Kanal boyunca ortalama akiskan sicakliklarmin (Tm), Ri* sayisi, farkli akis yonlendirici
kanatcik acilart ve AGM oranlarina gore degisimleri Sekil 5 de verilmektedir. Ri sayisinin
artmastyla dogal tasinim akimlarimin zorlanmis tasinima baskin gelerek artmasi sonucu
akiskana olan 1s1 transferi artmaktadir. Boylece, kanaldaki akiskan sicakliklarinda artig
goriilmektedir. Bununla birlikte, kanat¢ikli akis yonlendiricili durumlarda kanatciksiz kanallara
gore daha yiiksek akiskan sicakliklari elde edilirken; 60° agili kanatgikli kanallarda genel
itibariyle her iki AGM orani i¢in de ulasilan akigkan sicakliklar1 daha yiiksek olmaktadir.
Ancak, AGM=4 i¢in 30° kanat¢ik acgili durumda akisin kanalda engele yonlendirilmesi
durumuna paralel olarak Ri* sayisindaki artigla dogal tasinim akimlarinin zorlanmis taginima
gore daha baskin olmasi engel etrafinda karisik tasinim etkilerini artirarak akiskan sicakliginin
daha yiiksek olmasin1 saglamistir.
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Sekil 5. Kanal boyunca ortalama akiskan sicakliklarinin (Tm) Ri* sayisi, kanatcik agis1 ve
AGM oranina gore degisimi () AGM=2 (b) AGM=4

Sekil 6 da Ri* sayisinin 150 ve Reynolds sayisinin 100 oldugu durumlar i¢in (a) kanatgiksiz
kanal (b) ¢=30°, AGM=2 (c) ¢$=60°, AGM=2 (d) ¢$=30°, AGM=4 (e) $=60°, AGM=4
sartlarinda kanaldaki hiz konturu dagilimlart gosterilmektedir. Kanatgiksiz kanalda kanalin tist
kismindan giren akiskanin hizi azalarak devam ederken engelin oldugu kesitte, kesit
daralmasindan dolay:1 akigkan hizinda artis olmaktadir. Bununla birlikte, iicgen engelin iist
kisminda yiiksek Ri sayisina bagli olarak artan kaldirma kuvvetinin etkisiyle kii¢lik bir girdap
bolgesi olusumu goriilebilmektedir. Kanalin sag iist tarafina 30° a¢ili ve AGM=2 olan kanatgik
eklendiginde kanala giren akiskanda ani kesit daralmasindan 6tiirii kanat¢iga yakin kisimlarda
hiz artiglar1 olmaktadir. Akiskan, kanatgikla daha diizenli bir sekilde engel kismina dogru
yonlendirilebildiginden akis hizi kanatciksiz duruma gore daha diisiik fakat akiskan gecisi
homojendir. AGM=2 oraninda olup ancak a¢1 60°” ye artirildiginda akiskan gegis kesiti 30° a¢1
durumuna gore daha fazla daraldigindan engel kisminda akis hizlanmasi artarken; 1sinmis
engelin {ist kisminda kaldirma kuvvetlerine bagl olarak daha genis alana yayilmis bir girdap
bolgesi olugsmaktadir. 30° ag1 degerinde AGM orani 4’ e ¢ikarildiginda yani kanatgik uzunlugu
azaltildiginda Ozellikle iiggen engele kadarki kanalin giris bolgesinde akista karigik fakat
hizlanmanin oldugu kisimlar meydana gelmektedir. Aynt AGM oraninda (AGM=4) a¢1 degeri
artirilarak 60° oldugunda ise kanal girisindeki hizlanmis akig bolgesinin siddeti azalarak
AGM=2" ye benzer bir hiz konturu dagilimi elde edilmektedir.
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Sekil 6. Hiz konturu dagilimlar1 Ri*=150 ve Re=100 (a) kanat¢iksiz kanal
(b) $=30°, AGM=2 (c) $=60°, AGM=2 (d) $=30°, AGM=4 (e) $=60°, AGM=4

(a) kanatgiksiz kanal (b) ¢p=30°, AGM=2 (c) $=60°, AGM=2 (d) $=30°, AGM=4 (e) $p=60°,
AGM=4 i¢in Ri*=150 ve Re=100 degerlerinde karigik tasinimli kanaldaki sicaklik konturu
dagilimlar1 Sekil 7° de sunulmaktadir. Kanat¢iksiz durumda oOzellikle tiggen engelin {ist
kisminda olusan girdap bolgesine bagli olarak akigkanda ve bu duruma paralel liggen engelin
tist yiizeyinde sicaklik artmaktadir. 30° kanatgik agis1 ve AGM=2" de akis hizlanmasina bagl
olarak hem kanal icerindeki akigkanda hem de engel yiizeyinde soguma artmaktadir. Ayni1
AGM oraninda kanatcik ag1 degeri artirildiginda ise Ri* sayisina bagl kaldirma kuvvetleri
zorlanmig taginima baskin gelerek olusan girdap bolgesi akisin kendi i¢inde hareketine sebep
olarak engel etrafinda daha sicak akiskan bolgesi olugturmaktadir. Bu durum da engelden olan
1s1 transferini azaltmaktadir. AGM=4 ve 30° kanatgik agisinda kanalin giris bolgesinde
meydana gelen karisik tasinim hareketiyle 6zellikle engelin iist yiizeyinde daha diisiik sicaklik
degerleri elde edilmektedir. Akis gecis orani ayni kalmak tizere (AGM=4) a¢1 degeri artirilarak
60° oldugunda engelin iizerinde kaldirma kuvvetine bagh olusan girdap bolgesi, kanalin {ist
kismindan gelen zorlanmis akiskan hareketi
ylizeylerinde sicakliklar artmaktadir.

tarafindan baskilanamadigindan engel
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Sekil 7. Sicaklik konturu dagilimlar1 Ri*=150 ve Re=100 (a) kanatgiksiz kanal
(b) $=30°, AGM=2 (c) ¢$=60°, AGM=2 (d) $=30°, AGM=4 (e) $=60°, AGM=4
6. GENEL DEGERLENDIRME SONUCLAR

Calismadan ulasilan sonuclar asagidaki sekilde 6zetlenebilir:
- Ri* say1s1 arttik¢a Gr sayisinin artigina bagli olarak Nu sayis1 da artis sergilemektedir.

- AGM orani 2 ve 60° agili kanat¢ikli durumda, AGM orani 4 olan duruma gore yergekimine
ters yondeki kaldirma kuvvetlerinin etkisiyle akis yoniindeki zorlanmis tasinim etkilerine bagl
olarak olusan karigik tasinim etkisinin 1s1 transferini arttirici etkisi Num sayisinin daha fazla
olmasini saglamaktadir.

- 30° ag1l1 kanatgikli yonlendiricili durumda ise AGM orani 4 olanin kanatgiksiz duruma gore
1s1 transferini artirict etkisi daha fazladir.

- Ri*=150 igin AGM=2 ve 60° agil1 kanatgikli durumda Num sayisi, kanat¢iksiz durumdakine
gore %3,13 daha fazla olmaktadir.

- AGM’ nin 4 oldugu durumda Ri*=100 ve 30° agili durumda kanatgiksiz duruma gore Num
sayisinin %2,34 daha yiiksek oldugu belirlenmistir.
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- Ri sayisinin artmasiyla dogal tasinim akimlarinin zorlanmig taginima baskin gelerek artmasi
sonucu akiskana olan 1s1 transferi artmaktadir. Boylece, kanaldaki akigskan sicakliklarinda artis
goriilmektedir.

- Kanatcikli akis yonlendiricili durumlarda kanatgiksiz kanallara goére daha yiiksek akiskan
sicakliklart elde edilirken; 60° agil1 kanatgikli kanallarda genel itibariyle her iki AGM orani i¢in
de ulasilan akigkan sicakliklar1 daha ytiksek olmaktadir.

- AGM=4 i¢in 30° kanatgik agili durumda akisin kanalda engele yonlendirilmesi durumuna
paralel olarak Ri* sayisindaki artisla dogal tasinim akimlarinin zorlanmis tasinima gore daha
baskin olmasi engel etrafinda karisik tasinim etkilerini artirarak akigkan sicakliginin daha
yiiksek olmasini saglamistir.

Hiz konturu dagilim1 incelendiginde;

-Uggen engelin iist kisminda yiiksek Ri sayisina bagli olarak artan kaldirma kuvvetinin etkisiyle
kiigiik bir girdap bolgesi olusumu goriilebilmektedir.

Kanalin sag iist tarafina 30° agili ve AGM=2 olan kanatgik eklendiginde kanala giren akiskanda
ani kesit daralmasindan 6tiirii kanat¢iga yakin kisimlarda hiz artiglar1 olmaktadir.

-AGM=2 oraninda olup ancak a¢1 60°’ ye artirildiginda akiskan gegis kesiti 30° a¢1 durumuna
gore daha fazla daraldigindan engel kisminda akis hizlanmasi artarken; 1sinmis engelin {ist
kisminda kaldirma kuvvetlerine bagl olarak daha genis alana yayilmis bir girdap bolgesi
olusmaktadir.

-30° ag1 degerinde AGM oram1 4’ ¢ ¢ikarildiginda yani kanat¢ik uzunlugu azaltildiginda
ozellikle liggen engele kadarki kanalin giris bolgesinde akista karisik fakat hizlanmanin oldugu
kisimlar meydana gelmektedir.

-Aynt AGM oraninda (AGM=4) a¢1 degeri artirilarak 60° oldugunda ise kanal girisindeki
hizlanmis akis bolgesinin siddeti azalarak AGM=2" ye benzer bir hiz konturu dagilimi elde
edilmektedir.

Sicaklik konturu dagilimma bakildiginda ise;

-Kanatciksiz durumda 6zellikle tiggen engelin iist kisminda olusan girdap bdlgesine bagli olarak
akigkanda ve bu duruma paralel iiggen engelin {ist yilizeyinde sicaklik artmaktadir.

-30° kanatgik agist ve AGM=2" de akis hizlanmasina bagl olarak hem kanal icerindeki
akigkanda hem de engel yiizeyinde soguma artmaktadir.
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-Aynt AGM oraninda kanatcik ag¢i degeri artirildiginda ise Ri* sayisina bagli kaldirma
kuvvetleri zorlanmig tasimima baskin gelerek olusan girdap bolgesi akisin kendi iginde
hareketine sebep olarak engel etrafinda daha sicak akigkan bolgesi olusturmaktadir. Bu durum
da engelden olan 1s1 transferini azaltmaktadir.

-AGM=4 ve 30° kanat¢ik ag¢isinda kanalin giris bolgesinde meydana gelen karigik tasinim
hareketiyle 6zellikle engelin iist ylizeyinde daha diisiik sicaklik degerleri elde edilmektedir.

-Akis gegis orani ayni kalmak tizere (AGM=4) a¢1 degeri artirtlarak 60° oldugunda engelin
tizerinde kaldirma kuvvetine bagli olusan girdap bolgesi, kanalin {ist kismindan gelen zorlanmig
akiskan hareketi tarafindan baskilanamadigindan engel yiizeylerinde sicakliklar artmaktadir.
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OZET

Gilinlimiizde enerjinin etkin bir bicimde kullanilmasiyla 1s1 ve akis uygulamalarinda yeni
yaklagimlarla gelistirilmis ekipmanlarin verimliliklerinin artirilarak, isletme maliyetleri diisiik,
dogaya duyarli ve giivenligi yliksek iiriinler gelistirilmesi caligmalar1i yogunlagmustir.
Elektronik eleman 6gelerinin sogutulmasi durumunda pratikte bir¢ok 1s1 yayan bilesen dizileri
dikey veya egimli paralel plaka kanallarina konumlandirilmaktadir. Bu ¢alismada, dikey bir
kanal icerisinde eskenar tiggen sekilli iki adet engel elemaninin karisik taginim ile 1s1 transferi
ve kanal icerisindeki akis karakteristikleri sayisal olarak irdelenmistir. Akisin kanal igerisinde
bulunan 1sinmis engel elemanina yonlendirilmesinin ve karigik taginim etkisinin iyilestirilmesi
amaciyla kanal igerisine {ist giris kismindan 30°, 45° ve 60° agili akis yonlendirici kanatgik
yerlestirilmistir. Sayisal inceleme, zamandan bagimsiz, laminer ve iki boyutlu olarak siireklilik,
momentum ve enerji denklemlerinin Ansys-Fluent bilgisayar programi kullanilarak
¢cOziilmesiyle gergeklestirilmistir. Dikey kanaldaki eskenar iiggen sekilli elektronik engel
elemanlarina sabit 1s1 akist uygulanirken, kanalin diger ylizeyleri ve akis yonlendiriciler ise
adyabatiktir. Kanalda kullanilan su akiskani sikistirilamaz olup, kanala giris sicakligi 293 K’
dir. Calisma, Reynolds sayisinin (Re) 500 degeri, degistirilmis Richardson sayisinin (Ri*) 50-
200 ve AGM (Akis Gegis Orani)’ nin 3,33 ve 4 araligindaki degerleri i¢in gerceklestirilmistir.
Iki engel aras1 mesafe sabit alinmistir. Calismadan elde edilen sonuglar, literatiirdeki deneysel
ve sayisal sonuglarla karsilagtirilmis ve sonuglarin birbirleriyle uyumlu olduklar1 belirlenmistir.
Sonuglar, Ri* sayisina bagl olarak farkli AGM oranlart i¢in kanala yerlestirilen acili akis
yonlendirici kanatgiklarin 1sinmis engellerin ortalama Nu sayilar1 (Num) ve kanal boyunca
ortalama akiskan sicakliklar1 (Tm) lizerindeki etkileri agisindan arastirilmistir. Ayrica, incelenen
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iki farklt AGM ve Ri*=200 i¢in kanatciksiz ve kanatgiklt durumlarda dikey kanallardaki hiz ve
sicaklik konturu dagilimlari detayli bir sekilde incelenmistir. Ri*=200 ve AGM=3,33 igin 30°
acilt durumda kanatgiksiz duruma gore Num sayisinin %5,61 daha fazla oldugu ve AGM=4
oldugunda Nunm sayist icin bu degerin %5,82° ye ¢iktig1 saptanmistir.

Anahtar Kelimeler: Karisik tasinim, Uggen engel, Is1 transferi, Akis yonlendirici, Kanatgik.

ABSTRACT

Nowadays, efforts to develop products with low operating costs, environmental friendliness,
and high safety by increasing the efficiency of equipment in heat and flow applications by using
energy effectively have intensified. In this study, mixed convection heat transfer and flow
characteristics of two equilateral triangular-shaped obstacle elements in a vertical channel were
numerically investigated. To direct the flow to the channel's heated obstacle element and
improve the mixed convection effect, 30°, 45° and 60° angled flow director fin was placed in
the channel from the upper entrance. Using the Ansys-Fluent computer program, numerical
analysis was carried out by solving steady, laminar and two-dimensional continuity, momentum
and, energy equations. While constant heat flux is applied to the equilateral triangle-shaped
electronic barrier elements in the vertical channel, other surfaces of the channel and flow
directors are adiabatic. The water fluid used in the channel is incompressible and the entrance
temperature to the channel is 293 K. The study was carried out for Reynolds number (Re) of
500, modified Richardson number (Ri*) of 50-200 and FPR (Flow Passage Ratio) values of
3.33 and 4. The results obtained from the study were compared with the experimental and
numerical results in the literature and it was determined that the results were compatible with
each other. The results were investigated in terms of the effects of angled flow directors placed
in the channel for different FPR ratios depending on the Ri* number, on the mean Nu numbers
of heated obstacles (Num) and mean fluid temperatures (Tm) along the channel. In addition, the
velocity and temperature contour distributions in vertical channels were examined in detail for
the two different FPRs and examined Ri*=200 in cases without and with fins. It was determined
that for Ri*=200 and FPR=3.33, the Num number was 5.61% higher in the 30° angle case than
in the case without fins, and when FPR=4, this value increased to 5.82% for the Num number.

Keywords: Mixed convection, Triangle obstacle, Heat transfer, Flow director, Fin.
1. GIRIS

Bilim adamlarinin bugiin yaptig1 son arastirmalara gore diinyadaki enerji tiiketimindeki artis,
teknolojinin ilerlemesiyle her gegen giin artmaktadir. Ayrica, fosil yakit tiiketimindeki
hakimiyet ve siireklilik ¢evresel yikim ve kiiresel 1sinmaya sebep olmaktadir. Bu nedenle,
gelismis ve gelismekte olan iilkeler basta olmak {izere tiim iilkeler enerji ihtiyacini kontrol altina
almak ve enerjiyi daha verimli kullanmak i¢in bazi yontemler gelistirmektedir (Kursun ve ark.
2024).
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Elektronik bilesenlerin sogutulmasi, daha hizli, daha kiigiik ve daha gilivenilir sistemlerin
gelismesinin  saglanmasi bakimindan olduk¢a oOnemlidir. Bdylece, cihazdan elde edilen
verimlilik artarken; bu durum zaman ve maddi agidan kazang elde edilmesine sebep olacaktir.
Bununla birlikte, elektronik bilesenlerin 1s1 transferi uygulamalarinda, 1s1 yayan bilesen dizileri
dikey veya egimli paralel plaka kanallarina yerlestirilmektedir.

Bunun yani1 sira, kanal i¢i akis ve 1s1 transferi uygulamalarinda dogal ve zorlanmig tasinimin
birlikte uygulandigi karisik tasinim uygulamalart son zamanlarda arastirmacilar ve
uygulamacilar tarafindan yogun olarak degerlendirilen tasarimlar arasinda yer almaktadir.
Karigik tasmimla 1s1 transferi iizerine yapilan arastirmalar, 1s1 esanjorleri, kimyasal isleme
ekipmanlari, glines enerjisi toplayicilarinin ve elektronik sogutma vb. gibi uygulamalar bir¢cok
mithendislik alaninda giderek daha fazla ilgi gormektedir. Boylece, 1sinmis olan bilesenler
tarafindan etrafindaki akiskan ile olan sicaklik farkina dayali olarak gerceklesen dogal taginimla
olan 1s1 transferinin engellenmeden zorlanmis tasinimla desteklenerek 1s1 transferi
artirilabilmektedir.

Literatiirde bir kanalda karisik taginimla 1s1 transferi birgok arastirmaci tarafindan incelenmistir.
Bunlardan birinde, 1s1 kaynag1 igeren bir kanal i¢in laminer zorlanmig akisin, dogal, karisik ve
zorlanmig taginim bdlgeleri boyunca kaldirma kuvveti kaynakli dogal konveksiyon hareketi
tizerindeki etkileri Choi ve Ortega tarafindan sayisal olarak incelenmistir (Choi ve Ortega,
1993). Sonuglar, 1s1 kaynaginin ortalama Nusselt (Nu) sayisinin egim agisina biiyilik 6l¢iide
bagli oldugunu gostermistir. Papanicolaou ve Jaluria, (1993) yalitilmis ve sabit degerde bir 1s1
kaynag1 iceren dikddrtgensel bir sistemdeki karigik tasinimi incelemislerdir. Auletta ve ark.
(2001) dik olarak konumlanmis ve simetrik olarak 1sitilan asag1 yonlii akisi olan bir kanalda
adyabatik olarak genislemenin 1s1 transferi {lizerindeki etkilerini sayisal olarak analiz
etmislerdir. Yapilan analizler sonucunda kanaldaki uzama ve genisleme miktarlarina gore 1s1
transferinde %10-20 arasinda bir artis oldugunu belirlemislerdir. Egimli bir kanalda laminer
akis sartlarinda birbirine es iki 1s1 kaynaginin karisik tasinimla sogutulmasi Boutina ve Bessaih,
(2011) tarafindan degerlendirilmistir. Is1 kaynag: olgiileri ve aralarindaki uzakligin yaninda
kanal egiminin de 1s1 transferine belirgin etkileri oldugu saptanmistir. Forooghi ve Hooman,
(2013) tiirbtilanslt akisin oldugu iki dalgali plaka arasinda kaldirma kuvvetlerinin de etkisini
dikkate alarak 1s1 transferini sayisal olarak irdelemislerdir. Calismalarinda kaldirma
kuvvetlerinin 1s1 transferi iizerinde degisen etkisini gozlemlemislerdir.

Bu calismada, eskenar iliggen geometrili ve iki sirali 1sinmis elektronik bilesenlerin karigik
taginim akisiyla 1s1 transferi sayisal olarak incelenmistir. Sayisal inceleme, zamandan bagimsiz,
laminer ve iki boyutlu olarak enerji ve momentum denklemlerinin Ansys-Fluent bilgisayar
programinim kullanilarak ¢oziilmesiyle gergeklestirilmistir. Ust tarafindan su girisi olan ve iist
giris sag kismindan 30°, 45° ve 60° agil1 akis yonlendiricili dikey akisli olarak tasarlanmis bir
kanal igerisine yerlestirilen eskenar iicgen sekilli iki adet elektronik elemana sabit 1s1 akisi
uygulanirken (882,373 W/m?-3529,49 W/m?), kanalin diger yiizeyleri ve akis yonlendiriciler
ise adyabatiktir. Kullanilan su akiskani sikistiritlamaz olup, kanala giris sicakligi 293 K’ dir.
Calismada kullanilan Reynolds sayist (Re) degeri 500, degistirilmis Richardson sayist (Ri*)

PROCEEDING BOOK Academy Global Publishing House | 76




| LONFER;
o Ay
& &

-
o,
=
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

— Y

aralig1 50-200, AGM (Akis Gegis Oran1) = W/a (kanal genisligi/kanatcik uzunlugu) aralig ise
3,33 ve 4 olarak tasarlanmistir. Richardson sayisina bagli olarak farkli AGM oranlar i¢in
kanala yerlestirilen acil1 akis yonlendirici kanatgiklarin engellerin toplam ortalama Nu sayilari
(Num) ve akigskan sicakliklar1 (Tm) {izerindeki etkisinin degisimleri incelenmistir. Ayrica,
incelenen iki farkli AGM, Re=500 ve Ri*=200 i¢in kanat¢iksiz ve kanat¢ikli durumlarda hiz ve
sicaklik konturu dagilimlar1 gorsellestirilerek detayl bir sekilde incelenmistir.

2. SAYISAL YONTEM

Kanalin iist girisinden tiniform olarak sabit uo hizi ile gonderilen akiskan akimi sonucu meydana
gelen zorlanmis taginim ile 1sinmig olan elektronik elemanlardan kaldirma kuvvetinin etkisiyle
olusan dogal taginim akimlartyla birlikte karigik tasmim olusmaktadir. Kanalin girisinden
itibaren yerlestirilen akis yonlendirici kanatgiklarla, hem akigkanin 1sinmis elektronik engel
elemanlarina dogru yonlendirilmesi; hem de kanalin orta kisminda akisin hizlandirilarak
zorlanmis tasinim hareketleriyle daha iyi bir karisik tasinim akimi olusturulmasi planlanmistir.

Kanaldaki karigik taginimli 1s1 transferinin ¢oziimiinde Ansys-Fluent programi kullanilmistir.
Ayriklagtirma yontemi olarak momentum denklemleri i¢in “Second Order Upwind” yontemi
tercih edilmistir. Sayisal ¢6ziimlerin yakinsamasi i¢in yakinsama Kriteri momentum denklemi
i¢in 10 ve enerji denklemi icin 107 olarak alinmistir.

Bu calismada ele alinan akisin, zamandan bagimsiz, sikistirilamaz, iki boyutlu ve laminer
oldugu kabul edilmistir. Calismada, dikey olarak konumlandirilan kanalda yer ¢ekimi kuvveti
asag1 yonlii olarak modellenirken; kaldirma kuvvetinin etkisi de hesaba katilmistir.

Kartezyen koordinatlarda zamandan bagimsiz, sikistirilamaz akis i¢in siireklilik, momentum ve
enerjinin korunumu denklemleri asagida verilmistir (Ozdemir ve ark., (2023)).

Sureklilik denklemi
ou ov
axtay =0 )

Momentum denklemi

3 3 ap

puss+viy) = -5+ 2)
3 3 ap

p(u£+v£)=—£+uvzv—pg ()

Enerji denklemi

oT aT
ua+v£—a[

92T = 92T
ox2 " oy? 4)
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Calismada kullanilan boyutsuz sayilardan degistirilmis Grashof sayis1 (Gr*), Richardson sayis1
(Ri*) ve Reynolds sayis1 (Re) asagidaki esitliklerde sunulmustur.

* gﬁqD4
Gr* = P (5)
. _ Gr*
Ri" = — (6)
Re = %2 ©)

Burada, g yercekimi ivmesi (m/s?), S 1s1l genlesme katsayis1 (1/K), ¢ 1s1 akist (W/m?), K 1s1
iletim katsayis1 (W/mK), v kinematik viskozite (m?/s)’ dir.

Elektronik engel elemanlarin yiizeylerindeki ortalama 1s1 taginim katsayisi Es. (8), Nusselt
sayist (Nu) ise Es. (9) vasitasiyla hesaplanacaktir.

. q
h=a ®)

Nu sayisi, tasinimla 1s1 gecisinin iletimle 1s1 gecisine orani olarak degerlendirilir.

h2a

aT
—k (5) = h(T,_T,) ve Nu =2 9)
Ortalama 1s1 taginim katsayisi (hm)
P = 2% hda (10)

Ortalama Nu sayis1 (Num) Es. 8 ile hesaplanmaktadir.

1D hm2a
Nu,, = 17 Mm2d

T k(T._T,) k (11)

Bu esitliklerde, g 1s1 akisi, Uo dikey kanalin ist kismindan giren akigkanin hizi (m/s), Te 1sinmis
engelin ortalama sicaklig1 iken To, su akigkaninin kanal girisindeki sicakligidir (K). a akigkanla
temasta olan eskenar tiggen sekilli yiizeyin karakteristik uzunlugu (m) 6lgiisti iken; u ve v
kartezyen koordinatlarda akigskanin x ve y yonlerindeki hizlaridir (m/s). k akigkanin 1s1 iletim
katsayis1 (W/mK), h yiizey iizerindeki yerel 1s1 tasinim katsayis1 (W/m?K), n ise yiizeye dik
yondyir.

Akis Gegis Mesafesi (AGM), kanal genisliginin kanatgik uzunluguna orani olup asagidaki gibi
ifade edilmektedir.

AGM == (12)

Burada, W kanal genisligi (m) ve b ise akis yonlendirici kanatgik uzunlugudur (m).
3. SAYISAL HESAPLAMA ALANI
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Sayisal ¢oziimlemede kullanilan hesaplama alani Sekil 1 (a) ve (b)’ de gosterilmektedir. Sekil
1 (a)’ da akis yonlendirici kanat¢igin olmadigi ve Sekil 1 (b)’ de ise dikddrtgen kesitli kanalin
dikey yiizeyleriyle farkli ¢ acis1 yapan yonlendiricinin oldugu kanal kesiti sunulmaktadir.
Calismada yapilan kabuller ve sinir sartlar1 Tablo 1° de verilmektedir. Ayrica, dikdortgen kesitli
dikey kanalin, birbirine paralel dik sol yiizeyine yerlestirilmis olan iki adet eskenar liggen sekilli
ve sabit 1s1 akisina sahip elektronik elemanlara ¢alismada uygulanacak sinir kosullar1 Sekil 1
tizerinde de belirtilirken; kanallara ve kanatgiga ait boyutsal dlgiiler Tablo 2’ de sunulmaktadir.
Bununla birlikte, sayisal hesaplamalarinda kullanilan tetragonal (diizgiin dortyiizlii) ag yapisi
Sekil 2° de gosterilmektedir.

Giris Giris
. To, Uo / To, Uo

I I,

Yonlendirici

g9

W
X
Y 1 l Y 1 1 L» y
Cikis Cikis
(a) (b)

Sekil 1. Sol yiizeyinde ikili eskenar iicgen engeller bulunan dikey bir kanalda karisik taginimli
akis geometrisi (a) Yonlendirici kanatgiksiz (b) Ac¢ili yonlendirici kanatgikl

Sekil 2. Calismada kullanilan ag yapisi seklinin gorsellestirilmesi
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Tablo 1. Calismada yapilan kabuller ve sinir sartlari

Stirekli, iki boyutlu ve laminer akis hacmi kullanilmistir

Sikistirllamaz akiskan olarak su kullanilmistir

Akiskanin 1s1l 6zellikleri sabit olup, sicakliktan bagimsizdir

Dikey kanalin ve yonlendirici kanatgiklarin yiizeyleri adyabatiktir

Kanalin ¢ikis basinci, atmosfer basincina esit olarak alinmistir (P¢=Patm)

Kanalin ¢ikisindaki sicaklik farkinin ihmal edilebilecek kadar az miktarda oldugu kabul
edilerek 0T/0y=0 olarak belirlenmistir

Kanal, kanatcik ve eskenar iicgen yiizeylerinde kaymama sinir sart1 oldugu ve bu
nedenle bahsedilen yiizeylerde tiim hiz bileseni degerlerinin sifir oldugu kabul
edilmistir.

h)

Ucgen engel yiizeylerine kanaldaki Re ve Ri* sayilarina bagli olarak Gr* sayisina
karsilik gelen sabit 1s1 akis1 uygulanmistir.

i)

Akiskanin kanala giris sicakligi 293 K dir.

)

Su i¢in ¢alisilan Re=500" de akiskan giris hiz1 0,010048 m/s’ dir.

K)

Kanal girisinde “velocity inlet” ve ¢ikisinda ise “pressure outlet” sinir sart1 gecerlidir.

Dikey kanala asag1 yonlii yer¢ekimi ivmesi uygulanmistir

Tablo 2. Dikey kanala ve kanat¢iga ait boyutsal 6l¢iiler

Degisken Olcii (mm)
D 25
L 1000
W 50
H 1800
a 25
b 15ve 12,5
& 30°, 45° ve 60°

4. SONUCLARIN DOGRULANMASI

Calismanin sonuglar1, Rosas ve ark. (2017) nin deneysel ¢alismasi ile Ozdemir ve ark. (2023)
tarafindan sonlu hacimler yontemini kullanan FIoEFD paket programuiyla elde ettikleri sayisal
sonuclarla Sekil 3 ‘de goriildiigi gibi karsilagtirilmistir. Calismada kullanilan dikey kanalin
yiiksekligi 1,8 m ve genisligi ise 0,05 m iken; yar1 silindirik engel {ist kanal girigsinden itibaren

1 m asagida tasarlanmistir. Ozdemir ve ark. (2023)’ nin sayisal calismasiyla olan farkliliklarin
ag sayis1 ve yapisina bagli olarak 6zellikle yiiksek Ri* sayilarinda olusan girdap bolgelerinden
kaynaklandig1 diisliniilmektedir. Sunulan calisma ile Rosas ve ark. (2017)’ nin deneysel
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calismasinin birbirleriyle olduk¢a uyumlu olduklart belirlenmistir. Bu nedenle, ¢alismanin
dogru ve kabul edilebilir oldugu sonucuna ulagilmistir.

— Ozdemir ve ark.(2023)
a5 [ e Rosas ve ark.(2017)
Sunulan Galisma

......
....

50 100 150 200 250 300 350
Ri

Sekil 3. Calismanin sonuglarinin dogrulanmasi

Sonuglarin ag sayisindan bagimsizligini saglamak amaciyla engellerin toplam ortalama Nu
sayisinin (Num) ag sayistyla degisimi incelenerek en uygun ag sayisi belirlenmistir. Bu amacla,
Nu sayisinin Ri* sayisina bagli olarak ag sayisiyla degisimi Tablo 3° de verilmistir. Buna gore,
864184 adet ag elemani sayisinin 1089870 adet ag sayisiyla karsilagtirildiginda Num sayisi
degisimi %0,1° den daha az oldugundan; 864184 adet ag elemani sayisinin akis yonlendirici
kanatciksiz kanal i¢in yeterli oldugu sonucuna varilmastir.

Tablo 3. Engelin ortalama Nu sayisinin (Num) ag elemani sayisina bagli olarak
Ri* sayisiyla degisimi

—— ——

Agsayist | Ri*=50-Num R'N'uln?o' R'N'ulfo' Ri*=200-Num
206586 284524 | 5542147 | 8147842 10,58475
660358 2,86051 5558578 | 8,148538 10,50916
864184 2,86142 5558741 | 8145724 10,59947
1089870 2,87145 5558745 | 8,145724 10,50987

5. ARASTIRMA VE BULGULAR

Sekil 4’ de sol dikey ylizeyinde ikili 1sinmis eskenar liggen engeller bulunan karisik taginim
hareketli dikey bir kanaldaki toplam ortalama Nu sayilarinin (Num), farkli AGM (akis gecis
mesafesi) oranlar1 ((a) AGM=3,33 (b) AGM=4), Ri* sayilar1 ve kanalin sag dikey yiizeyine
yerlestirilen akis yonlendirici kanatciklarin farkli agilart ig¢in degisimleri gosterilmektedir. Her
iki akis gecis mesafesi (AGM) orani i¢in dogal taginimin zorlanmig taginima gore oranini temsil
eden Ri* sayisinin artiritlmastyla Num sayisinin arttig1 Sekil 4’ den goriilebilmektedir. Bununla
birlikte, kanalin iist kismindan giren akiskani 1sinmig engel elemanlarina yonlendirerek
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kanaldaki karigik tasinim hareketlerinin artirilmasinin da saglanmasiyla Num sayisinin
artirilmasi amaglanmasina ragmen O6zellikle 60° agili kanatgikli durumda belirgin bir sekilde
akisin kanal i¢indeki yonlenmesine bagli olarak olusan girdaplardan o6tiirii kanatciksiz duruma
gore daha diisiik oldugu goriilebilmektedir. Yiiksek Ri* sayilarinda goriilen bu durum; dogal
taginima kars1 baskin olamayan zorlanmis tasinim sonucu kanalda karigik taginim olusamamasi
nedeniyle 6zellikle engel etrafinda olusan girdaplar nedeniyledir. Bununla birlikte, 30° a¢ili
kanat¢ikli durumda 45° ve 60° agili durumlara gore kanal igerisinde akisin yonlenmesine bagli
olarak daha yiiksek Num sayis1 degerleri elde edilebilmektedir. Ri*=200 ve AGM=3,33 igin 30°
acilt durumda kanatgiksiz duruma gore Num sayist %5,61 daha fazladir. AGM=4 oldugunda
Num sayisi i¢in bu deger %5,82” ye ¢ikmaktadir. Bununla birlikte, Ri=150" de 60° agili
kanat¢ikli durumda kanatgiksiz durumla kiyaslandiginda AGM’ nin 3,33 ve 4 degerlerinde
sirastyla Num sayisinin %3,99 ve %8,46 daha az oldugu belirlenmistir. Bunun sebebinin; alt
engel etrafinda olusan akiskan hareketinin {ist engel tarafindan engellenmesi nedeniyle dogal
taginim etkilerinin tam olarak goriilememesinden kaynaklandigi 6ngoriilmektedir.

160 160

— K anatciksiz — Kanatciksiz
............ 30° K T
1o 47 1o | 4

r (h\
(2 " ‘ , ‘ , ,

40

5 75 - 25 50 75 20 50 5 100 125 150 175 200
Ri* Ri*

Sekil 4. Toplam ortalama Nu sayisinin (Num) Ri* sayisi, kanatcik acis1 ve
AGM oranina gore degisimi (a) AGM=3,33 (b) AGM=4

Dikey kanal boyunca sogutucu akiskanin ortalama sicaklik degisimleri (Tm), Ri* sayisina bagli
olarak farkli AGM oranlar1 ve kanala yerlestirilen yonlendirici kanat¢igin ag1 durumlarina gore
degerlendirilmesi Sekil 5° de sunulmaktadir. Kanat¢igin agisinin 60° degerine ¢ikarilmasiyla
kanal igerisinde dogal tasinim akimlarinin da zorlanmis taginim akimlarina iistiin gelmesi
sayesinde engeller etrafinda olusan girdaplar, 1s1 transferini azaltarak akiskan sicakliginin
kanatciksiz duruma gore azalmasina sebep olmaktadir. AGM=4 i¢in 60° yonlendirici kanatgik
acis1 durumunda sicakliktaki azalma daha da artmaktadir. 45°° lik a¢1 durumunda AGM=3,33
degerinde akiskana olan 1s1 transferi sonucu sicaklik degerleri Ri* sayisina bagli olarak artsa da
AGM’ nin 4 oldugu deger i¢in kanatciksiz durumdan daha diisiik degerler almaktadir. Ac1 ()
degerinin 30° olmasi durumunda ise engeller etrafinda olusan akigskan hareketi, Ri* sayisinin
artisina bagl olarak kaldirma kuvvetleri etkisinin artmasiyla kanatciksiz duruma gére Tm’ nin
daha yiiksek olmasini saglamaktadir. AGM’ nin 4 degeri i¢in ise sicakliktaki bu artis miktari
daha smirhdir.
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Sekil 5. Kanal boyunca ortalama akiskan sicakliginin (Tm) Ri* sayisi, kanatgik agis1 ve
AGM oranina gore degisimi (a) AGM=3,33 (b) AGM=4

Sekil 6’ da Ri*=200 ve Re=500 icin farkli a¢1 ve AGM oranlarinda (a) kanatgiksiz kanal (b)
$=30°, AGM=3,33 (c) $p=45°, AGM=3,33 (d) $=60°, AGM=3,33 (e) $=30°, AGM=4 (f)
$=45°, AGM=4 (g) ¢=60°, AGM=4 kanallardaki akigkanin hiz konturu dagilimlari
verilmektedir. Kanatg¢iksiz durumda iist engel ve engeller arasinda olusan girdap hareketleri
nedeniyle akiskanin kanalin sag dikey ylizeyine dogru yonlenerek hizinda artis saglandigi
goriilmektedir. Bununla birlikte, iist engel etrafinda dogal tasinim akimlari sonucu olusan
girdaplar nedeniyle akiskan icerisinde kendi igerisinde bir sirkiilasyon hareketi baglamasinin bu
yonlenmede etkili oldugu soOylenebilir. Kanala kanatgik eklenmesiyle kanalin sag dikey
ylizeyine yonlenen bu akiskan hareketinin engellere dogru yonlenerek dogal tasinim sonucu
olusan girdaplarin baskilanmasi ve bdylece engeller etrafinda akiskanin hareketlenmesi
saglanabilmektedir. Ancak, 60° kanatgik acisi durumunda engeller arasinda olusan girdap
hareketleri yercekimi yoniinde olan zorlanmis tasinim etkilerini baskilayarak akiskan
hareketliliginin azalmasina sebep olmaktadir. AGM=4 oldugunda 6zellikle engel aralarindaki
ylzeylerde akigkanda hareketlilik saglanabilmektedir. Ciinkii, akiskanin akisina etki eden
kanatcigin uzunlugu azalirken; akis kanalda aktig1 gecis mesafesi artmaktadir. Bu durum da
engel etrafinda olusan girdap alanlarinin kiigiilmesini saglarken; bu konudaki en biiyiik etki
30% lik a¢1 durumunda goriilebilmektedir. 30°” lik a¢1 durumunda kanal igerisinde zorlanmig
tasinim etkileri, dogal tasinim etkilerine baskin gelerek engeller etrafinda ve aralarinda akigkan
hareketlendirilebilmektedir.
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Sekil 6. Hiz konturu dagilimlar1 Ri*=200 ve Re=500 (a) kanatgiksiz kanal (b) ¢=30°,

[mst1]
U]

AGM=3,33 (c) $=45°, AGM=3,33 (d) $p=60°, AGM=3,33 (¢) ¢=30°, AGM=4
(f) ¢=45°, AGM=4 (g) $=60°, AGM=4
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302.767 301.951 302619 302.53%
! 301,681 300.956 301.550 301476
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Sekil 7. Sicaklik konturu dagilimlar1 Ri*=200 ve Re=500 (a) kanatgiksiz kanal (b) ¢p=30°,
AGM=3,33 (c) $=45°, AGM=3,33 (d) $=60°, AGM=3,33 (e) $=30°, AGM=4
(f) $p=45°, AGM=4 (g) ¢$=60°, AGM=4
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Kanal boyunca akigkanin sicaklik konturu dagilimlari, Ri* ve Re sayilarinin sirasiyla 200 ve
500 degerlerinde farkli ac1 ve akis gecis mesafesi (AGM) oranlari igin (a) kanatgiksiz kanal (b)
$=30°, AGM=3,33 (c) $p=45°, AGM=3,33 (d) ¢=60°, AGM=3,33 (e) $=30°, AGM=4 (f)
$=45°, AGM=4 (g) ¢$=60°, AGM=4 Sekil 7’ de sergilenmektedir. Dogal tasinim hareketleri
sonucu olusan girdap hareketlerinin engeller arasinda yogunlagmasi, akiskanda ve engel
ylzeyinde sicaklik artiglarina sebep olmaktadir. Kanala akis yonlendirici kanatgik eklenmesiyle
dogal tasinim kaynakli olusan girdaplarin etkisinin azaltilarak karisik taginim etkilerinin
artirtlmas1 hedeflenmektedir. Sicaklik konturu dagilimlarindan da goriilebildigi gibi her iki
AGM oraninda da 30° ag1 durumunda engeller etrafindaki 1sinmis sicak akiskan bolgesinin daha
siirh oldugu goriilebilmektedir. Bu durum da bu ag¢1 degerinde (¢p=30°) engeller arasinda ve
etrafinda olusan akiskan hareketliliginin ve buna bagli olarak karisik tasinim etkilerinin daha
iyi ve etkin oldugu sonucuna varmamizi saglayabilmektedir.

6. GENEL DEGERLENDIRME VE SONUCLAR

Dogal ve zorlanmis tasinim etkilerinin birlikte olusturduklari karisik tasinim etkileri sonucu 1s1
transferi artis1 etkisinin incelenmesinin amaglandig1 bu ¢alismadan ¢ikarilabilecek sonuglar su
sekilde 6zetlenebilir:

- Her iki akis gecis mesafesi (AGM) orani i¢in dogal taginimin zorlanmig taginima gore oranini
temsil eden Ri* sayisinin artirilmasiyla Num say1s1 artmaktadir.

- Ozellikle 60° agili kanat¢ikli durumda belirgin bir sekilde akisin kanal igindeki yonlenmesine
bagli olarak olusan girdaplardan &tiirii kanat¢iksiz duruma gore Num sayist daha diisiiktiir.

- 30° agili kanatgikli durumda 45° ve 60° agili durumlara gore kanal igerisinde akisin
yonlenmesine bagl olarak daha yiiksek Num sayis1 degerleri elde edilebilmektedir.

- Ri*=200 ve AGM=3,33 i¢in 30° a¢ili durumda kanatgiksiz duruma gore Num sayis1 %5,61
daha fazladir. AGM=4 oldugunda Num sayis1 i¢in bu deger %5,82’ ye ¢ikmaktadir.

- Ri=150 de 60° ag1l1 kanatgiklt durumda kanatgiksiz durumla kiyaslandiginda AGM’ nin 3,33
ve 4 degerlerinde sirasiyla Num sayisinin %3,99 ve %8,46 daha az oldugu belirlenmistir.

- Kanat¢igin agisinin 60° degerine ¢ikarilmasiyla kanal igerisinde dogal tasinim akimlarinin da
zorlanmig taginim akimlarina iistiin gelmesi sayesinde engeller etrafinda olusan girdaplar, 1s1
transferini azaltarak akiskan sicakliginin kanatg¢iksiz duruma goére azalmasina sebep olmaktadir.

- AGM=4 igin 60° yonlendirici kanat¢ik acist durumunda sicakliktaki azalma daha da
artmaktadir.
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- 45° lik a¢1 durumunda AGM=3,33 degerinde akiskana olan 1s1 transferi sonucu sicaklik
degerleri Ri* sayisina bagli olarak artsa da AGM’ nin 4 oldugu deger i¢in kanat¢iksiz durumdan
daha diistik degerler almaktadir.

- 30°° lik ag1 degerinde engeller etrafinda olusan akiskan hareketi Ri* sayisinin artisina baglh
olarak kaldirma kuvvetleri etkisinin artmasiyla kanatc¢iksiz duruma gére Tm’ nin daha yiiksek
olmasini saglamaktadir. AGM’ nin 4 degeri i¢in ise sicakliktaki bu artis miktar1 daha sinirhidir.

Hiz konturu dagilimi incelendiginde;

- Kanatciksiz durumda st engel ve engeller arasinda olusan girdap hareketleri nedeniyle
akigkanin kanalin sag dikey yiizeyine dogru yonlenerek hizinda artig saglandig1 goriilmektedir.
- Kanala kanat¢ik eklenmesiyle kanalin sag dikey yiizeyine yonlenen bu akigkan hareketinin
engellere dogru yonlenerek dogal tasinim sonucu olusan girdaplarin baskilanmasi ve bdylece
engeller etrafinda akigkanin hareketlenmesi saglanabilmektedir.

- 60° kanatgik agist durumunda engeller arasinda olusan girdap hareketleri yer¢ekimi yoniinde
olan zorlanmis tasmim etkilerini baskilayarak akiskan hareketliliginin azalmasina sebep
olmaktadir.

-AGM=4 oldugunda ozellikle engel aralarindaki yiizeylerde akiskanda hareketlilik
saglanabilmektedir.

- 30%’ lik ag¢1 durumunda kanal igerisinde zorlanmis tasinim etkileri, dogal tasinim etkilerine
baskin gelerek engeller etrafinda ve aralarinda akigkan hareketlendirilebilmektedir.

Sicaklik konturu dagilimlari irdelendiginde ise;

- Dogal taginim hareketleri sonucu olusan girdap hareketlerinin engeller arasinda yogunlagmast,
akigkanda ve engel ylizeyinde sicaklik artiglarina sebep olmaktadir.

- Kanala akis yonlendirici kanat¢ik eklenmesiyle dogal tasinim kaynakli olusan girdaplarin
etkisinin azaltilarak karigik tasinim etkilerinin artirilmasi hedeflenmektedir.

- Her iki AGM oraninda da 30° ag1 durumunda engeller etrafindaki 1sinmis sicak akiskan
bolgesinin daha sinirl oldugu goriilebilmektedir. Bu durum da engel ile sicakligi engelden daha
diistik akiskan arasinda 1s1 transferini artirici etki olusturmaktadir.
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Abstract

In this study, we report the synthesis, spectral characterization, and in vitro cytotoxic activity
evaluation of a novel halo-functionalized sulfonyl hydrazone compound. The synthesis was
achieved through a multi-step reaction sequence, starting from readily available precursors and
incorporating a halogen moiety to enhance biological activity. The structure of the synthesized
compound was confirmed using various spectroscopic techniques, including Nuclear Magnetic
Resonance (NMR), Infrared (IR) spectroscopy, and elemental analysis. The compound's
cytotoxic potential was assessed against A549 (lung carcinoma cell line) using the MTT assay.
The results indicated that the halo-functionalized sulfonyl hydrazone exhibited significant
cytotoxic effects, with 1Cso values comparable to those of standard chemotherapeutic agent
cisplatin.

Introduction

Lung cancer remains one of the most prevalent and deadly malignancies worldwide, accounting
for a significant portion of cancer-related deaths. Despite advances in early detection and
treatment, the prognosis for lung cancer patients often remains poor. Lung cancer is broadly
categorized into two main types: non-small cell lung cancer and small cell lung cancer, known

for its rapid growth and early metastasis. Traditional treatment modalities have shown limited
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efficacy. Consequently, there is an urgent need for novel therapeutic agents that can effectively
target lung cancer cells while minimizing adverse effects. Recent research has focused on the
development of small-molecule inhibitors, targeted therapies, and combination treatments to
improve clinical outcomes. In this context, the exploration of new compounds with potent
anticancer activity is crucial for advancing lung cancer treatment and improving patient survival
rates.

Sulfonyl hydrazone compounds are typically generated through the condensation of
sulfonyl hydrazides, which are derived from the interaction of sulfonyl chlorides with hydrazine
hydrate, aldehydes, or ketones. Ethanol (CH3CH>OH), methanol (CH3OH), and tetrahydrofuran
(C4HB80) are common solvents in this process [1]. Recently, sulfonyl hydrazone derivatives
have emerged as a frequently explored group of compounds for the discovery of novel
biologically relevant molecules. Research has shown that these compounds exhibit a diverse
array of pharmacological properties, including antibacterial, antioxidant, anticancer,
antidepressant, and anticholinesterase activities against Alzheimer's disease [2-6].

In the pursuit of novel therapeutic agents for the treatment of lung cancer, the
development of new chemical compounds with enhanced biological activity is of paramount
importance. This study focuses on the synthesis, spectral characterization, and in vitro cytotoxic
activity evaluation of a new halo-functionalized sulfonyl hydrazone compound. The halo-
functionalization is intended to improve the compound's interaction with biological targets,
potentially leading to increased anticancer efficacy. The synthesis was carried out through a
multi-step reaction process, and the structure of the resulting compound was confirmed using
advanced spectroscopic techniques such as NMR, IR, and elemental analysis. The biological
activity of the compound was assessed through in vitro cytotoxicity assays against the A549

cell line.

Experimental

Materials and Methods

All starting materials and solvents employed in this investigation were obtained from Sigma-
Aldrich, Isolab, and Merck. The melting points of the sulfonylhydrazone compounds were
assessed using a DMP-100 digital melting point apparatus without any adjustments. FT-IR
spectrum was captured using a Perkin Elmer Spectrum 400 spectrometer equipped with
Attenuated Total Reflectance (ATR). 1H and 13C NMR spectra were acquired on a Bruker

Avance |11 400 MHz spectrometer using DMSO-d6 as the solvent and tetramethylsilane as the
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internal standard at frequencies of 400 MHz and 100 MHz, respectively. Elemental analysis (C,

H, N, and N) was performed using a Thermo Scientific Flash 2000 elemental analyzer.

N-(4-((2-(3-bromo-5-chlorobenzylidene)hydrazinyl)sulfonyl)phenyl)acetamide (2)

Cl

N
H (2)

The synthesis of the target compound was performed according to the procedure described in
our previous study [6]. White solid, yield: 74%, m.p.: 215-216 °C. Elemental analysis for
C1sH13BrCINsO3S (430.70 g/mol), Calcd.: C, 41.83; H, 3.04; N, 9.76; S, 7.44%. Found: C,
41.99; H, 3.15; N, 9.45; S, 7.87%. FT-IR (vmax) cm1: 3303, 3188 (N-H), 3078, 3064 (C-H),
1669 (C=0), 1591 (C=N), 1323 and 1166 (S0O2). *H NMR (DMSO-ds): 6 11.75 (s, 1H, SO2NH),
10.35 (s, 1H, CONH), 7.86 (s, 1H, CH=N), 7.82 — 7.73 (m, 6H, ArH), 7.62 (s, 1H, ArH), and
2.07 (s, 3H, CH3) ppm. *C NMR (DMSO-dg): 6 169.53 (C=0), 144,05 (C=N), 143.91, 138.00,
135.13, 132.69, 132.21, 131.24, 128.93, 128.36, 125.82, 123.18, 119.06 (ArC) and 24.60 (CHz)
ppm.

FT-IR spectrum of compound 2 is given below (Figure 1).
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Figure 1. FT-IR spectrum of compound 2
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'H NMR spectrum of compound 2 is given below (Figure 2).
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Figure 2. *H NMR spectrum of compound 2

13C NMR spectrum of compound 2 is given below (Figure 3).
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Figure 3. *C NMR spectrum of compound 2

The cytotoxic activity studies

The cytotoxic activity studies were conducted according to literature procedures [7-9]. A549
cells were cultured in DMEM including high glucose supplemented with 1% glutamax, and
10% FBS. The seeding of cells was done in a density of 5 x 103 cells/well into sterile 96-well
plates and maintained at 37 °C for 24 h. Cells were exposed to compounds at four different
concentrations (200, 100, 50, and 25 uM) for 72 h. The plates were incubated for 2 h after
adding the MTT solution. Following this, the MTT stock solution was aspirated and DMSO
(200 pL) was added to each well. Absorbance values were read using an ELISA microplate

reader device at 590 nm. GraphPad Prism software 5 was used for calculating 1Csg values.

Result and Discussion
Chemistry
In this study, we synthesized 3-bromo-5-chlorobenzenaldehyde with a sulfonylhydrazide

compound 1 [6], which was synthesized in our previous study in ethanol (Scheme 1). The
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structure of the target compound was elucidated by elemental analysis, FT-IR, and NMR

spectroscopy.
Cl
0 0
O \\
s sl NN o] NS Br

2T e : L

N THF 0°C, 1h EtOH reflux, 4h ”

H (2)

Scheme 1. Synthesis pathway of new sulfonylhydrazone

In the FT-IR spectrum of target molecule 2, the N-H and C =N stretching bands
associated with the prominent groups present in the sulfonyl hydrazone scaffold were identified
at 3303-3188 and 1591 cm™, respectively. The carbonyl (C=0) stretching vibration was
observed at 1669 cm™. Furthermore, asymmetric and symmetric stretching modes of the SO
groups were detected at 1323 and 1166 cm™, respectively. In the *H NMR spectrum of
compound 2, the peak of the amine group (NHNH_) of sulfonyl hydrazone (1) was observed at
4.02 ppm [6]. The presence of SO2.NH proton at 11.75 ppm in the structure of the targeted
compound is evidence of the formation of the sulfonylhydrazone group. However, another
important piece of evidence is the observation of the peak of the imine CH=N proton resonating
at 7.86 ppm. The aromatic protons in these compounds resonate in the range of 7.82-7.62 ppm.

In addition, a methyl proton singlet resonated at 2.07 ppm.
Cytotoxic Activity Studies

A compound and cisplatin were evaluated for their cytotoxicity at 200, 100, 50, and 25 uM

concentrations in lung cancer cell line for 72 h (Table 1).

Table 1. 1Cso results against A549 cell line.

Compounds 1Cs0 (uM)
A549

2 60.57

Cisplatin 13.32
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The compound was found to be effective on the A549 cell line and produced a cytotoxic
effect on the cells. Although the compound did not show as high a cytotoxic effect as the

positive control, the ICso value reveals that the compound is effective.

Conclusion

In conclusion, this study successfully synthesized and characterized a novel halo-functionalized
sulfonyl hydrazone compound. The structure of the compound was confirmed through
comprehensive spectral analysis, including NMR, IR, and elemental analysis, ensuring the
accuracy and purity of the synthesized product. The in vitro cytotoxicity assays revealed that
the compound exhibited significant anticancer activity in the lung cancer cell line with an 1Cs
value of 60.57 uM.
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Abstract

The search for effective anticancer agents has led to the exploration of benzimidazole
derivatives due to their diverse biological activities. In this study, we report the synthesis and
in vitro cytotoxic activity of a benzimidazole-based molecule in HelLa cell line, a widely used
model for cervical cancer research. The compound was synthesized through a multi-step
reaction sequence. The cytotoxic effects of the benzimidazole derivative were evaluated using
the MTT assay, which measures cell viability. Our results demonstrated a dose-dependent
cytotoxicity with an ICsg value indicating significant anticancer activity. This study highlights

the potential of benzimidazole-based molecules as promising anticancer agents against cervical
cancer.

Introduction

Cancer is one of the leading causes of death globally, posing a significant challenge in both the
medical and societal realms [1,2]. Regrettably, data from the 2020 report on cancer incidence
and fatality rates reveal that approximately 20 million individuals worldwide are suffering from
cancer, with approximately 10.0 million succumbing to this ailment. Projections suggest that

the prevalence and fatality associated with cancer are anticipated to demonstrate a consistent
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upward trajectory, with estimations pointing towards a global cancer burden of 28.4 million
cases by the year 2040 [3]. Cervical cancer emanates from the cervix and exhibits
characteristics such as abnormal vaginal bleeding, vaginal discharge, pelvic pain, or
dyspareunia [4]. Currently, it is the 4th most prevalent malignancy globally among females,
and cervical cancer constitutes 8% of female cancer cases. Chemotherapy is the primary
therapeutic option for this type of cancer, emphasizing the urgent need to discover novel
chemotherapeutic agents. The emergence of novel chemotherapeutics is imperative for cervical
cancer treatment because of the necessity for personalized therapeutic strategies and the
challenge of multidrug resistance. [5]. Various drugs, such as cisplatin, carboplatin, paclitaxel,
and topotecan have been successfully used for the treatment of cervical cancer [6,7].
Nevertheless, multidrug resistance remains a significant obstacle in achieving successful
outcomes. Hence, the exploration of new drug candidates with specific attributes capable of
circumventing multidrug is of immense importance. Consequently, ongoing research has
focused on the discovery of potential drug candidates for cervical cancer therapy and other
medical conditions [8]. Heterocyclic compounds, including imidazole, benzimidazole, triazole,
benzodiazepine, and indazole, are important in various fields such as pharmacology and
industrial sectors [9]. Benzimidazoles are considered a promising category of bioactive
heterocyclic compounds, garnering significant attention in the field of medicinal chemistry
because of their diverse array of biological functions, including antiviral, anticancer,
antimicrobial, anti-inflammatory, anthelmintic, antihistaminic, proton pump inhibitory,
antioxidant, antihypertensive, and anticoagulant properties [10-12].
Given the urgent need for novel and effective anticancer agents, our study aims to

explore the potential of a benzimidazole-based molecule, focusing on its synthesis, and in

vitro cytotoxic activity in the HeLa cell line.

Experimental
Materials and Methods
In this study, we have re-synthesized the benzimidazole derivative compound according to the

procedure in our previous study [13] and compared it with the literature.

1-(N-Ethyl piperidine)-3-(3-methylbenzyl)benzimidazolium chloride
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Cr

— Y

» CrI

Z

Brown solid, yield: 82%, m.p.: 154-155 °C (Lit [13] 154-155).

The Cytotoxic Activity Studies

The HeLa cells were cultured and seeding of cells was done in a density of 3 x 10° cells/well
into sterile 96-well plates and maintained at 37 °C for 24 h. Cells were exposed to compounds
at four different concentrations for 72 h. The plates were incubated for 2 h after adding the MTT
solution. Following this, the MTT stock solution was aspirated and DMSO (200 pnL) was added
to each well. Absorbance values were read using an ELISA microplate reader device at 560 nm.
GraphPad Prism software 5 was used for calculating I1Cso values.

Result and Discussion
Chemistry
As shown in Scheme 1, we synthesized the compound 1-(N-ethyl piperidine)-3-(3-

methylbenzyl)benzimidazolium chloride (3) according to our previous work [13].

()

N

N NH
Cl DMF .
@ P+ < :Nf 0 - @*) cr
N HCl 80°C, 24 h N

Scheme 1. Synthesis pathway of benzimidazole derivative
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Biological Activity Studies

The cytotoxic activity studies of compound 3 and cisplatin as a positive control drug were
conducted in the HelLa cell line. All cell culture studies were performed independently three
times and all results were calculated and averaged. Standard deviation values were calculated
(Table 1).

Table 1. Cytotoxic activity results.

Compounds 1Cs0 (nM)
HelLa

3 3.11+ 048

Cisplatin 2.13£0.06

In this study, we synthesized and evaluated a benzimidazole-based molecule for its
anticancer properties, specifically its cytotoxic effects on the HeLa cell line. The synthesized
compound demonstrated significant in vitro cytotoxic activity, with an ICso value of 3.11 +0.48
uM against HeLa cells. This result indicates a strong anticancer potential, though slightly less
potent compared to the standard chemotherapeutic agent cisplatin, which has an 1Csp value of
2.13 £ 0.06 uM. The ICso value of 3.11 uM suggests that our benzimidazole-based compound
effectively inhibits the proliferation of HelLa cells at relatively low concentrations. While
cisplatin remains a more potent agent, the novel compound's performance is promising. These
findings provide a foundation for further optimization and in vivo evaluation, aiming to develop

more effective treatments for cervical cancer.

Conclusion

In conclusion, this study successfully synthesized a benzimidazole-based molecule and
demonstrated its significant in vitro cytotoxic activity in the HeLa cell line. The cytotoxicity
assays revealed that the compound exhibited dose-dependent anticancer effects, with an ICso
value indicative of its potent activity. These findings underscore the potential of benzimidazole
derivatives as promising candidates in the development of new anticancer therapies,
particularly for cervical cancer. This study supports the continued exploration of

benzimidazole-based compounds in cancer treatment.
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ABSTRACT

Although bullying is common on a global level, all over the world, its frequency varies
according to culture, country and age of students. In recent years, increasing peer bullying
affects hundreds of millions of children and adolescents, showing that the negative mental
consequences can last into adulthood. The aim of this study is to draw attention to peer bullying,
which has increased in the world and in our country.

Online databases (PubMed, Medline, Web of Science, Wiley, Sipringer, science direct, sage
publication) for articles published on the subject use the terms "peer bullying”, "violence in
schools”, "social violence at school”, “consequences of bullying”. English articles were
scanned. Regarding the selection criteria of articles, after electronic searches, the articles were
previously transferred to the Rayyan QCRI application (https://rayyan.qcri.org) for selection,
classification and evaluation. Initially, duplicate records not specifically related to the research
topic were eliminated. Then, titles, abstracts and full texts of the articles were read. This activity
allowed us to assess coherence and homogenization whether the identified records were
relevant and met the research objectives. Data were collected on peer pullying, study design,
and outcomes.

Bullying, which is extremely disturbing, is a phenomenon that not only affects the victims or
bullies, but can also negatively affect other individuals who are not directly involved in
bullying.

Key Words: Bullying, Adolescent, Peer bullying

AKRAN ZORBALIGI
OZET

Zorbalik kiiresel diizeyde, tiim diinyada yaygin olarak goriilmekle birlikte sikligi, kiiltiire,
tilkelere 6grencilerin yaslarina gore degisiklik gostermektedir. Son yillarda, giderek artan akran
zorbaligimin yiiz milyonlarca ¢ocuk ve ergene etki ettigi olumsuz zihinsel sonuglarin
yetigkinlige kadar siirebildigini gostermektedir. Bu ¢alismanin amaci diinyada ve iilkemizde
artmis olan akran zorbaligina dikkat gekmektir.

Konu ile ilgili yaymlanan makaleler i¢in ¢evrimigi veri tabanlari (PubMed, Medline, Web of
Science, Wiley, Sipringer, science direct, sage publication) “akran zorbalig1”, “okullarda
siddet”, “okulda sosyal siddet”, “zorbaligm sonuglar’” terimlerini kullanarak Ingilizce
makaleler tarandi. Baslangicta, 6zellikle arastirma konusuyla ilgili olmayan miikerrer kayitlar
elendi. Daha sonra basliklar, 6zetler ve makalelerin tam metni okundu. Bu aktivite, belirlenen
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kayitlarin konuyla alakali olup olmadigini ve arastirma hedeflerini karsilayip karsilamadigini
uyumluluk ve homojenlestirmeyi degerlendirmeye olanak sagladi.

Son derece rahatsizlik verici olan zorbalik sadece magdur veya zorbalari etkilememekle beraber
zorbalikla direkt ilgisi olmayan diger bireyleri de olumsuz etkileyebilecek bir olgudur.

Anahtar Kelimeler: Zorbalik, Adélesan, Akran zorbalig1

GIRIS
Akran zorbalig1 giinlimiizde agirlikli olarak ¢ocuklar ve ergenlik ¢agindaki kisilerde 6zellikle
okul ortamlarinda sik goriilen, sozel, fiziksel ve psikolojik travmalara neden olan 6nemli bir
sorundur (van Geel et al., 2018). Son yillarda, giderek artan akran zorbaliginin yiiz milyonlarca

cocuk ve ergene etki ettigi olumsuz zihinsel sonuclarin yetiskinlige kadar siirebildigini
gostermektedir (Avsar, Alkaya, 2018)

Zorbalik kiiresel diizeyde, tiim diinyada yaygin olarak goriilmekle birlikte sikligi, kiiltiire,
tilkelere 0grencilerin yaslarina gore degisiklik gostermektedir. UNESCO’nun istatistiklerine
gore diinyada genglerin tigte biri zorbaliga ugramakta; bu oran Tacikistan’da %7’den Samoa’da
%74’e kadar degismektedir. Tiirkiye’de yapilan c¢aligmalarda, ogrencilerin  %6’siin
yasamlarinda en az bir kez zorbaliga maruz kaldig1 ve zorbaliga ugrayanlarin %35’inin ise
siirekli zorbaliga ugradig tespit edilmistir. Diinya Saglik Orgiitii’ne gére ergenler arasinda
kurban olma oranlar1 %2-32, zorba olma oranlar1 %1-36 arasindadir (Siiner ve ark. 2021; van
Geel et al., 2018). Diinya genelinde okullarda ve addlesanlarda gittik¢e yayginlasan 6nemli
sorun olan akran zorbalig1 énlemek igin gesitli calismalar yapilmaktadir. Diinya Saglik Orgiitii
tarafindan okullarda zorbalik davranisinin 6nlemesine yonelik raporda, zorbalik davranisini
onlemede cocuklara glivenli davranislar1 6gretmek, yasam becerilerini gelistirmek, sosyal ve
kiltiirel olgiitleri degistirmek i¢in miicadele ve esit iligkilere tesvik olmak iizere li¢ temel
yontem benimsenmistir. Tiirkiye’de zorbalig1 6nlemek i¢in cogunlukla okul temelli caligmalara
yogunlagsmakla beraber son yillarda siber zorbalik hakkinda c¢alismalarin sayisi artmistir
(Toraman ve ark. 2021).

Zorbalik hayatlar1 degistirir. Zorbaliga maruz kalan bir kisi, zihinsel saglhigini, 6zgilivenini ve
okulda ve evde basa ¢ikma becerilerini mahvedebilecek uzun siireli bir travmaya maruz
kalabilir. Zorbaligin magdurlar, failler, aileleri, akranlar1 ve topluluk iiyeleri {iizerinde
umutsuzluk domino etkisi yaratir. Zorbalik depresyona, kaygiya, 6fkeye, diisiik 6zgiivene ve
sonugta intihara yol acabilir. Ancak dogru miidahale ile zorbalik degistirilebilecek bir
davranistir (Shetgiri, 2013).

Bu ¢alismanin amaci da diinyada ve lilkemizde artmis olan akran zorbaligina dikkat
¢ekmektir.

YONTEM

Konu ile ilgili yaymlanan makaleler i¢in ¢evrimigi veri tabanlar1 (PubMed, Medline, Web of
Science, Wiley, Sipringer, science direct, sage publication) “akran zorbali1”, “okullarda
siddet”, “okulda sosyal siddet”, “zorbaligin sonuglarr” terimlerini kullanarak Ingilizce
makaleler tarandi. Baslangicta, 6zellikle arastirma konusuyla ilgili olmayan miikerrer kayitlar

elendi. Daha sonra basliklar, 6zetler ve makalelerin tam metni okundu. Bu aktivite, belirlenen

PROCEEDING BOOK Academy Global Publishing House | 104




| LONFER;
o Ay
& &

-
o,
=
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

— Y

kayitlarin konuyla alakali olup olmadigini ve arastirma hedeflerini karsilayip karsilamadigini
uyumluluk ve homojenlestirmeyi degerlendirmeye olanak sagladi. Akran zorbaligi, ¢alisma
sonuglar1 hakkinda veriler toplanmstir.

SONUCLAR VE DEGERLENDIRME
Akran Zorbahg Tiirleri
Akran zorbaligin ¢esitli tilirleri vardir, ancak en yaygin dort tiirli sunlardir:
Fiziksel zorbalik
Sozlii zorbalik
Sosyal zorbalik
Siber zorbalik (Shetgiri, 2013).
1. Fiziksel Zorbahk

Fiziksel zorbalik, bir kiginin viicuduna veya esyalarina zarar vermeyi igerir. Daha biiyiik ve
daha giiclii cocuklar fiziksel gii¢c kullanarak kurbanlari tizerinde kontrol sahibi olduklarinda
fiziksel zorbalik genellikle daha tipiktir. Fiziksel zorbaligin baz1 yaygin 6rnekleri saldirgan
eylemleri igerir: tekme, tiikiirme, ittirme/tokezleme, tokatlama/vurma/yumruklama, birinin
esyasini almak veya kirmak ve diger fiziksel saldirganlik eylemleridir.

2. Sozlii Zorbalik

Sozli zorbalik, magdur tizerinde kontrol ve giic kazanmak amaciyla isim takmayi, incitici
sOzleri ve sert ifadeleri igerir. Failin magdura fiziksel olarak hi¢c dokunmamasi durumunda
bile zorbalik magdurlar etkileyebilir.

Sozli zorbalik, okullarda tanimlanmasi zor olan baska bir zorbalik tiirtidiir. Cogu zaman bu
sOzlii saldirilar, yetiskinlerin isitme menzili disinda oldugu durumlarda meydana gelir. Ne yazik
ki, hi¢bir kanit olmadiginda, bir 6grencinin sdziine kars1 digerinin sézii oluyor.

Sozlii zorbaligin uzun vadede fiziksel zorbaliga gore daha derin etkileri olabilir. Bu nedenle
s0zlii zorbaligin da diger tiim zorbalik tiirleri kadar ciddiye alinmasi gerekir.

3. Sosyal Zorbahk

Sosyal zorbaliga genellikle iliskisel zorbalik veya duygusal zorbalik denir. Bu tiir zorbaligin
sinsidir ve ¢cogu zaman dgretmenlerin, yoneticilerin ve ebeveynlerin dikkatinden kagar. Bu tiir
zorbalik, bir Ogrencinin baska bir Ogrencinin sosyal konumunu sabote edecek sekilde
davranmasi durumunda ortaya ¢ikar. Sosyal zorbalikla 6grenciler diger 6grencileri dislayabilir,
onlar hakkinda sirlar verebilir ve onlar hakkinda yanlig sdylentiler yayabilir.

Sosyal zorbalig1 bir taktik olarak kullanan 6grencilerin amaci, bagkalarinin itibarini zedeleyerek
kendi sosyal statiilerini yiikseltmektir. Bu tiir zorbaligin kurbanlar1 genellikle erkeklerden
ziyade kizlardir ve gruplardan diglanmalari, goz ardi edilmeleri, korkutulmalari, bagkalari
tarafindan alay edilmeleri ve hakarete ugramalari, kendilerini yalniz ve kopuk hissetmelerine
neden olabilmektedir.
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4. Siber Zorbahk

Siber zorbalik, zorbaligin en yeni ve muhtemelen en énemli tiiriidiir. Bu, bir 6grencinin bagka
bir 6grenciye olumsuz veya zararli icerikle zorbalik yapmak i¢in teknolojiyi kullanmasi
durumunda meydana gelir. Ogrenci, baska bir 6grenciyi utandirmak, tehdit etmek, dedikodu
yaymak veya taciz etmek igin interneti, akilli telefonlar1, tabletleri, uygulamalari, ¢evrimigi
forumlar1 veya sosyal medya siteleri i¢in oyun topluluklarin1 kullanabilir. Ne yazik ki siber
zorbalik 7/24 yapilabilmekte, kamusal ve kalic1 hale gelmektedir.

Bir Arastirma Merkezi, 2022'de Amerika Birlesik Devletleri'ndeki genglerin en az yarisinin
cevrimigi zorbaliga maruz kaldigini tespit etti. 2021'in baslarinda yapilan baska bir aragtirmaya
gore, COVID-19 salgini, ¢evrimigi siber zorbalik oranlarin1 6nemli 6l¢iide artirdi.

Siber zorbaligin en yaygin bicimlerinden bazilar: sunlardir:
Cevrimigi tehditler olugturma

Taciz edici metinler veya dogrudan mesajlar géndermek
Act verici e-postalar gondermek

Uygunsuz fotograf veya bilgilerin yayinlanmasi

Siber zorbalik 6zellikle tehlikelidir ¢linkii magdurlar her zaman ve her yerde hedef alinabilir.
Bu, 6zellikle de kendi evlerinin "giivenligi" i¢inde zorbaliktan kagamadiklarinda magdurlarin
kendilerini yalniz ve endiseli hissetmelerini saglamanin bagka bir yoludur (Shetgiri, 2013).

AKRAN ZORBALIGININ SONUCLARI
Fiziksel Saghk Sonuclar

Zorbaligin fiziksel saglik sonuglari, fiziksel yaralanma gibi anlik olabilir veya bas agris1, uyku
bozukluklar1 veya somatizasyon gibi uzun vadeli etkileri icerebilir (Bogart ve ark. 2014;
Shetgiri, 2013). Somatik Belirtiler; yaygin stres veya anksiyete ile iligkili semptomlar arasinda
uyku bozukluklari, mide-bagirsak sorunlari, bas agrilari, carpintt ve kronik agr1 yer alir (Hunter
ve ark., 2014; van Geel ve ark., 2014).

Hunter ve ark. (2014) Isko¢ ergende yaptig1 bir ¢alismada uyku zorluklarmni incelemisler,
zorbaliga maruz kalan genglerin ve zorbaliga ugrayan genclerin, zorbaliga maruz kalmayan
genglere gore neredeyse iki kat daha fazla uyku zorluklar1 oldugunu bulmuslardir.

Psikosomatik Sonuglar

Bagkalarina zorbalik yapan bireylere iliskin verileri rapor eden kesitsel calismalardan elde
edilen bulgular, bu bireylerin psikosomatik sorunlar gelistirme riski altinda oldugunu
gostermistir (Gini, 2008 ; Srabstein ve ark., 2006).

Zorbahgin Beyin Fonksiyonlar1 Uzerindeki Sonuclar

Sinirbilim arastirmalar1 zorbaliga maruz kalan bir cocuk veya gencin davranisinin degisecegi
ve bu deneyimin ayn1 zamanda beyni de degistirebilecegini 6ne siirmektedir (Bradshaw ve ark.,
2012; Vaillancourt ve ark., 2013).

Psikososyal Sonuclar
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Zorbaligin hem faili hem de hedefi olan bireylerin, zorbalik davranisina herhangi bir sekilde
karigmis kisiler arasinda en zayif psikososyal profile sahip olduguna dair kanitlar vardir;
psikososyal uyumsuzluklari, akran iligkileri ve saglik sorunlari sadece zorbaliga ugrayan
bireylere benzerken, okula bagliliklar1 ve madde kullanimlar1 sadece zorba olan bireylere
benzer (Graham ve ark. 2006; Nansel ve ark., 2004). Hem zorbaliga ugrayan hem de baskalari
tarafindan zorbaliga maruz kalan bireyler, yalnizca zorbaliga ugrayanlara gore daha gesitli
icsellestirme ve digsallagtirma semptomlari yasarlar (Kim ve ark., 2006).

Knack ve meslektaglar1 (2012), zorbaligin, kisinin ac1 tepkilerine duyarliliginda degisikliklere
yol acabilecek anlamli biyolojik degisikliklere yol actigini one siirmiistiir. Yapilan bir meta-
analiz, zorbaliga maruz kalan ¢ocuk ve ergenlerin, zorbalik uyguladiklarini bildirmistir.

ZORBALARIN OZELLIKLERI
Zorbalik ii¢ ana katilimei tiiriinden olusur: zorbalar, magdurlar ve zorba-kurbanlar.

Tablo 1. Zorbalarin, Zorba Magdurlarin ve Magdurlarin Ozellikleri

Zorbalar Zorba-Kurbanlar Kurbanlar

Baskin diirtiisel F 121kse"1 (.)'larak akranlarindan
daha kiiciik

Erkekler kizlardan daha Kendine gilivensiz Kendine giivensiz

fazla

Meydan okuyan Zay1f sosyal beceriler Arkadas edinmede zorluk

davraniglar

Mag kullanim1 Zayi1f problem ¢dzme becerileri Akr‘anlarma gore daha az
iddial1

Eslik eden durumlar Eslik eden durumlar (kaygi, Eslik eden durumlar

(DEHB, depresyon,

DEHB, depresyon, (kaygi, yalmzlik,
kargit olma/davranis karsit olma/davranig bozuklugu) | depresyon)
bozuklugu) ? ? £ presy

Zorbalar homojen bir grup degildir. Bazi zorbalarin iy1 gelismis sosyal becerileri vardir ve akran
gruplarinda  istiinliik kazanmak veya bu {stiinligli siirdirmek i¢in  zorbaliga
bagvururlar. Zorbalar siddete karsi olumlu bir tutuma sahip olabilir ve kurbanlariyla empati
kuramayabilir. Zorbalarin yaklasik %10'u zaman iginde siirekli olarak yiiksek oranda zorbalik
sergiliyor. Ogrencilerin yiizde 13'ii erken ergenlik déneminde zorbalik yapiyor ancak lisenin
sonunda artik zorbalik yapmiyor. Erkeklerin zorba olarak siniflandirilma olasilig1 kizlara gore
daha fazladir. Zorbalarin okula karsi meydan okuyan davramislar ve olumsuz tutumlar
sergilemeleri ve uyusturucu kullanmalar1 daha olasidir. Zorbalar ayn1 zamanda dikkat eksikligi
bozuklugu, depresyon ve karsit davramis bozuklugu gibi eslik eden rahatsizliklar da
sergileyebilirler (Wang ve ark., 2012; Wang ve ark., 2010).
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Zorba-Magdurlarin Ozellikleri

Zorba-kurbanlar, baskalarina zorbalik yapan ve kendileri de zorbaliga maruz kalanlardir; ayni
zamanda tepkisel zorbalar veya kiskirtici/saldirgan kurbanlar olarak da bilinirler. Bunlar,
zorbaliga saldirganlikla tepki veren diirtiisel saldirgan c¢ocuklar veya bir siire iginde
magduriyetten zorbalik davranisina geg¢is yapan magdurlar olabilir. Zorba-kurbanlar hakkinda
diger gruplarla karsilastirildiginda daha az bilgi var, ancak bu grup en siddetli ve en genis uyum
sorunlarina sahip gibi goriiniiyor.

Bu gruptaki ¢ocuklarda dikkat sorunlari, diisiik 6zgiiven ve 6zellikle yiiksek oranda depresyon

ve karsit davranis bozuklugu goriilebilir. Zorbalara gore daha kaygilidirlar ve daha az
poplilerdirler, sosyal becerileri ve problem ¢dzme becerileri zayiftir, akranlarini rahatsiz etme
egilimindedirler ve bu nedenle akranlar1 veya 6gretmenleri tarafindan pek sevilmeyebilirler.
Tutarsiz veya zayif ebeveynlige sahip, diigiik sicaklikli ailelerden gelme olasiliklart daha
yiiksektir ve saldirgan davranislar1 evden 6grenebilirler (Shetgiri, 2013).

Magdurlarin Ozellikleri

Zorbalik magdurlarinin ¢ogunlugu pasif veya itaatkar magdurlardir (kiskirtici/agresife karsi).
Zorbalardan fiziksel olarak daha kiiclik, daha az iddiali, daha endiseli, giivensiz veya hassas
olabilirler. Zorbalik magdurlar1 arkadas edinmekte de zorluk yasayabilir ve yetiskinlerle
akranlarindan daha iyi iligkiler kurabilir. Ayrica 6zsaygilar1 daha diisiik olabilir, bu da onlarin
zorbaliga maruz kaldiklarin1 bildirme olasiliklarinin  daha diisik olmasma neden
olabilir. Zorbalar ve zorba-kurbanlarla karsilastirildiginda, magdurlar en yiiksek diizeyde
yalmizlik ve kaygi bildirirken, zorbalar en diisiik diizeyde oldugunu bildiriyor. Magdurlar
akranlar1 arasinda en diisiik sosyal statiiye sahiptir ve zorbalar en yiiksek sosyal statiiye sahiptir,
ancak zorba-kurbanlardan en ¢ok sinif arkadaslar1 kag¢inir (van Geel ve ark., 2018).

Siber Zorbalarin ve Magdurlarin Ozellikleri

Siber zorbalar ve kurbanlar bazi benzersiz davraniglar sergilerler. Zorbalar mutlaka
kurbanlarindan daha giiclii degildir; genellikle anonimdirler ve zorbaligin neden oldugu
sikintty1 goremezler. Siber zorbalik okulda ve evde meydana gelir ve tespit edilmesi ve
miidahale edilmesi diger zorbalik tiirlerine gore daha zor olabilir. Siber zorbaligin izini stirmek
de daha zordur, dolayisiyla zorbalarin kimliklerinin tespit edilmesi korkusu daha azdir. Siber
zorbalar, geleneksel ¢evrimdisi zorbaligin kurbanlar1 veya failleri olabilir. Siber zorbalarin
cogunlugu kurbanlarini taniyor ancak magdurlarin {igte birinden az1 zorbalarini sahsen
taniyor. Magdurlarin siber zorbaligi okul yetkililerine bildirme olasiliklar1 ebeveynlere
oldugundan daha azdir. Bagkalarina siber zorbalik yapan, geleneksel zorbaliga maruz kalan ve

sosyal sorunlar1 olan cocuklarin siber zorbaliga maruz kalma olasiliklar1 daha yiiksektir
(Kiriakidis, Kavoura, 2010).

Zorbahk Sucuna iliskin Risk ve Koruyucu Faktorler

Zorbalik su¢una yonelik risk faktorleri

Cocugun yasinin kii¢iik olmasi

Erkek cinsiyeti

Depresyon, akil sagligi sorunlar1 veya duygusal/gelisimsel/davranigsal sorunlarin varligi
Diisiik akademik basari

Madde kullanimi
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Cocuk istismarina ve aile i¢i siddete maruz kalma

Afrikali-Amerikali veya Latin kokenli irk/etnik kdken

Cocukta yiiksek diizeyde 6fke

Ebeveynlerin fiziksel ceza kullanmasi

Ebeveyn-¢ocuk iletisiminin zayif olmasi

Anne ruh sagliginin optimal diizeyde olmamasi

Ebeveynin ¢ocuguna 6fkesi

Ebeveynlerin ¢ocuklarinin kendilerini ¢ok rahatsiz ettigini belirtmesi

Ebeveyn denetimi eksikligi

Yiiksek aile ¢atismasi

Sinif arkadaslariyla zayif iligkiler

Akranlardan gelen olumsuz etkiler

Giivensiz bir mahallede yasamak.

Anne ve babanin depresyonu da ¢ocuk zorbaligini etkileyebilir. Anne depresyonu zorbalikla
iligkilidir. Bu iliskiye, depresif anneler ve ¢ocuklar1 arasindaki daha diisiik kalitede etkilesim
veya zorbalikla iligkilendirilen annenin ¢ocuga olan baglhiliginin azalmasi aracilik ediyor
olabilir. Depresyonlu anneler ve ¢ocuklari arasindaki etkilesimlerin daha sinirli, elestirel ve
diismanca olmast muhtemeldir. Kronik depresyon ayni zamanda kotii ebeveynlik
davraniglariyla ve olumsuz ¢ocuk sonuglariyla da iligkilidir. Babanin depresyonu ile ¢ocuga
yonelik zorbalik arasindaki iliski daha az aciktir. Bazi ¢alismalar babalardaki depresyonun
cocukta daha kotii sosyo-duygusal gelisimle38 ve daha fazla igsellestirme ve digsallastirma
davraniglariyla iligkili oldugunu ileri siirmektedir. Bir arastirma, okuldayken zorbaliga maruz
kalan babalarin zorbaliga maruz kalan g¢ocuklarna sahip olma ihtimalinin daha yiiksek
oldugunu ortaya ¢ikard: (van Geel ve ark., 2018).

Iki ebeveynli bir ailede yasamak, anne sicaklig1, ebeveynlerin cocuklariyla ilgilenmesi, olumlu
yetiskin rol modelleri ve yiiksek ebeveyn destegi zorbaliga kars1 koruyucudur (van Geel ve ark.,
2018).

Magduriyete Iliskin Risk ve Koruyucu Faktorler
Magduriyet riskini artiran faktorleri asagida siralanmustir.
Zorbaliga maruz kalmanin risk faktorleri

Fiziksel olarak zayif olmak

Diistik 6z deger

Olumsuz benlik algilari

Diisiik sosyal yeterlilik

Zayif sosyal beceriler ve problem ¢dzme yetenekleri
Igsellestirici davranislar (depresyon, kayg1)

Giivensiz anne-¢ocuk baglanmasi

Annenin asir1 koruyuculugu

Miidahaleci veya zorlayici ebeveynlik

Cocuk istismari

Zorba-Magduriyet Risk Faktorleri

Listelenen cesitli faktorler, zorba-kurban olma riskinin daha yiiksek olmasiyla iliskilidir.
Zorba-kurban olma risk faktorleri
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Duygusal diizensizlik

Hiperaktivite

Diisiik sosyal yeterlilik

Zay1f problem ¢6zme becerileri

Zayif benlik saygisi

Baskalar1 hakkinda olumsuz algilar

Zay1f akademik performans

Akran reddi ve izolasyon

Cocugun etkilesimde bulundugu akranlarindan gelen olumsuz etkiler
Okuldan kopukluk (van Geel ve ark., 2015).

GENEL DEGERLENDIRME VE SONUCLAR

Son derece rahatsizlik verici olan zorbalik sadece magdur veya zorbalar: etkilememekle
beraber zorbalikla direkt ilgisi olmayan diger 6grencileri de olumsuz etkileyebilecek bir
olgudur. Bu durumda 6grenciler kendi hallerine birakilip 6nlem alinmaz ise baskalarinin
tizerindeki giiclerini kotiiye kullanmaya devam edebilmekte, cevresindekiler i¢in tehdit
olusturabilmektedir
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ABSTRACT

The future of space nursing presents many challenges and opportunities. Nurses can take part
in space nursing by integrating technology into nursing practice, enhancing the role of
healthcare in space exploration. It could even play a vital role in maintaining the well-being and
health of astronauts and future space settlers by preparing for the establishment of settlements
beyond Earth. The purpose of this review article is to draw attention to space nursing and to
share the results of a small number of studies on this subject.

Online databases (PubMed, Medline, Web of Science, Wiley, Sipringer, CINAHL) for

% ¢¢

published articles on the subject using the terms “space nursing”, “Health problems in space”,

“space care”, “space medicine”, “space health research”. English articles were scanned. Data
were collected on space nursing, study design, and outcomes.

The field of Space Nursing is growing rapidly, but there is still a significant gap and need for
innovation and implementation of new care protocols and methods in microgravity
environments. In addition, identifying risky components that may negatively affect human
health in space is also an important issue.

Key Words: Nursing, Space, Space Nursing, Space Health

UZAY HEMSIRELIGI
OZET

Uzay hemsireliginin gelecegi ¢cok sayida zorluk ve firsati birlikte sunmaktadir. Hemgireler, uzay
arastirmalarinda saglik hizmetlerinin roliinii gelistirerek, hemsirelik uygulamalarina teknolojiyi
entegre ederek uzay hemsireliginde yer alabilirler. Hatta diinya Otesinde yerlesimlerin
kurulmasina hazirlanarak, astronotlarin ve gelecekteki uzay yerlesimcilerinin refahi ve
sagliginin siirdiiriilmesinde hayati bir rol oynayabilir. Bu derleme makalenin amaci uzay
hemsireligine dikkat c¢cekmek ve bu konuda az sayida yapilmis ¢alisma sonuclarinm
paylagmaktir.

Konu ile ilgili yaymnlanan makaleler i¢in ¢evrimici veri tabanlar1 (PubMed, Medline, Web of
Science, Wiley, Sipringer, CINAHL) “uzay hemsireligi”, “Uzayda saglik problemleri “uzayda

bakim”, “uzay tibb1”, “uzay saglik arastirmalari” terimlerini kullanarak Ingilizce makaleler
tarandi. Uzay hemsireligi, calisma tasarimi ve sonuglart hakkinda veriler toplanmistir.
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Uzay Hemsireligi alan1 hizla biiyliyor ancak mikro yercekimi ortamlarinda yenilik ve yeni
bakim protokolleri ve yontemlerinin uygulanmasi konusunda hala 6nemli bir bosluk ve ihtiyag
var. Ek olarak, uzayda insan sagligint olumsuz yonde etkileyebilecek riskli bilesenlerin
belirlenmesi de 6nemli bir husustur.

Anahtar Kelimeler: Hemsirelik, Uzay, Uzay Hemsireligi, Uzayda saglik

GIRIS
Uzay hemsireligi, uzay iizerinde calisan hemsirelik uzmanligidir. Uzay yolculugunun insan
tizerindeki tepkileri insanin nasil etkilendigi ile ilgilenen uzay tibbina benzer sekilde hemsirelik
uzmanlik alanina katkida bulunmaktadir. Kalic1 uzay istasyonunda insanlarin yasamasini ve

caligmasin1 saglamak uzay hemsireliginin zorluklarindan biridir. Uzay hemsirelii uzaya
adaptasyon saglamak i¢in saglik hizmeti roliinii de kapsayacak sekilde genisletilmelidir.

Uzay hemsireligi uygulamalarina yonelik olanaklar tiretebilir, saglik bakiminin siirdiiriilmesine
etkili katki saglar. Uzayda yasamanin ve ¢alismanin kesfi uzay istasyonu personeli ile igbirligi
yapan bir ekip iiyesi olmaktan gecer.

Ticari havaciligin baslangicindan bu yana 1920'li yillarda hemsireler havaciligin ve ugusun bir
parcast olmustur. 1958, NASA'y1 kurmak icin Havacilik ve Uzay Yasasi imzalandi. Bu
Kanun’un bir kism1 da tibbi birimlerle yakin ¢alisacak hemsireleri ise almakti. Astronotlarin
uzaya uygunlugunun belirlenmesi i¢in hemsireler ekiplerde gorev aldi. Astronotlarin
gorevlerden dondiiklerinde uzay ugusu etkilerinin gézlemlenmesinde Hemsireler yardimci
oldu.

"NASA'nin ilk astronotlari"nin Ilk Hemsiresi “Dee O'Hara’dir. Dee ilk yedi Mercury
astronotuyla birlikteydi ve diger astronotlarla birlikte yoluna devam etti. Ik Merkiir
firlatmasindan baglayarak tiim firlatmalar1 gordii. Apollo ve Skylab programlari ve 1983 yilinda
ilk mekik ucusu gerceklesti. Tegmen Dolores O'Hara ve Tegmen Shirley Sineath ilk yedi
projede gorevlendirilen ilk hemsireler Merkiir astronotlariydi. Hemsireler uzayda saglik
hizmetlerinin gelistirilmesine 6nemli katkida bulunabilirler (Vandali et al., 2018)

Uzay hemsireliginin gelecegi ¢ok sayida zorluk ve firsat sunmaktadir. Hemsireler, uzay
arastirmalarinda  saglik  hizmetlerinin roliinii  genisleterek, teknolojiyi  hemsirelik
uygulamalarina entegre ederek ve diinya Otesinde yerlesimlerin kurulmasina hazirlanarak,
astronotlarin ve gelecekteki uzay yerlesimcilerinin refah1 ve sagliginin saglanmasinda hayati
bir rol oynayabilir (Bloomfield et al., 2022).

Amag: Bu derleme makalenin amaci uzay hemsireligine dikkat gekmek ve bu konuda az sayida
yapilmis calisma sonuclarin1 paylagmaktir.

YONTEM

Konu ile ilgili yaymlanan makaleler i¢in ¢evrimigi veri tabanlar1 (PubMed, Medline, Web of
Science, Wiley, Sipringer, CINAHL) “uzay hemsireligi”, “Uzayda saglik problemleri “uzayda
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bakim”, “uzay tibb1”, “uzay saglk arastirmalar1” terimlerini kullanarak ingilizce makaleler
tarandi. Uzay hemsireligi, ¢alisma tasarimi ve sonuglar1 hakkinda veriler toplanmustir.

Benzer sekilde, calismayi1 zenginlestirebilecek ve gili¢lendirebilecek yeni bakis agilari,
yaklasimlar veya bulgular elde etmek icin baska aragtirma ¢alismalar1 da dahil edilmistir.
Makale tiirii ve yaymlanma tarihi konusunda herhangi bir kisitlama yoktur. Makalelerin se¢im
kriterlerine iliskin olarak, elektronik aramalarin ardindan makaleler daha Once secim,
siniflandirma ve degerlendirme i¢in Rayyan QCRI uygulamasina (https://rayyan.qcri.org)
aktarilmigtir (Ouzzani et al., 2016). Baslangigta, 6zellikle aragtirma konusuyla ilgili olmayan
miikerrer kayitlar elendi. Daha sonra bagliklar, 6zetler ve makalelerin tam metni okundu. Bu
aktivite, belirlenen kayitlarin konuyla alakali olup olmadigini ve arastirma hedeflerini
karsilay1p karsilamadigini uyumluluk ve homojenlestirmeyi degerlendirmemize olanak sagladi.
Makale tiirii veya yayinlanma tarihi konusunda herhangi bir kisitlama getirilmedi, bu da genis
bir yelpazedeki makalelerin dahil edilmesine imkan sagladi.

SONUCLAR VE DEGERLENDIRME
Uzaydaki saghk sorunlari ve riskler

Diinya hakkinda bilinenlere temel saglasa da uzay radyasyonuna maruz kalmak ve bunun
kanserojen etkilerinin, nasil ele alinabilecegi uzay tibbinin énemli alanlarinda biridir. Ayni
zamanda kalbe olan baski, bu yiizden kardiyovaskiiler ve sinir sistemine nasil etkiledigini
anlamak gerekmektedir.

Uzayda mikro yer¢ekiminden dolay: alt uzuvlari kullanmamak viicudu degistirir, bu nedenle
kas atrofisi ve kemik sagligi sorunlarim1 gidermede diizenli egzersiz gibi karsi Onlemlerin
alinmas1 gerekir. Diinya {izerinde kullanilan ve uzaydan kaynaklanan bir bagka tibbi yenilik de,
beyin tiimoriiyle ilgili ameliyatlar gergeklestiren hassas bir robotik uzuv olan 'sinir kolu'dur.
Bu sinir kolu uzay mekigi'nde kullanilmak tizere insan kolunun el becerisine sahiptir
(Bloomfield et al.,2022). Uzay arastirmalari sirasinda astronotlar olagandisi ve hatta yikici
tehditlerle kars1 karsiyadir [Burge,1992], bunlarin bazilarini gezginlerin hayatini ve giivenligini
tehlikeye atabilecek tibbi acil durumlara doniigsebilecek sekildedir [Gémez Ayala R, Puente
Duran, 2018, Symanski, 2000). Bu problemler ISS iginde ve Ara¢ Dis1 Faaliyetlerin (EVA)
gergeklestirilmesi sirasinda fark edilmeyebilir (Bloomfield et al., 2022). Bu durumlari tahmin
etmenin bir yolu, gergeklesme olasiligini analiz etmektir.

Bu problemler su sekilde siiflandirilir:

a) Hafif: uzay adaptasyon sendromu, Uzay Hareket Hastaligi (SMS), kusma, bas donmesi,
gastrointestinal semptomlar (Tucker, 1990), siddetli halsizlik, (Czerwinsk et al., 2000; Butcher,
Forchuk, 1992; Tucker, 1990), bas agris1 (Bloomfield et al., 2022), eklem agrilar1 (Symanski,
2000), yorgunluk, bitkinlik (Czerwinsk et al., 2000), komplike olmayan idrar yolu enfeksiyonu
(Orgill Mira, Escobar Bravo, 2017), iist solunum yolu enfeksiyonu (Gémez et al., 2018), basit
yirtilmalar, kas gerilmeleri (Bloomfield et al., 2022), burkulmalar (Chonin, McDowell, 2004),
anksiyete ve depresyon (Butcher, Forchuk, 1992).

b) Orta: uzay giysisi dekompresyonuyla kalpte ve kan damarlarinda gaz embolisi (Symanski,
2000), kardiyak aritmiler (Pandian, 2022; Symanski, 2000; Chandler, Polk-Walker, 1989),
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komplike olmayan miyokard enfarktiisli, perfore duo-denal {ilser, solunum bozuklugu
sendromu, nefrolitiazis, divertikiilit, apandisit, agik gogiis yarasi, kafa travmasi, viicudun
%40'mdan fazla yaniklar (Gomez Ayala, Puente Duran, 2018, Symanski, 2000), kiriklar
(Symanski, 2000), uzay anemisi [Burge, 1992], komplike idrar yolu enfeksiyonu (Orgill Mira,
Escobar Bravo,2017), hemodinamik bozuklugu olan kanamalar, iyonlastirici radyasyon
(Bloomfield et al., 2022) ve 111 derece burkulmalar (Chonin, McDowell, 2004; de Morais et al.,
2021).

c¢) Siddetli: patlayici uzay giysisi dekompresyonu (Symanski, 2000), mikrometeorit kazalari,
siddetli sarsintilar (Bloomfield et al., 2022), sepsis, sok ve komplike kardiyak aritmiler (Gomez
Ayala, Puente Duran, 2018).

Hemsirelik, temel dayanagi ve teorik-bilimsel metodolojik silirecin uygulanmasi nedeniyle
saglik hizmetlerinde bir¢ok fayda saglayan diinyanin en biiyiik mesleklerinden biridir. Uzay
alaninda, insanin yasayabilecegi ve ¢alisabilecegi, insan ihtiyaglarina ve yanitlarina dayanan
biitiinsel bir yaklasimla multidisipliner bir alanin pargasi olarak yer almaktadir (Gémez Ayala,
Puente Duran, 2018).

Uzayda hemsirelik bakiminin etkili yonetimi, dikkatli planlamay1 ve uzay ortaminin kendine
0zgl zorluklarinin ve smirlamalarinin dikkate alinmasini gerektirir. Hemsgireler tibbi acil
durumlarla basa ¢ikmak ve yer ¢ekiminin olmadigir durumlarda hasta bakimini yénetmek igin
egitilmelidir (Czerwinsk et al., 2000). Ayrica uzun siire uzayda kalmanin yol agtig1 psikolojik
ve duygusal zorluklarin istesinden gelmeye de hazirlikli olmalari gerekir. Saglik hizmeti
saglayicilari, 6zel egitim programlar gelistirerek ve mevcut hemsirelik uygulamalarini uzay
yolculugunun taleplerini karsilayacak sekilde uyarlayarak, hastalarin konumlarina
bakilmaksizin miimkiin olan en iyi bakimi almasini saglayabilirler (Czerwinsk et al., 2000;
Goémez Ayala, Puente Duran, 2018). Uzayda tibbi bakim, 6zellikle astronotlarin ¢esitli saglik
risklerine maruz kalabilecegi uzun siireli gorevlerde kritik bir konudur. Uzayda hemsirelik
bakimi yonetimi, astronotlarin sagligim1 ve refahini saglamak i¢in ¢ok Onemlidir. Tahliye
sistemi ayni1 zamanda tibbi acil durumlarda da 6nemlidir, zira acil bir durum veya ciddi bir
hastalik durumunda astronotlarin hizli bir sekilde tahliye edilmesi gerekebilmektedir (Cao,
2022). Tele tip ve dijital saglik, uzay hemsireliginde ¢ok 6nemli bir rol oynamaktadir. Bu
teknolojiler, saglik verilerinin elde edilmesi, saklanmasi ve iletilmesi i¢in telekomiinikasyon ve
teknolojik araglarin kullanimini ve ayrica sanal toplantilarin miimkiin kilinmasini igermektedir
(Gémez Ayala, Puente Duran, 2018; Chonin, 1998).

Uzay Hemsireliginde Olas1 Zorluklar

Hemsireligin uzay arastirmalarinin geleceginde ¢ok dnemli bir rolii vardir (Burge, 1992). Su
anda uzayla ilgili aragtirmalarda yer alan yalnizca birka¢ hemsirelik uzmani olmasina ragmen,
NASA'nin yasam bilimleri stratejik planlama ¢alisma komitesinin son onerileri, gemide
hizmete daha fazla firsat ve katilim potansiyeline isaret etmektedir (Symanski, 2000; Chandler,
Polk-Walker, 1989). Uzay ajanslarinda, uzay arastirma programlarinda veya tibbi ekiplerde
calisan havacilik hemsireleri, kapsamli akademik ve teknik egitimin yami sira, uzaydaki
beklenmedik tibbi olaylar karsisinda bakim, koruma ve sagligin korunmasini saglamak i¢in
olagantistii becerilere sahip olmalidir (Miller, 1991).
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Teknolojinin hemsirelik uygulamalarina entegrasyonu, saglik hizmeti sunumunda devrim
yaratma potansiyeline sahip, hizla gelisen bir alandir (Schweitzer et al. 2020). Tele-saglik gibi
bilgi teknolojileri, tibbi bakima erisimin smirli oldugu, uzak ve tehlikeli yerlerde saglik
hizmetlerinin saglanmasinda giderek daha 6nemli hale gelmektedir (Czerwinski et al., 2000;
Chonin, McDowell, 2004). Hemsireler, kapali ortamlar, Antarktika gezileri, Mars'taki
benzerleri, tiiplii dalis ve uzay arastirmalar1 dahil olmak {izere izole ve zorlu kosullarda yasayan
ve calisan bireylere koruyucu, tanisal ve tedavi edici bakimin saglanmasinda kritik bir rol
oynamaktadir (Schweitzer et al. 2020). Uzayda hemsireler, Uluslararas1 Uzay Istasyonu (ISS),
yoriingedeki tisler, Ay ve Mars'ta Onleyici, tanisal ve tedavi edici bakimin saglanmasinda temel
bilesenlerdir ve olmaya devam edecektir (Gomez Ayala, Puente Duran, 2018: Symanski, 2000;
Chonin, McDowell, 2004; Chonin, 1998). Hemsirelik uygulamalarinda bilgi teknolojilerinin
kullanilmasi, etkili bakim yonetimine ve bu uzmanligin gelisimini destekleyen cesitli
faaliyetlerin yayginlagsmasina olanak saglayacaktir (Czerwinski et al., 2000; Plush, 2003).

GENEL DEGERLENDIRME VE SONUCLAR

Uzay Hemsireligi alan1 hizla biiyliyor ancak mikro yercekimi ortamlarinda yenilik ve yeni
bakim protokolleri ve yontemlerinin uygulanmasi konusunda hala 6nemli bir bosluk ve ihtiyag
var.

Gelecegin hemsirelik profesyonelleri, astronotlarin saglik ve giivenligini saglamak icin
kapsamli bilgi, beceri ve risk dnleme stratejilerine sahip olmalidir. Incelenen belgelerde
iletigim, tehlikeli ortamlar, hareket ve pozisyon, beslenme ve oksijenlenme gibi temel ihtiyaglar
ele alimmistir. Ek olarak, uzayda insan sagligimi olumsuz yonde etkileyebilecek riskli
bilesenlerin belirlenmesi de 6nemli bir husustur.
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OZET

Nomofobi, literatiirde teknoloji bagimliligi kapsaminda ele alinan ve mobil telefon yoksunlugu
olarak tanimlanan bir durumdur ve akilli telefon kullanim sikligiyla iligkili olarak
gelismektedir. Nomofobi, mobil telefondan ve internetten uzak kalma korkusu olarak
tanimlanan modern cag fobisidir. Klinik psikolojide ise nomofobi; kisinin cep telefonuna
ulasamadiginda veya cep telefonu iizerinden iletisim kuramadiginda yasadig: istemsiz korku
duygusu olarak tanimlanmaktadir. Kisinin cep telefonundan mahrum kaldigi durumlarda
anksiyete ve stres yasamasi nomofobi varligina isarettir. Bu arastirmada hemsirelik 6grencileri
ile ytriitiilen arastirmalar Google Akademik arama motorunda hemsirelik 6grencisi, nomofobi
ve bu kelimelerin Ingilizceleri olan nursing students, nomophobia anahtar kelimeler ile
taranarak belirlenmis ve elde edilen ¢alismalar konularina yonelik kategorize edilerek bulgulari

yorumlanarak c¢ikarimlar yapilmistir.

Anahtar Kelimeler: Nomofobi, Hemsirelik, Ogrenci.
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ABSTRACT

Nomophobia, defined in the literature as a condition falling under the scope of technology
addiction, is characterized by mobile phone deprivation and develops in relation to the
frequency of smartphone use. Nomophobia is defined as a modern-day phobia of being away
from a mobile phone and the internet. In clinical psychology, nomophobia is described as the
involuntary feeling of fear experienced when a person cannot access their mobile phone or
communicate via their mobile phone. Experiencing anxiety and stress in situations where a
person is deprived of their mobile phone indicates the presence of nomophobia. In this study,
research conducted with nursing students was identified using the keywords "nursing students™
and "nomophobia™ on the Google Scholar search engine, and the studies obtained were
categorized according to their topics. The findings were interpreted, and conclusions were

drawn.

Keywords: Nomophobia, Nursing, Student.

1. GIRIS
Akallr cep telefonlari, giinlimiizde en sik kullanilan teknolojik cihazlardan biridir. Haberlesme
islevinin yani sira, video ve fotograf cekme, sosyal medyaya erisim, aligveris yapma, bankacilik
hizmetleri, navigasyon, miizik dinleme, e-mail ve internet erigimi ve oyun oynama gibi bir¢ok
farkli imkan1 da sunmaktadir. Bu 6zellikler, akilli telefonlar1 bireyler i¢in cazip hale getirmekte
ve kullanim oranlarinda yiiksek artiglara yol agmaktadir. Ancak, kullanim oranlarindaki bu

artiglar avantajlar sagladigr gibi giinliik yasamda bircok olumsuz durumu da beraberinde
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getirebilir. Bu nedenle, akilli telefon kullaniminda smirlamalarin iyi belirlenmesi
gerekmektedir (Giircay vd., 2024; Okuyan vd., 2019).

Akilli telefonlar, hayatimizda bir¢ok kolaylik saglamasinin yani sira birey ve toplum {izerinde
davranig ve aliskanliklar gibi bir¢cok alanda sosyal ve psikolojik olumsuz durumlara da yol
acabilmektedir. Yapilan aragtirmalar, asirt mobil telefon kullaniminin bas, boyun, sirt ve el gibi
fiziksel sorunlarin yani sira uyku bozuklugu, dikkat dagimikligi, korku, kaygi, stres, depresyon
ve kisilik bozukluklar1 gibi psikolojik sorunlara da neden olabilecegini ortaya koymustur
(Cakmakci & Oner, 2022; Tamura vd., 2017).

Akilli telefonlarin giderek artan yiiksek diizeyde kullanimi ile bireylerde cep telefonlarina
erisememe veya kullanamama korkusunu beraberinde getirmistir. Bu korku literatiirde
nomofobi (No Mobile Phone Phobia) olarak isimlendirilmistir. Bu durum ilk kez Ingiltere’de
raporlanmistir. Sanal ve dijital toplumun sorunu olan nomofobi teknolojiye erigememenin
patolojik bir korkusu olarak da tanimlanmaktadir (Bragazzi, Del Puente, 2014). Nomofobi,
modern toplumlarda giderek artan bir sorun haline gelmistir, ¢iinkii insanlar telefonlarina olan
bagimliliklarin1 kaybetmekten endise duyabilir ve bu durum giinliik yasamlarini olumsuz

etkileyebilir (King, Valeng¢a, & Nardi, 2010).

Cep telefonunu sikca ve uzun siire kullanmak, hatta birden fazla cihaza sahip olmak; telefonun
yakinlarda bulunmamasi, cihazin kullaniminin yasak oldugu yerlerde bulunmak, sinyalin
olmadig1 bolgelerde veya bataryanin bitmesi gibi sebeplerle telefonu kullanamamak, bireylerde
endise ve gerginlige yol agabilir. Siirekli olarak mesaj veya cagr1 gelip gelmedigini kontrol
etmek i¢in ekran1 izlemek, hayali zil sesleri duymak veya baska bir telefonun sesini karistirmak
gibi alg1 bozukluklar1 yasamak da nomofobinin belirtileri arasindadir. Telefonu her zaman agik
tutmak (gilinde 24 saat) ve mobil cihazla yatakta uyumak, ayrica kaygi ve stres yaratabilecek
yliiz ylize sosyal etkilesimlerden kag¢inarak yeni teknolojiler araciligryla iletisim kurmayi tercih
etmek, nomofobinin belirgin semptomlar: arasinda yer alir.

Bu belirtiler, cep telefonunun bireylerde bagimlilik yaratabilecegini ve dijital diinyadan kopma
korkusunun (nomofobi) modern toplumda yayginlasgtigini1 géstermektedir (Okuyan vd., 2019).
Hemsirelik gibi dikkat ve odaklanma gerektiren ciddi mesleklerde, bu tiir bir bagimliligin
varligl, saglik hizmetlerinin kalitesini olumsuz etkileyebilir. Hemsirelerin hastalarina
sunacaklar1 bakim ve hizmette dikkatin dagilmasi, iletisim eksiklikleri ya da stresle basa
cikmada yetersizlik gibi durumlar, hasta giivenligini tehlikeye atabilir. Bu nedenle, hemsirelik

ogrencilerinin nomofobi diizeylerinin mezun olmadan once degerlendirilmesi, bu sorunun
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farkina varilarak ¢oziimler gelistirilmesi acisindan 6nem arz etmektedir. Egitim siirecinde
nomofobiye yonelik farkindalik artiric1 programlar ve dijital detoks uygulamalari, gelecekte
saglik profesyonellerinin mesleki performanslarini iyilestirmeye yonelik onemli adimlar
olabilir. Hemsirelik egitimi sirasinda bu tir Onlemlerin alinmasi, hemsirelerin meslek
hayatlarina daha giiclii bir sekilde baglamalarini saglayacaktir.

Bu konuya dair aragtirmalar, cep telefonu bagimliliginin saglik profesyonelleri tizerindeki
olumsuz etkilerini ortaya koymakta ve egitim siirecinde bu tiir bagimliliklarin 6niine gegilmesi
gerektigini vurgulamaktadir. Dolayisiyla bu arastirma hemsirelik 6grencilerinde nomofobi ile

iligkili yapilan aragtirmalarin incelenmesi amagh yapilmistir.

2. YONTEM

Hemsirelik Ogrencileri ile yiiriitiilen arastirmalar Google Akademik arama motorunda
“hemsirelik 6grencisi”, “nomofomi”, “nursing students”, “nomophobia” anahtar kelimeleri ile
taranarak belirlenmis ve elde edilen ¢aligmalar konularina yonelik kategorize edilerek bulgular

yorumlanarak ¢ikarimlar yapilmistir. Toplam 23 ¢alismaya ulasiimistir.

3. BULGULAR VE TARTISMA
Tarama sonucunda hemsirelik 6grencilerinde nomofobiyle iligkili yapilan ¢alisma sayist 23
olarak tespit edildi. Makalelerin yayinlandig: yillara gore dagilimi Grafik 1’de sunuldu. Grafik

2’de ise makalelerin yurt i¢inde ve yurt disinda yapilma durumlarina ait sayilart belirtildi.

/
4
3 3
2 2 I 2 I

2018 2019 2020 2021 2022 2023 2024
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Grafik 1. Makalelerin yillara gore dagilimi
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Grafik 1 incelendiginde hemsirelik 6grencilerinde nomofobiyle ilgili yapilan aragtirma
sayilarinin 2018 ve 2019 yillarinda 2’ser adet, 2020°de 4 adet, 2021 de 3 adet, 2022°de 2 adet,
2023’de 7 adet v e 2024°de 3 adet oldugu goriilmektedir.

12.2
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11.6
11.4
11.2 11
11
10.8
10.6
10.4
yurt digi

12

yurtici

Grafik 2. Makalelerin yurt iginde ve yurt disinda yapilma durumlarina iliskin dagilim

Grafik 2 incelendiginde yurt disinda 11, yurt icinde ise 12 adet makale yaymlandigi

goriilmektedir.

Cizelge 1’de yayinlanan makalelere iliskin makale adi, yazar bilgileri, 6rneklem, bulgu ve
sonugclarina iligkin bilgiler sunuldu.

Cizelge 1. Makalelere Iliskin bilgiler

ARASTIRMANIN ADI YIL ve ORNEKLEM BULGU-SONUC
YAZARLAR
Hemygirelik ve tip fakiiltesi Canan Okuyan 846 6grenci Ogrencilerin orta diizeyde
ogrencilerinin nomofobi Pinar Doner Nomofobi Olgegi nomofobiye sahip olduklari
diizeylerinin belirlenmesi ~ Giiner Sabahat belirlenmistir.

Determination of
Nomophobia Levels of
Nursing and Medical
Students

Uslusoy Giines
2019

Hemsirelik Ogrencilerinde
Nomofobi ve

Saglikli Yasam Becerileri:
Tanimlayici Aragtirma
Nomophobia and Healthy
Living Skills in Nursing
Students:

Description Research

Sebahat
Atalikoglu
Baskan,
Necla
Kasimoglu,

Demet Giines
2023

Tiirkiye’nin dogusunda
bir iniversitenin saglik
bilimleri

fakiiltesi hemsgirelik
boliimiinde okuyan 336
ogrenci

Nomofobi Olgegi ve
Saglikli Yasam
Becerileri Olgegi

Ogrencilerin orta diizeyde
nomofobi yasadiklar1 ve saglikli
yasam becerilerinin olumlu yonde
oldugu belirlendi.

Hemsirelik Fakiiltesi
Ogrencilerinde Nomofobi,
Depresyon ve Psikolojik
Iyi Olus Diizeyleri
Arasindaki Iliskinin
Incelenmesi

Biisra Cakmakgi,
Hatice Oner
2023

442 hemgirelik
Ogrencisi

Veriler; kisisel bilgi
formu, nomofobi dlcegi
ve Beck depresyon
envanteri (BDE),

Nomofobi ve depresyon puanlari
orta diizeyde, psikolojik iyi olus
ortalamanin {izerinde
bulunmustur.

Nomofobi ile Beck depresyon
puanlar1 arasinda pozitif yonde
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Investigaton Of The psikolojik iyi olug diigiik diizeyde anlamli iligki

Relationship Between dlgegi (PI00) vardir.

Nomophobia, Depression Nomofobi ile psikolojik iyi olus

And Psychological Well- puanlari arasinda negatif yonde

Being Levels In Nursing diisiik diizeyde bir iliski tespit

Faculty Students edilmistir.

Hemsirelik Ogrencilerinin ~ Biisra Giircay, 139 hemsirelik Ogrencilerin mobil telefon

Nomofobi Diizeyleri Ile Fatma Tanrikulu, dgrencisi yoksunlugu diizeylerinin orta,

Akademik Oz Yeterlikleri ~ Berra Bas, sosyodemografik veri akademik 06z yeterlik toplam

Arasindaki Tliskinin Nurseza Ceylan,  formu, Nomofobi puanlarinin  ise orta diizeyin

Incelenmesi Hilal Nalbant, Olgegi ve Akademik tizerinde  oldugu  saptanarak

Investigation of the 2024 Oz Yeterlik Olgegi aralarinda iliski olmadig1

Relationship between sonucuna ulasilmustir

Nomophobia Levels and

Academic Self-

Efficiencies of Nursing

Students

Investigation Giilli Yazkan, Nomofobi Olgegi Nomofobi Olgegi X+SD

Ofnomophobia Levels Of  Nezihe Ugurlu, (NMP-Q) 74.88+28.91 olarak belirlenmistir.

Nursing Deparment Fatma Birgili 181 dgrenci Ayrica, giris 6zellikleri ve toplam

Students 2022 nomofobi puani incelendiginde,
telefonunu uyanir uyanmaz
kontrol etme, sarj cihaz1 tagima,
uyumadan dnce telefonla zaman
gecirme ve giinliik telefon
kullanim siklig1 arasinda
istatistiksel olarak son derece
anlamli bir iligki tespit edilmistir
(p<0.001).

ARASTIRMANIN ADI YIL ve ORNEKLEM BULGU-SONUC

YAZARLAR
Comparative study Lorena Gutiérrez  Ispanya'daki Almeria Ana sonuglar hem Ispanyol hem

of nomophobia among
Spanish and
Portuguese nursing
students

-Puertas et al.,
2019

Universitesi ve
Portekiz'deki Braganza
Politeknik
Enstitiisii'ndeki 258
hemgirelik 6grencisi
Nomofobi anketi
kullanildi;

de Portekizli hemgirelik
dgrencilerinin nomofobi diizeyleri
agisindan ortalamadan daha
yiiksek puanlar aldigini gosterdi.

Relationship between

Sevecen Celik

607 hemsirelik

Ogrencilerin orta diizeyde

nomophobia of nursing Ince 2020 Ogrencisi “Kisisel Bilgi nomofobiye sahip olduklari
students and their obesity Formu”, “Nomofobi belirlenmistir.
and self-esteem Anketi (NMP-Q)” ve Nomofobi ile obezite ve benlik
“Benlik Saygisi saygis1 arasinda anlamli bir iligki
Derecelendirme bulunamamustir.
Olgegi-Kisa Form
The Effect of Problematic ~ Ayar, Dijle, Calisma 755 lisans Regresyon analizine gore,
Internet Use, Social Ozalp Gergeker, diizeyinde hemsirelik nomofobi diizeyleri problemli
Appearance Anxiety, and  Giilgin Ozdemir, &grencisi ile Internet kullanimi, sosyal
Social Media Use on Emine Zahide, gerceklestirilmistir. goriiniim kaygist ve sosyal medya

Nursing Students'
Nomophobia Levels

Bektas, Murat,
2018

bagimlilig1 degiskenleriyle giicli,
pozitif ve anlaml1 bir iligkiye
sahiptir.
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Nomophobia in nursing
students at padjadjaran
university

Evi Annisa
Haryati, Efri
Widianti, Nur
Oktavia Hidayati
2020

Padjadjaran
Universitesi Hemsirelik
Ogrencisi

Orneklemler, 2016,
2017, Nomofobi

Anketi (NMP-Q)

Katilimeilarin cogunlugunda orta
diizeyde nomofobi diizeyi mevcut

Problematic mobile phone  Verénica 124 hemsirelik Nomofobi ile karar alma
use, nomophobia and V. Méarquez- Ogrencisi Veri acisindan “sorumlulugu bagkasina
decision-making in Hernandez toplamada Nomofobi atma”, erteleme ve asir1 tetikte
nursing students mobile vd., 2020 Anketi, Cep Telefonu olma boyutlari arasinda pozitif
and decision-making in Problemli Kullanim korelasyonlar bulunmustur.
nursing students Olgegi ve Melbourne Hemsirelik 6grencilerinde
Karar Verme Anketi erteleme, agir1 tetikte olma ve
kullantlmistir. “sorumlulugu baskasina atma”
diizeyleri, egitimleri boyunca cep
telefonu kullanimimdan
etkilenmektedir.
The relationship between  Gabriel 304 hemsirelik Akilli telefon kullanimi ile
nomophobia and the Aguilera- 6grencisi Nomofobi nomofobi toplam puani arasinda

distraction associated with
smartphone use among
nursing students in their
clinical practicum

Manrique et al.,
2018

anketi (NMP-Q)

pozitif bir korelasyon bulundu.
Yiiksek diizeyde nomofobi

Nomophobia,

Feride Eskin

802 6grenci ile

Uzaktan egitim siirecinde

netlessphobia, and fear of ~ Bacaksiz, Rujna  yiiriitiilmustiir. hemsgirelik 6grencilerinin dijital
missing out in nursing n Nomofobi Anketi, Firat  aktivitelerinin artmasina ragmen
students: A cross-sectional Tuna Handan Al  Netlessphobia Olgegi netlessphobia ve bir seyleri
study in distance an ve Gelismeleri Kagirma  kagirma korkusu puanlarimin
education 2022 Korkusu Olcegi diisiik olmasi olumludur. Ancak
nomophobia puanlarinin yiiksek
olmasi ve kavramlar arasindaki
giiclii iligkiler olas1 sorunlarin
farkinda olmayi, izlemeyi ve
Onlem almayi gerektirmektedir.
ARASTIRMANIN ADI YIL ve ORNEKLEM BULGU-SONUC
YAZARLAR
Nomophobia and the Antonio Orneklem, ispanya'daki  Sonuglar, hemsirelik dgrencileri
influence of time to REST  J. Moreno- Granada arasinda ortalama diizeyde

among nursing students. A

Guerrero et al

Universitesi'ndeki (N =

nomofobi oldugunu

descriptive, correlational 2021 880) hemsirelik gostermektedir. Akillt
and predictive research Ogrencilerinden telefonlarini asir1 kullanmalari
olusmaktadir. nedeniyle daha az dinlendiklerini

iddia edenlerin orani olduk¢a
yiiksek.

The relationship between ~ Asuman Tiirkiye'nin Ogrencilerin nomofobi diizeyleri

nursing students' digital Cobanoglu, Em  kuzeydogusunda ile akilli telefon bagimlilig1 ve

and smartphone addiction el Bahadir- bulunan bir dijital bagimlilik diizeyleri

levels and nomophobia: A Yilmaz, Belkiz iniversitede 215 arasinda pozitif ve orta diizeyde

descriptive, correlational Kiziltan hemsirelik 6grencisi ile  bir korelasyon bulunmustur.

study 2021 yiiriitiilmiigtiir.

Hooked on technology: Ayman Misir'daki tig Ogrencilerinin %40,3"{intin mobil

examining the co- Mohamed El- iiniversiteden rastgele cihazlaria 6nemli 6l¢tide bagiml

occurrence of nomophobia
and impulsive sensation
seeking among nursing
students

Ashry et al 2024

secilen 1626 hemsirelik
Ogrencisi

oldugunu gosteren siddetli
nomofobi sergiledigini ortaya
koydu. Ozellikle, bu yiiksek
yayginliga diirtiisel duyum arama
davranislarina yonelik giiclii bir
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egilim eslik ediyordu. Dahasi,
kademeli bir regresyon analizi
nomofobinin birka¢ 6nemli
Ongoriiciisiinii tanimladi.

Relationship Between Nesibe Gunay Calisma 424 hemsirelik  Hemygirelik 6grencilerinin

Nomophobia Levels and Molu Sema Ogrencisi lizerinde yarisindan fazlasi orta diizeyde

Personality Traits of fcel , Arzu yiiriitilmiistiir. nomofobiye sahipti. Akill telefon

Nursing Students: A Aydogan Nomofobi Anketi ve 10  kullanim amaci ve 6@rencilerin

Multicenter Study Maddeli Kisilik kisilik 6zellikleri ile nomofobi
Envanteri diizeyleri arasinda iligki vardir.

Touch-operated world of Rujnan Tuna, Ha 802 hemsirelik Nomofobi puanlarinin netlessfobi

teenagers in the distance ndan Alan, Merv  6grencisi ve bir seyleri kagirma korkusu

education process: A e Saritas, Feride  Nomofobi Anketi, Firat puanlarindan yiiksek oldugu

cross-sectional study on Eskin Bacaksiz Netlessphobia Olcegi belirlendi.

nomophabia, ve Firsatlar1 Kagirma

netlessphobia and fear of Korkusu Olgegi

missing out in nursing kullanildi.

students

Nomophobia and Its

Irene Tarrega-

Hemgirelik 6grencisi

Bes 6grenciden biri nomofobik

Relationship with Social Piquer et al., Nomofobi Anketi, davranis sergiliyordu veya
Anxiety and 2023 Akademik Erteleme nomofobik davranisa yakalanma
Procrastination in Nursing Olgegi-Kisa Form ve riski yiiksektir.
Students: An Yetiskinler igin Sosyal
Observational Study Kaygi Anketi
kullanilarak
toplanmustir.
The effect of nomophobia  Deniz Yigit, 544 hemsirelik Ogrencilerin nomofobi puan
levels on nursing students’  Merve Cakirli Ogrencisi ortalamalari ile depresyon,
depression, anxiety and Nomofobi Olgegi, anksiyete ve stres alt 6lgek
stress levels Depresyon, Anksiyete  puanlari arasinda iligski bulundu.
ve Stres Olgegi Yiiksek diizeyde nomofobi tespit
edilmistir.
ARASTIRMANIN ADI YIL ve ORNEKLEM BULGU-SONUC
YAZARLAR
Nomophobia in Tunisian Mohamed Kef Valiligi (Tunus) Tiim 6grencilerde belirli diizeyde
nursing students: Amine Yiiksek Hemsirelik nomofobi vardi. Asir1 akill
prevalence, associated Ferchichi, Enstitiisi'nden 265 telefon kullanimi nedeniyle g6z
factors, and comorbidity Khaoula ogrenci yorgunlugu ve boyun agrisi
with generalized anxiety Aouadi, Nomofobi ve GAD yayginligi sirasiyla %66,4 ve
disorder Islem yaygimligi, sirasiyla %37,4 idi. Nomofobinin GAD ile
Aouadi & Ibtisse  Nomofobi Anketi'nin birlikteligi katilimcilarin
m Sendi (NMP-Q) ve Yaygin %74'tinde tespit edildi.
2023 Anksiyete Bozuklugu
The Effect of Cell Phones  Gutiérrez- Hemsirelik 6grencileri ~ Her iki grup da dersin

on Attention and Learning
in Nursing Students

Puertas, Lorena
2020

arasinda, bir kontrol
grubu (n = 61, %49,2)
ve bir deney grubu (n =
63, %50,8) ile yari
deneysel bir ¢calisma
yiiriitildi.

basinda ortalamadan daha
yiiksek diizeyde nomofobi
gosterdi. Bu nedenle,
hemsirelik dgrencileri
arasinda her tiirlii akademik
egitim sirasinda cep telefonu
kullanimini kisitlayan
politikalar ve normlar
olusturmak onemlidir.
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Yapilan aragtirmalara gore; hemsirelik 6grencileri arasinda nomofobi (telefonsuz kalma
korkusu) diizeylerinin genellikle orta diizeyde oldugu, ancak bazi arastirmalarda bu diizeyin
siddetli olarak raporlandig1 goriilmektedir. Bu durum, modern toplumda teknolojiye olan
bagimliligin ve akill telefonlarin giinliik yasamda oynadig1 hayati roliin bir yansimasi olarak
degerlendirilebilir. Hemsirelik 6grencileri, akademik yasamlarinin yogunlugu ve mesleki
beklentilerin getirdigi stresle birlikte, telefonlarina olan bagimliliklarint giderek daha fazla
artirtyor olabilirler. Bu da, 6grencilerin dijital diinya ile kurduklar1 iliskinin sagliksiz bir sekilde
gelismesine neden olabilmektedir.

Nomofobinin, hemsirelik 6grencileri iizerinde ¢ok yonlii olumsuz etkileri bulunmaktadir.
Oncelikle, mental saglik iizerindeki etkileri ele alindiginda, nomofobinin depresyon, anksiyete
ve stres gibi psikolojik problemlere yol agabilecegi belirtilmektedir. Bu, 6zellikle zorlu
akademik programlar ve klinik uygulamalarla kars1 karsiya olan hemsirelik 6grencileri i¢in
biiyiik bir risk olusturur. Nomofobi, 6grencilerin zihinsel sagliklarini daha da kirilgan hale
getirerek, bu problemleri tetikleyebilir veya siddetlendirebilir.

Bunun yaninda, nomofobinin 6grencilerin akademik performanslarini da olumsuz yonde
etkileyebilecegi saptanmustir. Ogrencilerin ders calismak yerine zamanlarini telefonlariyla
gecirme egiliminde olmalari, ders basarisinda diisiise yol agabilir. Ayn1 zamanda, dikkat
eksikligi ve motivasyon kaybi gibi sorunlar da nomofobinin akademik sonuglari tizerinde ciddi
etkiler yaratabilir.

Fiziksel saglik agisindan bakildiginda ise, nomofobiye bagli olarak ortaya ¢ikan problemli
internet kullanimi, uyku diizensizlikleri ve g6z, boyun, sirt gibi kas-iskelet sistemi
rahatsizliklarma neden olabilir. Ozellikle uzun siireli telefon kullanimi, 8grencilerin postiir
bozukluklar1 gelistirmesine ve kronik agrilara yol acabilir. Ayrica, uyku diizensizlikleri de
Ogrencilerin gilinliilk enerji seviyelerini ve genel saglik durumlarini olumsuz etkileyerek,

akademik ve klinik performanslarini diisiirebilir.

4. SONUC
Sonug olarak, hemsirelik 6grencilerinde nomofobiye iligskin yapilan ¢alismalar, bu durumun

ogrencilerin hem mental hem de fiziksel sagliklarin1 olumsuz yonde etkileyebilecegini ortaya
koymaktadir. Nomofobi, 6grencilerin akademik performanslarint da diisiirebilecek ¢ok yonlii
bir sorun olarak karsimiza c¢ikmaktadir. Bu nedenle, hemsirelik Ogrencilerinde nomofobi
farkindaliginin artirilmasi, bu durumla basa ¢ikma stratejilerinin gelistirilmesi ve egitim
kurumlariin 6grencileri destekleyici rehberlik hizmetleri sunmasi biiyiik 6nem tasimaktadir.

Ogrencilerin, dijital bagimliliklarindan uzaklasmalarina ve daha saglikli bir egitim siireci
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gecirmelerine yonelik programlar ve miidahaleler gelistirilmelidir. Bu tiir yaklasimlar, hem
Ogrenci bagarisini artirabilir hem de gelecekteki saglik profesyonellerinin daha saglikli bireyler
olarak mesleki yasamlarina adim atmalarini saglayabilir.
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OZET

Aile merkezli bakim pediatri hemsireliginde, hastanede yatan ¢ocuk ve ailesinin beklentilerine
en iyi cevap veren ve gereksinimlerini en iyi sekilde karsilayan bir bakim felsefesidir. Aile ve
¢ocugun bir biitiin olarak ele alindig1 bu yaklagiminin temelinde ebeveynlerin yeterli kilinmasi,
giiclendirilmesi yer almaktadir. Bu yaklasim ailenin kararlarina saygi duymakta, ¢ocuk ve
ailenin bagimsizligini desteklemektedir. Bu kapsamda arastirma, ¢ocuk hasta ve ebeveynlere
hemsire tarafindan verilen bakim davranislarinin 6grenci goziinden degerlendirmesini
amagclamaktadir. Arastirma Nisan-May1s 2024 tarihleri arasinda Karadeniz Teknik Universitesi
Hemsirelik Boliimiinde egitim goren ve cocuk sagligi ve hastaliklari hemsireligi dersi
uygulamasini yapan 130 6grenci hemsire ile yiiriitiildii. Arastirmanin verileri 6grencilerin
uygulama yaptig1 KTU Farabi Hastanesi’nin siit cocugu, addlesan, cocuk enfeksiyon ve ¢cocuk
cerrahi servislerinde O6grenci hemsireler uygulama yaparken toplandi. Arastirmada “Bakim
Davranislar1 Olgegi” kullanildi. Olgek hemsirelik bakimmi degerlendirmek igin tasarlanmis
olup 1-hi¢ ve 6- her zaman olmak tizere 6’1 likert seklindedir. Puan ortalamasi {izerinden
degerlendirilebilmektedir. Arastirmaya katilan Ogrencilerin = %78.5’inin  kadin, yas
ortalamalarinin 22.10+1.14, %28.5’inin addlesan, %26.2’sinin ¢ocuk enfeksiyon, %23.1’inin
cocuk cerrahi ve %22.3’{iniin siit gocugu servisinde uygulama yaptig1 belirlendi. Olgek alt
boyut puan ortalamalar1; bagkalaria saygit 4.19+0.86, profesyonel bilgi ve tutum 4.55+0.81 ve
birey icin ulasilabilir olma 4.13+0.89 olarak belirlendi. Toplam 6l¢ek ortalamasi ise 4.29+0.82
tespit edildi. Sonug¢ olarak 6grencilerin goziinden hemsirelerin bakim davraniglarini
degerlendiren bu arastirmada bakim davranig puanlarinin ortalamanin iizerinde oldugu ancak
aile merkezli bakim agisindan yeterli olmadig1 saptanarak 6neriler sunuldu.

Anahtar Kelimeler: Bakim davranisi, 6grenci, hemsire, ¢ocuk hasta, aile merkezli bakim
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ABSTRACT

Family-centered care in pediatric nursing is a philosophy that best meets the expectations and
needs of hospitalized children and their families. This approach, which considers the family
and the child as a whole, is based on empowering and enabling parents. It respects the family's
decisions and supports the independence of the child and family. This research aims to evaluate
the care behaviors provided by nurses to pediatric patients and their parents from the perspective
of nursing students. The study was conducted between April-May 2024 with 130 nursing
students enrolled in the pediatric nursing course at Karadeniz Technical University. The data
were collected while student nurses were practicing in the infant, adolescent, pediatric infection,
and pediatric surgery wards of KTU Farabi Hospital. The "Care Behaviors Inventory" was used
in the research. The inventory is designed to evaluate nursing care on a 6-point Likert scale,
ranging from 1-never to 6-always, and can be assessed based on the average score. It was
determined that 78.5% of the participating students were female, with an average age of
22.10+1.14, and that 28.5% practiced in the adolescent ward, 26.2% in the pediatric infection
ward, 23.1% in the pediatric surgery ward, and 22.3% in the infant ward. The average subscale
scores were found to be 4.19+0.86 for respect for others, 4.55+0.81 for professional knowledge
and attitude, and 4.13+0.89 for being accessible to the individual. The overall scale average
was determined to be 4.29+0.82. As a result, the research evaluating the care behaviors of
nurses from the students' perspective found that the care behavior scores were above average
but insufficient in terms of family-centered care, leading to recommendations for improvement.

Keywords: Care behavior, student, nurse, pediatric patient, family-centered care

5. GIRIS
Cocuklarin hastanede yatarak tedavi gormeleri, aileleri icin biiyiik bir anksiyete kaynagidir.
Ailenin evinden uzakta olmasi, aile igindeki rollerin aksamasi ve evde bakima ihtiyag duyan
baska ¢ocuklarin bulunmasi gibi cesitli faktorler, ebeveynlerin yogun bir stres yasamasina
neden olur. Bunun yani sira, hastane ortaminin yabanciligl, ¢ocugun durumuna dair
belirsizlikler ve c¢ocuklarini nasil destekleyecekleri ile ilgili endiseler, aileleri biiylik bir

belirsizlik ve ¢aresizlik i¢ine siiriikler. Ebeveynler, cocuklarinin iyilesme siirecine nasil katkida
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bulunacaklarint ve bakim verme sorumluluklarini nasil yerine getireceklerini bilememenin
verdigi korkuyla miicadele ederken, ayn1 zamanda hastanenin getirdigi duygusal ve fiziksel
zorluklarla da basa ¢ikmak zorunda kalirlar. Bu durum, ailelerin hem duygusal hem de
psikolojik olarak ciddi bir yiik altina girmesine yol agar ve hastanede gegirilen siire boyunca
stirekli bir endise hali i¢cinde olmalarina neden olur (Tosun & Tiifekei, 2015; Aykanat & Gozen,
2014).

Ebeveynlerin stresinin azaltilmasi, anksiyetelerinin Oniine gecilmesi, ¢ocugun giivende
hissetmesi ve ailenin hissettigi caresizlik duygularinin hafifletilmesi bakimindan pediatri
Kliniklerinde aile merkezli bakimin kullanilmasi temel bir felsefedir. Bu bakim felsefesi hem
¢ocuk hem de ailesine fiziksel, duygusal, sosyal, kiiltiirel ve spiritiiel agidan biitiinciil bir bakim
sunmay1 amaglamaktadir. Yalnizca ¢ocuga bakim vermekle sinirli kalmayip, aileyi de siirece
dahil ederek, cocukla ilgili tiim durumlardaki karar ve uygulamalarda aile ile isbirligi
yapilmasint dngormektedir. Aile merkezli bakim, ebeveynlerin ve cocuklarin hastanede
gecirdikleri siireci daha yonetilebilir kilmakta ve saglik sonuglari iyilestirmektedir. Bu
yaklagim, ailelerin ¢ocuklarinin bakimina aktif katilimin tesvik ederek, onlarin duygusal ve
psikolojik yiiklerini hafifletmeye yardimci olur. Ayrica, aile merkezli bakim modeli, saglik
profesyonelleri ile aileler arasinda etkili iletisimi ve is birligini destekler, boylece ¢ocuklarin
saglik ve iyilik halini en st diizeye cikarir (Soylinmez e Kog, 2020; Coyne, Hallstrom, &
Soéderbiack, 2016).

Aile merkezli bakimin temel ilkeleri, cocuk ve ailesine duyulan saygiyr merkeze alir. Her
cocugun ve ailenin benzersizligine deger vermek, irk, etnik koken, kiiltiirel arka plan ve
sosyoekonomik cesitlilige sayg1 gostermek bu yaklasimin temel taglarindandir. Ailelerin bakim
deneyimleri ve algilari, saglik hizmetlerinin sunumunda onurlandirilmali ve dikkate
alinmalidir. Bu felsefe, zorlu durumlarda dahi ailelerin gii¢lii yonlerini tanimay1 ve bu giiclii
yanlar1 desteklemeyi igerir. Ailelerin ve ¢ocuklarin bakim ve destek konusunda tercihlerini
kolaylastirmak ve bu se¢imleri desteklemek esastir.

Hizmetlerin her cocugun ve ailenin 6zel ihtiyaglarina, inanglarina ve kiiltiirel degerlerine uygun
sekilde uyarlanmasi, saglik politikalar1 ve uygulamalar1 acgisindan onemlidir. Ayrica, saglk
profesyonelleri ile aileler arasinda siirekli ve diiriist iletisim saglanmali, ailelere gerekli bilgiler
objektif ve kanita dayali bir sekilde sunulmalidir. Gebelikten baslayarak, dogum, bebeklik,
cocukluk, ergenlik ve geng yetiskinlik donemlerinde, ailelere ve ¢ocuklara ihtiya¢ duyduklari

resmi veya gayri resmi desteklerin sunulmasi da 6nem tasir.
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Bu ilkeler ¢ergevesinde, aileler ve saglik profesyonelleri arasinda her diizeyde is birligi tesvik
edilmelidir. Ailelerin saglik bakim sistemine etkin bir sekilde dahil olmalar1 saglanarak, onlarin
bireysel gii¢lii yanlarini ve basa ¢ikma mekanizmalarini tanimak, bu siiregte ailelerin birbirini
desteklemesine olanak taniyacak iletisim aglar1 olusturmak da bu bakim modelinin ayrilmaz bir
parcasidir. Son olarak, ailelerin, saglikla ilgili karar alma siireglerinde etkin rol oynamalar1
desteklenmeli, onlara giiven insa etmeleri ve gii¢lerini kesfetmeleri i¢in firsatlar sunulmalidir.
Bu ilkeler, ailelerin ¢ocugun yasamindaki siirekli 6nemini kabul ederek, saglik bakiminin her
diizeyinde ailenin aktif katilimini saglamay1 amaglamaktadir (Boztepe, 2008; Celik, 2018). Bu
bilgiler dogrultusunda yapilan arastirmada, hemsirelerin ¢ocuklara ve ebeveynlerine yonelik
aile merkezli bakim davraniglarinin belirlenmesi amaciyla hemsirelik 6grencilerinin gozlemleri
degerlendirilmistir. Bu ¢aligmanin amaci, hemsire-hasta ve hasta yakini arasindaki iliskilerin
ticlincii bir tarafin objektif bakis agisiyla incelenmesini saglamaktir. Hemsirelik 6grencilerinin
gozlemleri, klinik uygulamalarda aile merkezli bakimin nasil gergeklestirildigini anlamak, olas1
iyilestirme alanlarini tespit etmek ve hemsirelik egitimi igin geri bildirim saglamak acisindan
kritik bir rol oynamaktadir. Bu yaklasimla, saglik hizmetlerinin kalitesini artirmak ve

hemsirelik uygulamalarin1 daha etkili ve aile odakli hale getirmek hedeflenmistir.

6. YONTEM
6.1. Arastirmanin Tipi

Aragtirma tanimlayici ve kesitsel tipte tasarlandi.
6.2. Arastirmanin Orneklemi

Aragtirmanin &rneklemini Karadeniz Teknik Universitesi Saglik Bilimleri Fakiiltesi Cocuk
Saglig1 ve Hastaliklart Hemsireligi dersini alan ve uygulamasina ¢ikan 130 tgiincii smif
ogrencisi olusturmaktadir. Ogrenciler uygulamalarini Saghk Uygulama ve Arastirma
Merkezinin (Farabi Hastanesi) Siit Cocugu, Adodlesan, Cocuk Cerrahi ve Cocuk Enfeksiyon

servislerinde yapmaktadir.
6.3. Veri Toplama Araglar

Bakim Davranislar: Olgegi
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Wolf ve arkadaslar tarafindan gelistirilen ve orijinal versiyonu 42 maddeden olusan dl¢egin
tilkemizdeki gecerlilik ve giivenilirlik ¢aligsmasi Giil ve Ding (2020) tarafindan yapilmistir.
Olgek 30 madde; “baskalarma saygi”, “profesyonel bilgi ve tutum” ve “birey igin ulasilabilir
olma” olmak iizere ii¢ alt boyuttan olusmaktadir. 1= “Hig¢”, 2=“nadiren”, 3="bazen”,

4=“genellikle”, 5="neredeyse her zaman”, 6="her zaman” olmak tizere 6’l1 likert seklindedir.

6.4.Verilerin Degerlendirilmesi

Aragtirmada verilerin analizinde SPSS (Statistical Package for Social Sciences) paket programi
kullanildi. Verilerin degerlendirilmesinde oncelikle verilerin normal dagilima uygunlugu
carpiklik (Skewness) ile basiklik (Kurtosis) degerleri ile test edildi. Carpiklik (skewness) ve
basiklik (kurtosis) katsayilar1 -1,5 ile +1,5 arasinda bir deger aliyorsa verilerin dagilimi normal
dagilima uygunluk gosterdigi kabul edilmektedir (Pallant, 2017). Ayrica aragtirmada ortalama,
standart sapma, ylizde ve frekans degerlerine yer verildi.

7. BULGULAR

Arastirmaya katilan hemsirelik 6grencilerinin %78.5’1 kadin, %21.5°1 erkek, yas ortalamalar:
22.10+1.14 saptandi. Ogrencilerin %28.5’inin addlesan, %26.2’sinin gocuk enfeksiyon, %23.1°

inin ¢ocuk cerrahi ve %22.3 liniin siit ¢ocugu servisinde uygulama yapmaktadir.

Ogrencilerin bakim davranis dlgegi puan ortalamasi sirasiyla; baskalarma saygi alt boyutu
4.19+0.86, profesyonel bilgi ve tutum 4.55+0.81, birey i¢in ulasilabilir olma 4.13+0.89 ve

toplam 6l¢ek puan ortalamasi ise 4.29+0.82 olarak belirlendi.

Cizelge 1. Hemsirelik 6grencilerinin bakim davraniglart 6lgegi alt boyut ve toplam puan

ortalamalarina iligkin ortalama ve standart sapma degerlerinin dagilim1

Baskalarina Sayg1  Profesyonel Bilgi ve Birey I¢in Toplam Olcek
Tutum Ulasilabilir
Ort £SS Ort £SS Ort £SS Ort £SS
4.19+0.86 4.55+0.81 4.13+0.89 4.29+0.82

Ogrenci hemsirelerin hemsireleirn bakim davranislarina iliskin verdikleri yanitlara gére en
diisiik puan ortalmasina sahip dort madde sirastyla;

“Hastayla goniillii olarak ilgilenir” 3.86+1.32, “Hastanin hastaneye yattig1 ve tedaviye basladig1
ilk zamanlarda oOzel ilgi gosterir” 3.91+1.04, “Hastanin dile getirdigi ve getiremedigi

gereksinimlerini karsilar” 3.92+1.13 ve “Hastay1 kendi bakimini planlamasina dahil eder”
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3.94+1.18 seklinde belirlendi.
Ogrenci hemsirelerin uygulama yaptiklar1 kliniklere gére ise bakim davranislari 6lgegi toplam

puan ortalamasi ve alt boyutlari ile anlamli farklilik tespit edilmedi (p<0.005).

8. TARTISMA

Bu c¢alismada, Ogrenci hemsirelerin profesyonel hemsirelerin bakim davranislarini
degerlendirirken, bagkalarina saygi, profesyonel bilgi ve tutum, birey i¢in ulasilabilir olma gibi
unsurlarin ortalamanin iizerinde oldugu, ancak iyi bir seviyede olmadigi sonucuna varilmstir.
Aile merkezli bakim baglaminda bu bulgular, hemsirelik uygulamalarinda bu temel unsurlarin
Oonemli bir yer tuttugunu ancak tam anlamiyla istenen diizeye ulasilmadigini gostermektedir.
Ogrenci hemsirelerin, profesyonel hemsirelerin davranislarim degerlendirirken elde ettigi bu
sonuclar, hemsirelik egitiminin ve klinik uygulamalarin nasil gelismesi gerektigi konusunda
onemli ipuglar1 sunmaktadir.

Ogrenci hemsirelerin bakis agisiyla yapilan bu degerlendirme, bakim kalitesinin nesnel bir
sekilde analiz edilmesine katkida bulunabilir. Ancak, ogrencilerin bilgi ve deneyim
seviyelerinin sinirl olabilecegi gdz éniinde bulundurulmalidir. Ogrencilerin degerlendirmeleri,
profesyonel hemsirelerin pratikte karsilastigi karmasikliklart ve dinamikleri tam olarak
yansitmayabilir. Buna ragmen, bu degerlendirmeler, klinik uygulamalarda g6z ardi edilebilecek
eksiklikleri ortaya gikarma potansiyeline sahiptir. Ozellikle aile merkezli bakim yaklasiminda,
hemsirelerin hasta ve aileleriyle olan etkilesimlerinde miikemmeliyeti hedeflemesi gerektigi,
bu sonuglarla daha da belirgin hale gelmektedir.

Bu bulgular, hemsirelik egitiminin aile merkezli bakim konusundaki vurgusunu artirma
gerekliligini ve dgrencilerin bu alanda daha derinlemesine bilgi edinmesini saglama ihtiyacini
gostermektedir. Ogrenci hemgirelerin  degerlendirmeleri hem egitmenlere hem de
uygulayicilara, bakim kalitesinin nasil iyilestirilebilecegine dair degerli bilgiler sunabilir, ancak
bu degerlendirmelerin egitim ve rehberlikle desteklenmesi 6nemlidir.

Bu calismada elde edilen bulgular, “hastayla goniillii olarak ilgilenme” (3.86+1.32), “hastanin
hastaneye yattig1 ve tedaviye basladigi ilk zamanlarda 6zel ilgi gdsterme” (3.91£1.04),
“hastanin dile getirdigi ve getiremedigi gereksinimlerini karsilama” (3.92+1.13) ve “hastay1
kendi bakimini planlamasina dahil etme” (3.9441.18) gibi aile merkezli bakimin temel
unsurlarinin ortalamanin iizerinde degerlendirildigini ancak cok iyi diizeye ulasmadigini
gostermektedir. Aile merkezli bakim yaklasiminda, hasta ve ailesinin biitiinciil ihtiyaglarinin

karsilanmasi, saglik hizmetinin kalitesini ve hasta memnuniyetini artiran 6nemli bir faktordiir.
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Bu baglamda, hemsirelerin hastalarla goniilli olarak ilgilenmeleri ve onlara o6zel ilgi
gostermeleri, hasta-hemsire iligkisini gliclendirir ve hasta gilivenini artirir. Ancak, bu
davraniglarin istenen miikemmel diizeyde olmamasi, klinik uygulamalarda bu alanlara daha
fazla odaklanilmasi gerektigini diistindlirmektedir.

Hastalarin dile getirdigi ve getiremedigi gereksinimlerin karsilanmasi, aile merkezli bakimin
temel bilesenlerinden biridir. Bu yaklasim, hemsirelerin hastalari ve ailelerini aktif bir sekilde
dinlemelerini, onlarin ifade edemedikleri ihtiyaglar1 anlamalarini ve bu ihtiyaglar1 karsilamak
icin proaktif bir yaklagim benimsemelerini gerektirir. Ancak, bu maddenin de miikemmel
diizeyde olmamasi, hemsirelerin bu alanda daha fazla egitime ve desteklenmeye ihtiyag
duyabilecegini gostermektedir. Benzer sekilde, hastay1 kendi bakimini planlamasina dahil etme
davranisi, hastanin bakim stirecine katilimini artirarak, tedaviye uyumunu ve memnuniyetini
yiikseltir. Fakat, bu davranisin da istenilen diizeye ulagmamasi, bu konuda hemsirelerin daha
fazla yonlendirilmesi ve egitim almasi gerektigini ortaya koymaktadir.

Ogrenci hemsirelerin uygulama yaptiklar1 kliniklere gore bakim davranislari lgegi toplam
puan ortalamasi ve alt boyutlar1 arasinda anlamli farklilik bulunmamasi, bu doért énemli
maddenin genel olarak saglik hizmetleri icerisinde standart bir diizeyde kaldigini, ancak bu
standardin gelistirilmesi gerektigini gostermektedir. Aile merkezli bakim yaklagiminin daha
etkin bir sekilde uygulanmasi i¢in hemsirelik egitiminde bu alanlara daha fazla odaklanilmali

ve klinik uygulamalar bu dogrultuda iyilestirilmelidir.

SONUC

Bu calisma, 0Ogrenci hemsirelerin  profesyonel hemsirelerin  bakim  davraniglarini
degerlendirmesi lizerine odaklanmistir. Bulgular, baskalarina saygi, profesyonel bilgi ve tutum,
birey icin ulasilabilir olma gibi temel bakim davranislarinin ortalamanin {izerinde oldugunu,
ancak miikemmel diizeye ulasmadigim gostermektedir. Ozellikle aile merkezli bakim
kapsaminda ele alinan, hastayla goniillii olarak ilgilenme, hastaya 6zel ilgi gésterme, hastanin
dile getirdigi ve getiremedigi gereksinimlerini karsilama ve hastayr kendi bakimini
planlamasina dahil etme gibi davranislar da benzer sekilde ortalama {izerinde, ancak istenilen
diizeyde degildir. Ayrica, klinik ortamlar arasinda bu davraniglarin genel bir standarda sahip
oldugu ve anlamli farkliliklar géstermedigi belirlenmistir. Bu durum, hemsirelik bakiminin
kalite diizeyinin yiikseltilmesi gerektigine isaret etmektedir. Bu bilgiler dogrultusunda oneriler;

e Hemsirelerin klinik ortamlarda daha etkili bakim davraniglar sergilemeleri i¢in, klinik
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rehberlik ve mentorluk sistemleri giiglendirilmelidir.

Profesyonel hemsirelerin, 6grenci hemsirelere rol model olarak daha yiiksek

standartlarda bakim sunmalar tesvik edilmelidir. Ogrenci hemsirelerin

degerlendirmeleri, bakim siire¢lerinin kalitesini artirmak amaciyla diizenli olarak
analiz edilmeli ve bu degerlendirmelerden elde edilen bulgular, hemsirelik egitimi ve
klinik uygulamalar i¢in geri bildirim olarak kullanilmalidir.

e Hemgirelerin mesleki bilgi ve becerilerini giincel tutmalari i¢in siirekli egitim
programlari ve seminerler diizenlenmelidir. Bu programlar, aile merkezli bakim ve
hasta-hemsire iliskileri gibi 6nemli konular1 kapsamalidir.

e Hemsirelerin, hastalarin ve ailelerin bakim siirecine daha aktif katilimini saglamalar

icin uygun araglar ve yaklagimlar gelistirilmelidir. Bu, hasta memnuniyetini artirirken,

bakimin kalitesini de yiikseltecektir.

Bu 6neriler dogrultusunda, hemsirelik egitimi ve klinik uygulamalarda yapilacak iyilestirmeler,
bakim kalitesinin artirtlmasina katki saglayacaktir. Aile merkezli bakim yaklagimimin daha
etkin bir sekilde uygulanmasi, hasta memnuniyetini ve saglik hizmetlerinin genel kalitesini

olumlu yonde etkileyecektir.
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ABSTRACT

The primary focus of this study is to establish exact solution of space-time fractional wave
problem (STFWP) by means of separation of variables method. The fractional derivatives are
taken in Caputo sense. The homogenous boundary conditions are given as fractional Neumann
boundary conditions. The proposed method allows us to construct the solution in series form in

terms of fractional trigonometric functions.

Keywords: Space-Time Fractional Wave Equation, Separation of Variables Method, Caputo

Fractional Derivative, Fractional Trigonometric Functions

1. INTRODUCTION

Constructing the exact solutions of fractional differential equations is a significant and open
problem. Various methods have been developed and used to establish exact or numerical
solutions to them. Since this kind of differential equations have been utilized in the modeling
of various systems in engineering, physics, chemistry engineering, biology, and mathematics,
numerous researchers have been studying on the solution methods and new fractional
derivatives (Choi & Chan , 1992) (Demir, Bayrak, Bulut, Ozbilge, & Cetinkaya, 2023)
(Diethelm, 1997) (Kilbas, Srivastava, & Trujillo, 2006) (Li & Zeng, Finite difference methods
for fractional differential equations, 2012) (Li & Zeng, Numerical methods for fractional
calculus, 2015) (Li & Wang, 2022) (Odibat & Momani, 2009) (Oldham & Spanier, 1974)
(Podlubny, 1999) (Salman, Mohd, & Muhammad, 2023) (Tian, Yang, Zhang, & Xu, 2023)
(Tomasek, 2023) (Akyol, Cetinkaya, & Demir, 2021) (Cetinkaya & Demir , 2020a) (Cetinkaya
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& Demir, 2023a) (Cetinkaya & Demir, 2021a) (Cetinkaya & Demir, 2019a) (Cetinkaya &
Demir, 2020b) (Cetinkaya & Demir, 2023b) (Cetinkaya & Demir, 2022a) (Cetinkaya & Demir,
2022b) (Cetinkaya & Demir, 2020c) (Cetinkaya & Demir, 2021b) (Cetinkaya & Demir, 2022c¢)
(Cetinkaya & Demir, 2021c) (Cetinkaya & Demir, 2022d) (Cetinkaya & Demir, 2024a)
(Cetinkaya & Demir, 2021d) (Cetinkaya & Demir, 2022e) (Cetinkaya & Demir, 2021e)
(Cetinkaya & Demir, 2023c) (Cetinkaya & Demir, 2021f) (Cetinkaya & Demir, 2021Q)
(Cetinkaya & Demir, 2022¢) (Cetinkaya & Demir, 2023d) (Cetinkaya & Demir, 2020d)
(Cetinkaya & Demir, 2022f) (Cetinkaya, Bayrak, Demir, & Baleanu, 2022) (Cetinkaya, Demir
, & Kodal Sevindir, 2020e) (Cetinkaya, Demir, & Baleanu, 2021h) (Cetinkaya, Demir, & Kodal
Sevindir, 2021g) (Cetinkaya, Demir, & Kodal Sevindir, 2020f) (Cetinkaya, Demir, & Kodal
Sevindir, 20201) (Demir, Bayrak, Bulut, Ozbilge, & Cetinkaya, 2023) (Kodal Sevindir,
Cetinkaya, & Demir, 2021). The main reason of this interest is that the properties of fractional
derivatives make the fractional mathematical models reflect the behavior of the systems under

consideration.

In this research, we focus on the solution of STFWP by means of separation of variables
method. Fractional Neumann boundary conditions are taken into account. Moreover, the

solution is obtained in the series form in terms of fractional trigonometric functions.

cpg ( “Df (u(x, t))) = c2¢pf ( °pf (u(x, t))), 0<t<T,0<x<l[,0<aqp<1,
uGx,0) = 0G0, DE(uCx D), = 0.

Dk (u(x, t))|x=0 = “DP(u(x, t))|x=l = 0.

Taking @« = B = 1 leads to the following ordinary wave problem:
U (X, 1) — Uy (6, 1) = 0,0 <t <T,0<x<,0<a<1,
u(x, O) = (I)(X), ut('xl 0) = lp(x)1

u,(0,t) = u,(1,t) = 0.

2. PRELIMINARY RESULTS

In this section, fundamental concepts are given (Kilbas, Srivastava, & Trujillo, 2006).
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The definition of Riemann-Liouville fractional integral of order & > 0 is defined as
IEF(©) = 55 Jy (€ = )% f (s)ds,
where f(t) is a real valued function.

The definition of Liouville-Caputo fractional derivative of order a > 0 is given as

1 t _ m—a—1 " f(y) _
A%f(t) _ m-a [6mf(t)] _ Jrm-a fo (t 3’) ay_m dy,m 1<a<m,
ata t atm aMF(t)
atm '’

a=m,
where I denotes Riemann-Liouville fractional integral of order a > 0.
The definition of two parametrized Mittag-Leffler function is presented as
k
) z
Eqp(z) = Zk:om,Re(a) >0,z,p€C

where a and S denote parameters. The relations between Mittag-Leffler function and Caputo

fractional derivative are listed as

N Cha a _ a

1) “Df (Ea,1(t )) = E,1(t%),

ii) Cppe (Ea,l(kt“)) = k"E,,(kt*) where 0 < a < 1, k isa constant and n € N.

The definitions of fractional trigonometric functions in terms of Mittag-Leffler function are

given in the following form

Eq,1 (ict®)—Eq,1 (—ict®) (=) (ct®)2n+1

- a — — w
sing (ct®) = 2i = Xn=o r(2n+1a+1)’
Eq1(ict®)+Eq 1 (—ict®) w (D)™ (ct®)2n
cosq (et = S = X0 Tanarn
where i = v—1.

3. MAIN RESULTS

Based on the separation of variables method the solution can be taken as a multiplication of

two functions as
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=Y —
u(x, t;a, B) =T (& a, BIX(x; B). 1
Substituting (1) into the space-time fractional wave equation yields the following:
‘¢ (“DE(T(6 @ B))) X (s B) = ¢ °Df ( “DE (X (6 ) ) T(6 . B).
Rearranging the above equation yields the following:

_ Cop(Coptrapy) __ oR(CoRxom) o o
c2T(t;a8) - X(x;8) B '

“nf((pf (xx:p)))
X(x;pB)

Taking 22(B) = — produces the following reduced problems
1) (pf (x(s ) + 2®X:B) =0,
cnhB . _ CpB . —
pE(x: )| = Di(x@p)| =0
x=0 x=1
where the boundary conditions follows from the boundary conditions of STFWP.
2) i (“DE(T(t; a,B))) + 2 (BIT(t; @, ) = 0,
T(0;a,B) = ®(x), °DE(T(¢; a,ﬁ))|t=0 = Y(x).
In the first reduced problem, taking X (x; ) = Ep 1(rx#) leads to the characteristic equation:
2+ 22(B) = 0.
Two different cases are considered for the solution of the first reduced problem:

Case 1. Taking A(B) = 0 leads to two coincident roots r;, = r, = 0 which yields the following
solution:

XB

X(x;p) = )

+ ¢y,
B
CD)'CB(X(X, ﬁ)) = CDf (Clﬁ‘l' Cz) =

The boundary condition D% (X (x; ,8))| = 0 leads to
x=0

C1:O

which yields the following solution
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X(x, ﬁ) == CZ'
Second reduced problem has the following solution for A(8) = 0:

to_'
1 al'(a)

Tt e, f) =d +d,.

As a results, the following solution is established for STFWP

a

= €1 _ar(a) + €s.

ulx, t;a,B) =X BTt a,B) = cpd;y %m) + c,d,

Case 2. Taking A(f3) # 0 leads two distinct purely imaginary roots r; , = +iA(8) which yields

the following solution to first reduced problem

X(x; B) = ¢y cosg(A(B)xP) + ¢, sing (A(B)xF).

The boundary condition D2 (X (x; ,8))| = 0 leads to the result ¢, = 0. The other boundary
x=0

condition °DF (X (x; ﬁ))|x=l =0 leads to the equation sing(A(8)I¥) =0 for which the

solutions are obtained in the following form

wn(B) = 2, (B)IP,

1a(B) =22 0 < wy (B) < w2 (B) < w3(B) < -
Therefore, the following solutions are obtained for the first reduced problem
"B "B
Xa(5:8) = encosg (wa(8) (2)) = cosg (wa(®) (3) ). = 1,23, ..
Second reduced problem has the following solution for A(8) # 0:
tpg ( “DE(T(t; a,ﬁ))) + c222(B)T(t; &, B) = 0 which have the following solutions

T.(t; a, B) = A, cosy(cA,(B)t*) + By sin,(cA,(B)t%), n = 1,2,3, ...

Therefore, the solutions to STFWP are established as
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—
0\ B
(3,650, 8) = X (s )Ta (650, 8) = c05 (wn(8) (2)) (A cosa(cAn(B)E) +

B sing(c2(£)t) = cosg (wa(B) (2) ) (A cosq (2222 ) +

B,, sin, (cw’;—éﬁ)t“)),n =123, ..
The superposition principle leads to the following general solution to TFWP

ulx, t;a,B) = e r( )+82+Zn 1(A COSgy (CW’;—/(Pt“)-i—

B, sin, (c W’l',(f) t“)) cosg (Wn(ﬁ) G)B)

which satisfies the boundary conditions. The unknown A,, and B,,,n = 1,2,3, ... are determined

in a way that the initial conditions are also satisfied

u(x,0;a,8) = (x) = &3 + Xy Ay cosy (wa(®) (2)” ).

‘D& (u(x, t))|t=0 = (e1 + Z;‘f’zl( Anc ”(B) sing (CW’I‘—I(f)t“) +

B,.c W’l‘éﬁ) COS, (c W’Z—;ﬁ) t“)) COoSp (Wn (8) G)ﬁ»

551 B 22 cosy (wa(P) (2)' ) = w0

- 81 +
t=0

The utilization of inner product (Kodal Sevindir & Demir, The Solution of Initial Boundary
Value Problem with Time and Space-Fractional Diffusion Equation via a Novel Inner Product,
2018) the unknown coefficients are determined as

ey = T71([ W(x) d0)lb,

e, = T7L(f @(x) d0)l},

l

A, = %T‘l (f ®(x) cosg (Wn(ﬁ) G)B> dx) ;

,n=123,..

l

,n=123,..
0

By =— (ﬁ) (f W(x) cosg (Wn(ﬁ)( ) ) )
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4. ILLUSTRATIVE EXAMPLE

The aim of this section is to present some examples of STFWP to illustrate implementation of
the proposed method.

Example: Take the following STFWP into consideration
D2 (uCx, 1)) = °Df (Df(u(x,1)),0<t<T,0<x<L0<af<1
subject to the following initial and boundary conditions, respectively

u(x,0) = cosg(5nxF), “Df(u(x, t))|t=0 =0,

CDf(u(x, t))| = ¢pk (u(x, t))| =0.
x=0 x=l

The exact solution is obtained as

u(x, t; a, B) = cosg(5mxP) cos, (5nt%).

Applying separation of variables method enables us to establish the solution u(x, t; a, 8) in the
series form in terms of fractional trigonometric functions as

ta . B
ulx, t;a,f) =€ e +e,+ 20 (An COSgy (W’;—Bﬁ t“) +
. B B
B, sin, (—W’;Bﬁ t“)) cosg (Wn(ﬁ) G) )
where the unknown coefficients are obtained as

ey = T7H ([ W(x) dx)lh =0,

e, = %T‘l(fcb(x) dx)|h = %T‘l(f cosp (5mxF) dx)|; =0,

l

0

A, = %T‘l (f ®(x) cosg (Wn(ﬁ) G)B> dx)

2 e x\P : 0,n+5
=T 1 (f cosp (5mxF) cosg (Wn(ﬁ) (7) )dx) = {1,11 T
2 N :
_ -1 x _ _
B, = wn(B)T (f W¥(x) cosg (Wn(ﬁ) (l) )dx) = 0,n=123,..
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— Y =

which yields the following exact solution

u(x, t; a, B) = cosg(5nxP) cos, (5nt%).

u(1,t)
a_'=1,'|9=1 _ a=n'?lﬁ=1
a=0.99 g=1 — a=0.75,6=1
a=0.9,p=1 — a=0.9,6=1
?ﬂ=ﬂ.?5,,ﬂ=1 — o=
EE:U.T,]B='1 a 0-95,&1
{I=ﬂ.95,,lg=1 — Q:=D_99,ﬁ=1
— a=1,p=1

Figure 1. The graphs of exact solution for various valuesof e atx =1 and g = 1.

u(1,t)

o p=1,a=1 —— B=0.7,a=1
E:ﬂ.gg,ﬂf=1 — ﬁ=n-?5,a=1
_E=ﬂ.g,ﬂ:=1 — ﬁ:ﬂ_g,q=1
§=075a=1 g _
£=07.a=1 B=0.95,a=1
E:ﬂ.BE.C{:‘] I ﬁ=ﬂ.99,a_’=1

— B=1,a=1

Figure 2. The graphs of exact solution for various values of fatx = 1 and a = 1.

ufx,1)
0.13¢ —— B=0.95,a=0.7
010} ~—— B=0.9,a=0.75
0.05} — B=0.8,a=0.9
£=0.9,a=0.75
A . . . , =08 a=09 — B=0.75,a=0.95
04 0.6 0.8 1.0 =0.95,a=07
005+ ]B=U_?5:a=0_95

Figure 3. The graphs of exact solution for various values of ¢ and g att = 1.
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U a=0.9,6=0.8
U a=0.956=0.75

Figure 4. 3D graphs of exact solution for various values of a and f.

It is clear from Fig. (1) that as « tends to 1 at x = 1 and 8 = 1 the amplitude of the solutions
gets greater. Similarly, Fig. (2) that as 8 tends to 1 at x = 1 and a = 1 the amplitude of the
solutions gets greater. Fig. (3) and (4) imply that we have damped solution when the order of

fractional space and time derivatives are less than 1.

5. CONCLUSION

The exact solutions of STFWP with homogenous fractional Neumann boundary conditions
were obtained through separation of variables method. By applying the proposed method the
problem is reduced into two fractional ordinary differential equations with corresponding
conditions. Product of solutions to reduced problems yields the exact solution of the STFWP in
terms of fractional trigonometric functions. To illustrate the implementation of the method for

STFWP some examples were presented and graphs of solutions were given.

The fractional wave problems will be taken into consideration by various method for the next
research.
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ABSTRACT

In recent years, new concepts of fractional derivative with non-singular and non-local kernels
have been developed to overcome the limitations of conventional fractional derivatives such as
Caputo and Riemann-Liouville. For the established fractional differentiation with singular
kernel, a numerical scheme has been utilized in this paper. The suggested scheme has been
applied to solve fractional initial value problem. The analysis of the exact and approximate
solutions leads to the result that the proposed scheme is very effective and its convergence rate
is very high.

Keywords: Fractional initial value problem, Atangana-Baleanu fractional derivative, Caputo

fractional derivative

1. INTRODUCTION

In the establishment of solutions to nonlinear differential equations numerical schemes play a
key role. This nonlinear differential equations with local or non-local operators have been
utilized in the modeling of intricate systems to analyze the behavior of them (Hairer, Norsett,
& Wanner, 1993) (Lambert, 1991) (Akyol, Cetinkaya, & Demir , 2021) (Cetinkaya & Demir ,
2020a) (Cetinkaya & Demir, 2023a) (Cetinkaya & Demir, 2021a) (Cetinkaya & Demir, 2019a)
(Cetinkaya & Demir, 2020b) (Cetinkaya & Demir, 2023b) (Cetinkaya & Demir, 2022a)
(Cetinkaya & Demir, 2022b) (Cetinkaya & Demir, 2020c) (Cetinkaya & Demir, 2021b)
(Cetinkaya & Demir, 2022c) (Cetinkaya & Demir, 2021c) (Cetinkaya & Demir, 2022d)
(Cetinkaya & Demir, 2024a) (Cetinkaya & Demir, 2021d) (Cetinkaya & Demir, 2022¢)
(Cetinkaya & Demir, 2021e) (Cetinkaya & Demir, 2023c) (Cetinkaya & Demir, 2021f)
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(Cetinkaya & Demir, 2021g) (Cetinkaya & Demir, 2022e) (Cetinkaya & Demir, 2023d)
(Cetinkaya & Demir, 2020d) (Cetinkaya & Demir, 2022f) (Cetinkaya, Bayrak, Demir, &
Baleanu, 2022) (Cetinkaya, Demir , & Kodal Sevindir, 2020e) (Cetinkaya, Demir, & Baleanu,
2021h) (Cetinkaya, Demir, & Kodal Sevindir, 2021g) (Cetinkaya, Demir, & Kodal Sevindir,
2020f) (Cetinkaya, Demir, & Kodal Sevindir, 20201) (Demir, Bayrak, Bulut, Ozbilge, &
Cetinkaya, 2023) (Kodal Sevindir, Cetinkaya, & Demir, 2021).. Numerical schemes are applied
to establish the numerical solutions when the establishment of analytical solutions are not
possible. Fractional differential equations draw attention of many scientists since fractional
models reflect the behavior of the systems much more better than ordinary differential equations
(Caputo, 1967) (Algahtani, 2016) (Alkahtani, 2016) (Atangana & Baleanu, 2016) (Atangana &
Koca, 2016). Various fractional derivatives have been introduced and utilized to get better
mathematical model of investigated systems. However, solving fractional differential equations
analytically is not always possible. This leads many researchers to construct numerical or

approximate solutions of them by means of various numerical schemes.

In this research, we utilize a numerical scheme which is a combination of two-step Lagrange
polynomial and fundamental theorem of calculus to solve fractional differential equations
including Atangana—Baleanu fractional derivative (ABFD) which is a non-local derivative.
Since it includes non-singular kernel, it has various applications in diverse fields of science (Al-
Refai & Pal, 2019) (Atangana, 2016).

2. PRELIMINARIES

This section involves fundamental definitions used in through this research.
Definition 2.1. The definition of the Sobolev space HP(Q) is given by
HP(Q) = {f € L?(Q): DFf € L2(Q), for all |B] < p}

where Q is an open subset of R and p € [1, o).

Definition 2.2. The definition of left ABFD in Caputo sense for the function h € H1(0,1) is
given by

B(a)
(1-a)

Ta(h) () = 2 [ (5) By |- 7= (x — )| ds
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where 0 < a < 1 and B(a) > 0 with the properties B(0) = B(1) = 1 is called a normalization
function. This definition is related by the following fractional integral

1%(h) @) = T2 h(x) +

_ 1
B(a)I‘(a)f h(s) (x — s)* ds.

For more information about ABFD, readers are referred to (Atangana & Baleanu, 2016)
(Atangana & Koca, 2016) (Atangana, 2016).

3. NUMERICAL SCHEME FOR NONLINEAR FRACTIONAL PROBLEM
INVOLVING ABFD

This section is devoted to establish numerical solution of linear or nonlinear fractional problems
where ABFD is involved. Moreover, it can be also used for fractional problems including

fractional derivative with nonsingular kernel.

Let us consider the following nonlinear fractional problem:

ABEDE(y(1) = f(t,y(D) B
{ t 20) = 7 ,ABC(a) =1 — i

Fundamental theorem of fractional calculus leads the fractional differential equation into the

following integral equation:

Y(©) = ¥(0) = 13 F(6.9(0) + riaza o F(2y(@) (€~ D .

This equation can be rearranged at t = t,,.,, n = 0,1,2, ... as

(1-a) tn
y(tne1) —y(0) = ABC(aa)f(tn'y(tn)) + m i (T }’(T)) (tpe1 — 7)) dT =
(1-a) t
ABch)f( tn, ¥ (tn)) + m =0 [, " f(y (@) (tasr — D . 1)

The function f(r,y(r)) can be approximated by the two-step Lagrange polynomial

interpolation in the interval ¢, t; ] as follows:

—tp- -t f(tey(tr)
Pe(®) = Z85L £, y(60) = 2 (11, ¥ () = L2 -y -

f(tk—lty(tk—l)) (T _ tk) ~ f(tk'y'k) (T

f(tr-1Yr—-1)
- - _ tk—l) _ I\ k=1 k=1) (7_— _ tk)-

h
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Substituting this equation in Eq. (1) yields the following

_ (1-a) [ty cte
Y1 = Yo + 3o (b ¥ (t0)) + m Je= (T L@ = teen) (b —
T)a_ld’[ _ (tk—zyk—ﬂ ftl;(k+1(r —t) (tpaq — T)a_ld‘l,'). (2)

By using the following definitions
t -
A = ftkkH(T — tg-1) (tper — 0¥ 1dr,

t -
Agiz = ftkk+1(T — ti) (tnyr — DN,

_ patl (n+1-k)*(n—k+2+a)—-(n—k)*(n—k+2+2a)
a(a+1)

Aa,k,

a+1 (1=K - (n—K)*(n- k+1+a)
Aa,k =h ala+1)
The Eqg. (2) can be reformulated in the following form

(1-a)

n [P Ceyi) oNafa _
oSt y(t)) + o k=o< e (11— (n—k+2+a)

Yn+1 = Yo T

_ _ _ e Yie=a) — k) _ (y — _
n—-k)*n—k+2+ Za)) (a+2) ((n +1-k)“ n-kKk)*n—k+1+
a))).

The error analysis of this numerical scheme is given by the following theorem (Toufik &
Atangana, 2017).

Theorem 1. The error for a non-linear fractional differential equation with non-local and non-

singular kernel fractional derivative is estimated by

IRE| < s max [ [£(2,y()]] (n + Dan®) 1120

24BC(a)T(a+2) | 0 tn+ 2

where f(¢,y(t)) has a bounded second derivative.

4. ILLUSTRATIVE EXAMPLES
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In this section, two examples are presented to exemplify the effectiveness and accuracy of the

proposed numerical scheme.

Example 1) Let us consider following fractional problem

{ABSDf‘(y(t)) = t?
y(0) =0

which has the following exact solution

1-a o 1 2t9t2
ABC(a) I'(a)XABC(a) a?+2a+2

y(t) =

a

where ABC(a) =1 —a + T

The graphs of the numerical solutions and the error table shows that the proposed numerical
method is effective and accurate in the establishment of numerical solutions. Moreover, the

convergence rate to the exact solution is very high.

o=0.5
_1 L T T T T T T T T T .K
— & —FFEM h=0.1 /£
FFEM h=0.01 £/
0.9 FFEM h=0.001 VY K
FFEM h=0.0001 A
0.8 Y
0.7 f V8- I
£ g
0.6 //" 7 -
F
= 4@
=05 Vv T
Vi
04t vy :
/ p
S
0.3 £ 1
-
& -
02r & 4
P
s &
01T /:_.3’ i
— ,:-_"_, er -
DG.\,—_._.—{;_- — ﬂ i 1 i i i i i
0 01 02 03 04 05 06 07 08 09 1

Figure 1. The graphs of exact and numerical solutions of Example 1 at &« = 0.5 for various steps

of discretization
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Table 1. Percentile error table at h = 0.0001 for various values of & and ¢ for Example 1.

t a=0.5 a =0.75 a=0.9 a=1
0.1 %2.50 %1.02 %0.44 %0.000249
0.2 %3.45 %1.68 %0.81 %6.24 x 107°
0.3 %4.08 %2.12 %1.01 %2.77 x 107°
0.4 %4.56 %2.44 %1.15 %1.56 x 1073
0.5 %4.94 %2.70 %1.24 %9.99 x 107°
0.6 %5.27 %2.91 %1.32 %6.94 x 107°
0.7 %5.56 %3.09 %1.38 %5.10 X 107
0.8 %5.81 %3.24 %1.43 %3.90 X 107
0.9 %6.04 %3.38 %1.47 %3.08 x 107

1 %6.25 %3.50 %1.50 %2.49 x 107

Example 2) Let us consider following fractional problem

{ABng‘(y(t)) =t3+t2+¢t
y(0) =0

which has the following exact solution

_ _ 3 2 a+3 T'® a+2 _T3) a+1 _T@
yO)=A—-a)(t> +t*+t)+at e T e T e

It is clear from the graphs of the numerical solutions and the error table that the suggested
numerical scheme leads to numerical solutions with high accuracy. Moreover, they converge to

the exact solution very rapidly.
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Figure 2. The graphs of exact and numerical solutions of Example 2 at & = 0.5 for various steps

of discretization

Table 2. Percentile error table at h=0.0001 for various values of a and t for Example 2.

t a =05 a = 0.75 a=0.9 a=1
0.1 %21.08 %13.06 %5.12 %0.000111
0.2 %21.42 %13.44 %5.50 %3.10 x 1075
0.3 %21.53 %13.56 %5.61 %1.53 x 1075
0.4 %21.59 %13.62 %5.65 %9.59 x 107°
0.5 %21.62 %13.65 %5.68 %6.74 x 107°
0.6 %21.64 %13.67 %5.70 %5.09 x 107°
0.7 %21.66 %13.69 %5.71 %4.04 x 107°
0.8 %21.67 %13.70 %5.72 %3.31 x 107°
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0.9 %21.68 %13.71 %>5.733 %2.78 X 1076

1 %21.69 %13.72 %>5.739 %2.38 X 1076

5. CONCLUSION

In this study numerical solutions for fractional differential problems with ABFD which has a
non-singular and non-local kernel were established by the proposed method which is made up
of two-step Lagrange polynomial and fundamental theorem of fractional calculus. The
presented examples prove that the suggested method is very accurate and effective in the
establishment of numerical solutions. Moreover, the numerical solutions converges rapidly to

the exact solution without any restriction on the step of discretization h.
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OZET

Bu c¢alismada, modern tarim uygulamalari i¢in gelistirilen bir sera yonetim sistemi uygulamast
gerceklestirilmistir. Sistemde, Oncelikle seradaki bitkilerin fotograflar1 cekilerek Pytorch
tabanli makine O0grenimi modeli ile olgunlasmamis, olgunlasmakta olan ve olgunlagmis
tiriinlerin sayisi ile hastalikli yapraklarin sayis1 belirlenmektedir. Ardindan, elde edilen veriler
Firebase veritabanina aktarilmakta ve ¢iftgilere anlik bilgi saglamak amaciyla React Native ile
gelistirilmis bir mobil uygulama araciligiyla erisilebilir hale getirilmektedir. Ayrica, seradaki
toprak nem sensorleri siirekli olarak nem seviyelerini izlemekte ve belirli bir seviyenin altina
diistiigiinde otomatik sulama sistemi devreye girmektedir.

Tasarlanan sistemde, diizenli araliklarla ¢ekilen ve goriintii isleme teknikleri kullanilarak analiz
edilen bitki fotograflarindan makine 6grenimi modeli ile bitkilerin olgunlasma durumlar1 ve
hastalik belirtilerinin tespiti yapilmis ve bunun sonucunda modelin %92 dogruluk oraniyla
olgunlasma ve hastalik tespiti yaptig1 gézlemlenmistir. Ote yandan, her 15 dakikada bir dlgiim
yaparak nem seviyelerini izleyen ve belirli bir esik degerin (%30) altina diistiiglinde otomatik
sulama sistemini devreye sokan toprak nem sensorleri sayesinde bitkilerin ihtiya¢ duydugu su
miktar1 gozetilerek bir sulama yapilmakta, bdylece harcanan su optimal diizeyde tutulmakta ve
tasarruf saglanmaktadir. Bu calisma kapsaminda gelistirilen akilli sera otomasyon sistemi,
ciftcilere uzaktan takip ve yonetim imkani sunarak is yiikiinii hafifletmekte ve tarim siireglerini
daha verimli hale getirmektedir. Gelistirilen mobil uygulama sayesinde, ¢iftciler seradaki bitki
durumunu ve toprak nem seviyelerini anlik olarak izleyebilmekte ve gerekli miidahaleleri
zamaninda yapabilmektedir.

Bu calisma, makine 6grenimi ve mobil teknolojiler kullanilarak seralarda bitki izleme ve
yonetiminin nasil optimize edilebilecegini gostermektedir. Sonuglar, sistemin tarim sektoriinde
verimlilik ve siirdiiriilebilirlik agisindan dnemli katkilar sunabilecegini gdstermektedir.
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ABSTRACT

The objective of this study is to implement a greenhouse management system developed for
modern agricultural applications. The system begins by taking photographs of the plants in the
greenhouse. These images are then analysed by a Pytorch-based machine learning model, which
determines the number of immature, maturing and mature crops and the number of diseased
leaves. Subsequently, the data is transferred to the Firebase database and made accessible
through a mobile application developed with React Native, thereby providing farmers with
immediate information. Furthermore, soil moisture sensors in the greenhouse continuously
monitor the moisture levels, and when they fall below a certain threshold, the automatic
irrigation system is activated.

In the designed system, the maturity and disease symptoms of the plants were detected with a
machine learning model from plant photographs taken at regular intervals and analysed using
image processing techniques. The model was observed to have an accuracy of 95% in detecting
maturity and disease. Conversely, the soil moisture sensors, which monitor moisture levels at
15-minute intervals and activate the automatic irrigation system when the threshold value
(30%) is reached, enable irrigation to be carried out in a manner that considers the amount of
water required by the plants. This approach ensures that water consumption is kept at an optimal
level and that costs are reduced. The smart greenhouse automation system developed within the
scope of this study provides farmers with remote monitoring and management, thereby reducing
their workload and enhancing the efficiency of their agricultural processes. The mobile
application developed enables farmers to monitor the plant status and soil moisture levels in the
greenhouse in real time, allowing them to implement timely interventions.

This study demonstrates the potential for machine learning and mobile technologies to optimise
plant monitoring and management in greenhouses. The results indicate that the system can make
a significant contribution to productivity and sustainability in the agricultural sector.
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GIRIS

Diinya niifusunun hizla artmasi, tarim arazilerinin verimli ve siirdiiriilebilir bir sekilde yonetilmesini
zorunlu hale getirmektedir. Artan niifus ve azalan dogal kaynaklar, tarimin daha etkili ve verimli
yontemlerle yapilmasini gerektirmektedir (Yasar, 2017). Bu baglamda, tarim arazilerinin izlenmesi ve
yonetilmesi, liretimi artirmak ve gida giivenligini saglamak agisindan kritik bir rol oynamaktadir.
Giintimiizde teknolojik ilerlemeler ve uzaktan algilama yontemleri, tarimsal verimliligin artirilmasinda
onemli firsatlar sunmaktadir.

Bu calisgmanin genel amaci, modern tarim uygulamalar i¢in entegre bir sera yOnetim sistemi
gelistirmektir. Bu sistem, goriintii isleme, sensor teknolojisi, makine &grenimi ve otomasyonun
entegrasyonuyla bitkilerin saglik durumlarini ve biiylime siireglerini izlemeyi hedeflemektedir.
Literatiirdeki benzer ¢aligmalar, bitki hastaliklarimin tespiti ve izlenmesinde goriintii isleme
tekniklerinin etkinligini gostermektedir (Alyas, 2023; Mu ve digerleri, 2017; Hannan, Burks ve
Bulanon, 2007; Oflazoglu, 2023; Ziya ve digerleri, 2019).

Sera yOnetim sistemleri lizerine yapilan c¢alismalar incelendiginde, farkli yaklagimlarm ve
teknolojilerin  kullamildig1 goriilmektedir. Alyas (2023) goriintii isleme teknikleriyle yaprak
hastaliklarim tespit ederek, hastaliklarin belirlenmesini saglamistir. Mu ve digerleri (2017) Kinect
sensorlerinden aldiklar bilgileri kullanarak meyvelerin konumlarimi belirlemislerdir. Hannan, Burks
ve Bulanon (2007) narenciye tespiti i¢in yapay gorme algoritmalar gelistirmistir. Oflazoglu (2023) ise
zeytin agaclarmin meyvelerini tespit etmek icin YOLOv4-tinycustom modelini kullanmis ve yiiksek
dogruluk oranlarma ulagsmustir. Tastan (2019) ise akilli bahge sulama sistemi gelistirerek, sicaklik ve
nem sensorlerinden alinan verilere gore otomatik sulama yapmustir.

Bu calisma, literatiirdeki mevcut calismalardan ilham alarak, bitki sagligi ve sulama siireclerini
optimize eden entegre bir sera yonetim sistemi gelistirmeyi amaglamaktadir. Sistem, 1s1, nem ve 151k
sensOrleri kullanarak bitkilerin gelisimlerini siirekli izlemekte ve elde edilen veriler Firebase
veritabanina aktarilmaktadir. Ciftciler, bu verileri React Native ile gelistirilmis mobil uygulama
araciliryla anlik olarak takip edebilmektedir. Ayrica, otomatik sulama sistemi, toprak nem seviyelerini
izleyerek su tasarrufu saglamaktadir. Gelistirilen entegre sistemin 6zglinliigi, bitki izleme ve yonetim
stireglerinde kullanilan yenilikei teknolojilerin entegrasyonu ve ciftcilere sundugu pratik ¢oziimlerle
One ¢ikmaktadir. Gelistirilen akilli sera sistemi, tarim sektoriindeki verimlilik ve siirdiiriilebilirlik

hedeflerine Onemli katkilar sunarak, modern tarim uygulamalarinda etkin bir ara¢ olarak
kullanilabilecektir.
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2. MATERYAL VE METOT

Gergeklestirilen bu ¢alismada, temel bilesen olarak Raspberry Pi kullanilmistir. Sistemin diger
bilesenleri sunlardir: Topragin nem seviyesini izlemek i¢in kapasitif nem sensorii, sulama
sistemini kontrol etmek i¢in role ve su motoru, iiriinlerin fotograflarini ¢ekmek icin kamera,
kameranin hareket kabiliyeti i¢in step motor siiriiciisii ve step motor, ve kullanici arayiiziinii
gelistirmek icin React Native. Bu bilesenlerin birbirleriyle olan baglantilar1 ve islevleri, Gorsel
1'de sunulan blok diyagraminda detayl bir sekilde gosterilmistir.

Nem Sensirii

ADC Girisi
Pulse/Direction

Kontrolii Sulama Cilas:

GPIO Pinleri

Raspberry Pi

GPIO Pinleri

Kamera

Gorsel 1. Sistemin Blok Diyagram

2.1. Toprak Nem Seviyesi izleme ve Otomatik Sulama Sistemi

Su kaynaklarmin etkin yonetimi, gida iiretimine yonelik artan talep ve su kaynaklarinin artan
kithig1 goz oniine alindiginda, modern tarimda 6nemli bir zorluk teskil etmektedir. Bu durum,
bu zorluklarin tstesinden gelmenin bir yolu olarak yenilik¢i sulama sistemlerinin
gelistirilmesine yol agmistir. Bu arastirma makalesi, sulama siirecini optimize etmek icin bir
nem sensori, 16 bit 4 kanall1 bir analog-dijital doniistiiriicii (ADC) ve bir Raspberry Pi kullanan
otomatik bir sulama sistemi sunmaktadir. Sulama sistemi algoritmas1 Gorsel 2° de, elektronik
baglantilar ise Gorsel 3’ te verilmistir. Bu sistemde, nem sensoriinden elde edilen veriler 16
bitlik 4 kanalli bir ADC aracilifiyla dijital formata doniistiiriilmekte ve Raspberry Pi'ye
aktarilmaktadir. Bu sayede Raspberry Pi, nem sensoriinden gelen verileri dijital formatta
okuyabilmektedir. Nem seviyesinin Onceden belirlenmis bir esigin (6rnegin %30) altina
diismesi durumunda Raspberry Pi réleye bir sinyal gondererek su motorunu etkinlestirmekte ve
otomatik sulama islemini baglatmaktadir. Bu prosediir, bitkilerin optimum nem seviyesinde
tutulmasin1 garanti ederken, sulama siirecini otomatiklestirmekte ve manuel miidahale
thtiyacini azaltmaktadir (Gutiérrez vd., 2014).
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Nem Sensdriinden
Gelen Veriyi Oku

¥
Okunan Veriyi

Nem Degeri Referans
B Dederden Kicik Ise
Nem Dederi Raleyi Aktif Et

Nem Dederi Referans
Dederden Biyik |se

h 4

A 4

Motoru Calistir

Gorsel 2. Sulama sistemi algoritmasi

Bu sistemin tasariminda, toprak nemi, pH ve hava kosullarini izlemek i¢in diisiikk maliyetli
sensOrler kullanan ve verilerin optimizasyonu ve kontrolii i¢in bir bulut platformuna ileten
otomatik bir sulama sistemi de dahil olmak {izere (Veerachamy ve ark., 2018) calismasindan
ilham alinmgtir

VURVUR

fritzing

Gorsel 3. Sulama Sistemi Elektronik Baglantilar
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2.2. Obje Tespit ve Kamera Hareket Sistemi

Yapilan tasarim, tarim sektoriinde verimliligi artirmak ve sera yOnetimini optimize etmek
amaciyla gelistirilen bir akilli sera izleme ve yonetim sistemini de icermektedir. Sistem, goriintii
isleme ve makine 6grenimi tekniklerini kullanarak bitki sagliginmi izlerken, otomatik sulama
sistemleriyle toprak nemini kontrol eder ve veri analitigi araglariyla kullaniciya gergek zamanli
bilgi saglamaktadir. Sistemin goriintii alma islem akisi ise Gorsel 4 ayrintili olarak verilmistir.

BASLA

b4
h A

K Baslangic Konumunda ise
iletilen Fotograf amera
Konumu

Baglanaig
Konumunda
Dedil Ise
v
h 4 Kamera Kenumunu
Fotografa Gorinta Baglangi¢ Konumuna
isleme Algoritmasi Getir
Uygula

h 4

Son Konuma
Gelmemis Ise

Fotograf Cek

Algoritmadan
Cikan Verileri Kaydet

Son Konuma

Gelmig Ise v
Jv Fotografi Raspberry
Pi'ye llet -
Kameray: Baglangic
Konumuna Getir \-_/_\
Verileri

FireBase'e llet ‘

Kamera Konumu
Degistir

Gorsel 4. Goriintii Alma Algoritmasi

Model olusumu icin 1984 sayida goriintii iceren bir veri seti kullanilmistir. Bu goriintiiler,
Roboflow kaynagindan toplanmis ve her biri olgunlasmis, olgunlagmakta olan ve
olgunlagsmamis siiflariyla etiketlenmis sinirlayici kutularla isaretlenmistir (Gorsel 5). Egitime
baslamadan once tiim goriintiiler 640 piksel standart ¢oziliniirliige yeniden boyutlandirilmis ve
piksel degerleri model yakinsamasini artirmak i¢in normallestirilmistir. Ayrica, sif
dengesizlik sorunlarini azaltmak i¢in veri setiasir1 6rnekleme teknikleriyle dengelenmistir.

Calismada PyTorch derin 6grenme cergevesi kullanilarak dnceden egitilmis Faster R-CNN
modeli transfer 6grenimi ile adapte edilmistir. Veri setinde diizenlemeler yapilarak model
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egitilmistir. Egitimde LR (Learning Rate) 6grenme orani kullanilarak Adam optimizer tercih
edilmistir ve 10 epok boyunca egitim gergeklestirilmistir. Modeli degerlendirmek i¢in Kayip
Egrileri ve dogruluk metrikleri kullanilmistir. tasarimda, bitkinin pargalarini (6rnegin,
yapraklar veya meyveler) tanimlamak ve etiketlemek amaciyla ResNet50 FPN (Feature
Pyramid Network) ile 6nceden egitilmis bir 6zellik ¢ikarma agi kullanilmistir. Ciinkdi, bu
yaklagim, 6zellikle karmasik ve degisken cevresel kosullarda giiclii performans gostermektedir.

Egitim veri setinde cesitlilik saglamak icin ¢esitli veri artirma teknikleri kullanilmaktadir.
Bunlar arasinda mozaik (mosaic) artirma, bulaniklastirma, gri tonlama, parlaklik kontrasti, renk
bozulmasi ve rastgele gama diizenlemesi yer almaktadir. Bu teknikler, modelin genelleme
yetenegini artirarak gercek diinya kosullarinda daha iyi performans gostermesini saglamaktadir.

Model egitimi, SGD (Stochastic Gradient Descent) optimizer ile yapilmaktadir. Cosine
Annealing Warm Restarts teknikleri kullanilarak 6grenme orani diizenlenmis ve egitim siireci
optimize edilmistir. Bu stratejiler, modelin daha hizl1 ve stabil bir sekilde 6grenmesini ve asir1
uyum riskini azaltmasini saglamaktadir.

Gorsel 5. Makine Ogrenmesi Obje Tespiti

Elde edilen diizenegin goriintii alim islevselligini dogrulamak i¢in, Gorsel 4’te belirtilen
baglantilar fiziksel olarak kurulmustur. Bu baglantilar, Raspberry Pi iizerinde Visual Studio
Code uygulamasi araciliiyla tasarlanan 6zel bir kodla entegre edilmistir. Step motorun kamera
mekanizmasini ileri ve geri yonde hareket ettirebilmesi i¢in motorun yaklagik 300 RPM hizinda
calistirilmasi saglanmistir. Bu adim, kamera mekanizmasinin hareketinin ve step motorunun
dogru ¢alismasinin saglanmasi1 amaciyla gerceklestirilmistir.
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Gorsel 6. Kamera Hareket Devresi
2.3 Firebase ve Mobil Uygulama
2.3.1 Uzaktan Izleme icin Firebase Entegrasyonu ve Mobil Uygulama Tasarimi

Mobil uygulamanin kodlamasi, Visual Studio Code gelistirme ortamiyla React Native
framework'li kullanilarak Redux mimarisiyle yapilmistir. Redux, uygulama durumunu merkezi
bir depoda yonetmekte ve kullanici arayiizii ile is mantig1 arasinda veri akisini1 saglamaktadir.
Bu mimari, tasarimin ilerleyen siiregte esnek bir sekilde genisletilmesine olanak tanimakta ve
birden fazla gelistirici tarafindan kolayca anlasilabilmektedir. Firebase Realtime Database veya
Firestore gibi Google Firebase hizmetleri, mobil uygulamaya gelen verilerin y6netimini
tistlenmekle birlikteuygulama ic¢indeki global durum ydneticisi olarak kullanilarak verilerin
dinamik bir sekilde yonetilmesini ve kullanici arayiiziinde gdosterilmesini saglamaktadir.
Firebase API'leri sayesinde mobil uygulamalar, MQTT protokolii araciligiyla alinan gercek
zamanl verilere erisebilmektedir.

2.3.2 Sera Izleme i¢in Mobil Uygulama Tasarimi

Gorsel 6°da gosterildigi gibi, sera izleme i¢in 6zel bir mobil uygulama tasarlanmistir. Bu
uygulama, React Native kullanilarak gelistirilmistir. React Native, hem iOS hem de Android
platformlarinda calisabilen yiiksek performansli mobil uygulama olusturmay:1 destekleyen
JavaScript tabanl bir ¢ercevedir. React Native, yeniden kullanilabilir bilesenler sunmakta ve
yerel platform 6zelliklerine erisim saglamaktadir.

PROCEEDING BOOK Academy Global Publishing House | 170




| LONFER;
o Ay
& &

-
o,
=
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

— Y

s T —— |
T - e

Giincel Sera Verileri

Gorsel 6.Mobil Uygulamanin Arayiizleri

Uygulamanin temel 6zellikleri sunlardir:
Kullanic1 Profilleri: Her kullanicinin kisisellestirilmis bir profili bulunmaktadir.

Kullanic1 Dostu Arayiiz: Uygulama, sera verilerini grafikler, tablolar ve gostergelerle
kullanici dostu bir sekilde sunmaktadir.

Gergek Zamanli Iletisim: Firebase entegrasyonu ile uygulama siirekli olarak veri aligverisi
yapar ve anlik glincellemeler saglar.

Parametre izleme: Kullanicilar, nem seviyeleri ve seradaki iiriinlerin olgunluk durumlari gibi
onemli parametreleri izleyebilir.

Miidahale Imkan: Firebase kullanarak kullanicilar, sera kosullarimi uzaktan izleyebilir ve
gerektiginde miidahale edebilir.

Giivenli erisim igin her sera sahibine benzersiz bir iiyelik atanir. Uye olmayan kullanicilar
uygulamanin kayit sayfasindan hesap olusturabilir. Kimlik dogrulamas1 yapilan kullanicilar,
nem sensorll verilerini, irliin miktarim1 ve hastalikli yapraklarin konumunu iceren sayfaya
yonlendirilmektedir.

3. SONUCLAR ve DEGERLENDIiRME

Bu calisma, modern tarim uygulamalar i¢in gelistirilen entegre bir sera yonetim sisteminin
basarili bir sekilde tasarimini ve uygulanmasini icermektedir. Goriintii isleme, sensor
teknolojisi, makine 6grenimi ve otomasyonun entegrasyonuyla, bitkilerin saglik durumlarinin
izlenmesi ve otomatik sulama sistemleriyle toprak neminin kontrol edilmesi saglanmistir. Bu
sistem, PyTorch tabanli makine 6grenimi modeliyle bitkilerin saglik durumlarini ve olgunlagma
stireclerini %92 dogruluk oraniyla belirleyebilme yetenegi sunmaktadir.
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Calismanin temel katkilarindan biri, birden fazla teknolojinin entegrasyonuyla c¢oklu
parametrelerin es zamanli izlenmesi ve kontrol edilmesidir. Mobil uygulama arayiizii sayesinde
ciftcilere, anlik veri takibi ve gerekti§inde miidahale yapabilme imkani saglanmistir. Bu
Ozellikler, sistemin kullanici dostu ve etkili bir arag oldugunu kanitlamaktadir.

Elde edilen sonuglar, makine 6grenimi ve mobil teknolojilerin kullanimiyla seralarda bitki
izleme ve yonetiminin optimize edilebilecegini gostermektedir. Bu sistem, tarim sektdriinde
verimliligi artirarak siirdiiriilebilir tarim uygulamalarina 6nemli katkilar sunabilir. Gelecekte
yapilacak c¢alismalar, sistemin farkli bitki tiirlerine ve cesitli iklim kosullarina uyarlama
potansiyelini arastirarak sistemin kapsamini genisletebilir. Ayrica, iklim kosullarinin izlenmesi
ve bitki besin yOnetimi gibi ek fonksiyonlarin entegrasyonuyla sistem daha da gelistirilebilir,
bu da tarimsal tiretimde dijital doniisiim siirecine daha fazla katki saglayabilir.

Lisans Ogrenci Projesi (BAP09) destekleri kapsaminda “FLO-2024-15824" kodlu “Akilli Sera
Otomasyonu" projesi ile maddi destek saglayan Karadeniz Teknik Universitesi Bilimsel
Arastirma Projeleri (BAP) Birimi'ne tesekkiir ederiz.
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ABSTRACT

In this research, a new method consisting of the combination of the Adomian decomposition
method and the Laplace transform was used to find the approximate solutions of fractional Ito
equation in conformable sense. This Ito equation is actually a KdV type equation which is
frequently preferred in predicting the normal rolling behavior of ships at sea and it is known as
a indispensable model for many nonlinear physical applications in the fields of hydrodynamics,
magnetoacoustic propagation for plasmas and surface tension emerging in shallow waters. This
Ito equation also explains us the interaction process of two internal long waves. The solutions
found here are in good agreement with the existing solutions. The results obtained by
calculations guarantee that the current technique is very accurate, converges quickly and is
highly effective. It is also a mathematical tool that can be easily applied to solve real life
problems that arise in many fields of engineering and sciences. The obtained results also show
that the method used here will be an important tool in solving various non-linear partial
differential equations in many fields such as fluid dynamics, non-linear sciences, nonlinear
waves and ocean engineering.

Anahtar Kelimeler : Laplace Decompositon Method, Laplace Transform, Conformable
Derivative, Ito Equation.

1.GIRI

In areasssuch as applied mathematics, physics, chemistry, biology, engineering, astronomy and
economics, a mathematical model is required to represent a specific problem[1,2]. Most of the
models encountered in applied mathematics, physics and many engineering fields are expressed
as differential equations and fractional order differential equations. The fact that the existing
analytical solution methods for the encountered equations do not meet the need has led
researchers to find new numerical and approximate solution methods. Many studies have been
conducted to obtain approximate solution methods of linear and nonlinear fractional partial
differential equations with the help of computers [3-6]. One of this method conformable
Laplace decomposition method (CLDM) which we will use through out this study [4]. Many
real-life events are better modeled with the help of fractional analysis [7-9]. In recent years,
fractional derivative; problems modeled through fractional derivative such as fluid systems,
signal processing, stochastic systems, controlled systems, allometry in biology and ecology
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have become more widely used [10]. Of course, with these developments, new fractional
derivative definitions are emerging every day. Caputo, Riemann-Liouville, Grunwald-
Letnikov, Atangana—Baleanu and conformable derivative a few of these fractional derivative
definitions. In this study, we will use the conformable fractional derivative operator for solving
fractional ITO equation which constitutes an important model for many nonlinear physical
applications such as magnetoacoustic propagation seen in plasma, hydrodynamics and tension
on the surface of shallow water [1,11]. Now let's give some definitions and theorems that will
be used in this study.

Tamim 1.1. [12]

Given a function h:[0,.) - R . Then conformable fractional a derivative of h is
T.h)(®) = lim h(t +et"*) —h(t)
>0 & (l)

where t>0 vea (0,1].

Lemma 1.1. [12]
Let h, g functions be . -differentiable in conformable sense and t >0 with « <(0,1]. Then,
(i T,(ah+bg)=a(T,h)+b(T,g),hera,beR,
(i) T, (t°)=st", her SeR, 2)
(iii) T, (h(t)) =0, h(t) = A for any constant 4
(iv) T,(hg) =h(T,9)+g(T,h),

v) Ta(h/g)=W- ©)

2. Algorithm of the Method

Consider the following nonlinear PDE’s given as
D]w+KW)+MWw)=r(xt) 0<n<1x>0,t>0 (4)
w(x,0) = p(x) ()
where D! is linear n-order conformable derivative with respect to ¢, K and M are linear and

nonlinear operators respectively, r is the nonhomogeneous term.

If conformable Laplace transform is applied to Eq (4). and then inverse conformable Laplace

transform,

Ly (D] W] + Ly [K(w)] + Ly [M(W)] = Ly [r] (6)
Ly[w] = (W, 0) + Ly [r]) — < (Ly [Kw)]) — 5 (Ly [MW)]) Y
w =Ly (W, 0) + Ly [r1)] = Ly B (Ly [KW))] = Ly ' (Ly M W) )] (®)

According to the ADM, the w(x, t) solution in Eq (4) w(x,t) = Y.z=, Wk, nonlinear term
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M(w) is given as M(w(x, t)) = Y=o Sk and Adomian Polynomials Sy is given as S =
— ~M(E o Awilae for k = 0,1,2, ... [13-15].

If these equations are put in Eq (8),
wo = Ly ' [5 (w(x, 0) + Ly [r])] 9)
Wier = =Ly ' (KWi))] = Ly [ (M(wi) (10)
CLDM solution is obtained [4].
3. Application

Consider the given non-linear conformable fractional ITO partial differential equations [1]

26w ow 92w 3w

a'lw
W-FZ +63_62+3 —+$=0 x,t>0 ,0<n<1 (1)
initial value
w(x, 0) = 20c? — 30c?(tanh(cx))? (12)

To solve this problem using CLDM presented above first rearrange Eq (11) and apply
conformable Laplace transform with respect to t,

amw 6_W 2 0w 6w6_w 23w
FE i A P re Rl ] (13)
T S A RPN
Lyl5aml = —Ly [6x5] Ly [ZW ox T 0o o T35 (14)
1 1 a°w 2 0w aw 02w 3w
[w] = (wCe,0) =5 (I [53]) = 5 (1 [2w2 55 + 65255 + 3w 53] (15)
Applying inverse conformable Laplace transform,
-1 1 ow ow 9%w
o [ e 0)] = 1y 6 ([5G (L [2w2 5 + 6555 +
23w
using initial conditions given in Eq (12),
_ —1,1 25w aw 6w6 w
w = 20c* — 30c?(tanh(cx))? — L, [ (L77 [ﬁ]) ( [2 2 6 -——=+
3Wf’3_WD] (17)
0x3
Using serial formula w(x, t) = .-, wy given in ADM,
S0 Wi = 20¢% — 30¢2 (tanh(cx))? — Ly 2 (L [6 Zakxsowk])
_1,1 o Ay TR 92 Y5 a3
Ly B (Ly [2(Ei wi)? 22t 4  2Rimowi im0 Vi . 3, & Bizowi] ) (18)
is obtained.
Hence the solution from Eq (9) and Eq (10)
wo = 20c? — 30c?(tanh(cx))? (19)
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Wier = =Ly ' (Ly [ 2202 )] = £, 7 2 (L [20wi)? 2% 4+ 6 226 20 . 3, 24T (20)

dx5 dx 0x? dx

is obtained. Let’s write down a few w;, terms to see how close we get to the exact solution with
a few wy, terms.

wo = 20¢? — 30c?(tanh(cx))?

w; = 480c’[45tanh(cx)” — 105tanh(cx)® + 77tanh(cx)3® — 17tanh(cx)] % —

42944Sinnh(cx)?  278463Sinnh(cx)*? 21
W2 = 7680c™ [_1331 + Cosh(cx)? N Cosh(cx)* ] 77_2 - (21)
— 81920¢17 [1331 51042664Sinnh(cx) 4 1163846185Sinnh(cx)3 £37
Ws = ¢ Cosh(cx) Cosh(cx)3 n3
If we call the sum of the first k terms of w;’s as @y, that is
B = o Wi = Wo + Wy + Wy + -+ Wy (22)
Then ,
B3 = Yo Wm = Wo + Wy + W,
= 20c? — 30c?(tanh(cx))? (23)

+480c”[45tanh(cx)” — 105tanh(cx)® + 77tanh(cx)® — 17tanh(cx)] % —

42944Sinnh(cx)?  278463Sinnh(cx)*? t2n

cosh(cx)? Cosh(cx)* n?

+7680c12 [—1331 +

is obtained.

1.5% 1071

Fig L. Error between 2-step CLDM solution and ex act solution of wix, t)
where o=1.0 , 02210 and 0=x=100
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Fig2. Error between 2-step CLDM solution and exact solution of w(x, t)
where ¢=0.73 . 0=t£10 and 0=x<100
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Fig3. 2-step CLDM solution of w{x, t ) where ¢=0.75 , 0=t=10 and
0=x=100

In Figl, the 3D graph of the error function between the exact solution and the 2-step CLDM
solution for « = 1.0 is shown. It is seen that the CLDM solution approaches the exact solution
by 10~11 even in 2 steps. In Fig2, the 3D graph of the error function between the exact solution
and the 2-step CLDM solution is shown for « = 0.75. This time, it is seen that the CLDM
solution approaches the exact solution by 1071 in 2 steps. In Fig3, the 3D graph of the 2-step
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CLDM solution is shown for « = 0.75. This graph shows how the 2-step CLDM solution graph
behaves physically in the given range.

3. Conclusion

We found the approximate solution of the Ito equation with the cldm method, which has been
recently introduced to the literature.We observed on the 3D graph how close the CLDM
solutions we found for different « values come to the exact solution. We can say that the CLDM
has given quite effective results even in 2 steps. We hope that our work will open new doors
for researchers in their studies.

4. References :

1. Arqub, O. A., Al-Smadi, M., Almusawa, H., Baleanu, D., Hayat, T., Alhodaly, M., & Osman, M.
S. (2022). A novel analytical algorithm for generalized fifth-order time-fractional nonlinear
evolution equations with conformable time derivative arising in shallow water
waves. Alexandria Engineering Journal, 61(7), 5753-5769.

2. Kumar, S., & Hamid, I. (2022). Dynamics of closed-form invariant solutions and diversity of
wave profiles of (2+ 1)-dimensional Ito integro-differential equation via Lie symmetry
analysis. Journal of Ocean Engineering and Science.

3. Wang, J., Xu, T. Z., & Wang, G. W. (2018). Numerical algorithm for time-fractional Sawada-
Kotera equation and Ito equation with Bernstein polynomials. Applied Mathematics and
Computation, 338, 1-11.

4. Ayata, M., & Ozkan, O. (2020). A new application of conformable Laplace decomposition
method for fractional Newell-Whitehead-Segel equation. AIMS mathematics, 5(6), 7402-7412.

5. Ayata, M., & Ozkan, O. (2021). A new approach to mathematical models of Drinfeld-Sokolov-
Wilson and coupled viscous Burgers’ equations in water flow. Physica Scripta, 96(9), 095207.

6. Ayata, M., & Ozkan, O. (2022). An analytical solution to conformable fractional fokker-planck
equation. Karaelmas Fen ve Miihendislik Dergisi, 12(1), 9-14.

7. Caputo, M. ve Mainardi, F., 1971, A new dissipation model based on memory

mechanism, Pure and applied Geophysics, 91 (1), 134-147.

Westerlund, S., 1994, Causality, report no. 940426, University of Kalmar.

Rosales-Garcia, J., Andrade-Lucio, J. ve Shulika, O., 2020, Conformable derivative

applied to experimental Newton’s law of cooling, Revista mexicana de fisica, 66 (2), 224-

2217.

10. Li, C., Qian, D. ve Chen, Y., 2011, On Riemann-Liouville and caputo derivatives,
Discrete Dynamics in Nature and Society, 2011.

11. wang, J., Xu, T. Z., & Wang, G. W. (2018). Numerical algorithm for time-fractional Sawada-
Kotera equation and Ito equation with Bernstein polynomials. Applied Mathematics and
Computation, 338, 1-11.

12. Khalil, R., Al Horani, M., Yousef, A. ve Sababheh, M., 2014, A new definition of
fractional derivative, Journal of computational and applied mathematics, 264, 65-70.
13. Rach, R. (1984). A convenient computational form for the Adomian
polynomials. Journal of mathematical analysis and applications, 102(2), 415-4109.

14. Adomian, G. (1990). A review of the decomposition method and some recent results for
nonlinear equations. Mathematical and Computer Modelling, 13(7), 17-43.

15. Cherruault, Y., Saccomandi, G., & Some, B. (1992). New results for convergence of
Adomian's method applied to integral equations. Mathematical and Computer Modelling: An
International Journal, 16(2), 85-93.

© ®©

PROCEEDING BOOK Academy Global Publishing House | 179




| LONFER;
o Ay
& &

-
o,
=
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

— Y

RHEUM RIBES EKSTRATININ DU-145 HUCRE HATTI UZERINDEKI
ANTIKANSEROJEN ETKIiLERININ BELIRLENMESI

Prof. Dr. Dilek PANDIR

Yozgat Bozok Universitesi,

dilek.pandir@bozok.edu.tr - 0000-0001-5954-0632
Yiiksek Lisans Ogrencisi Seren BENGUSAT

Yozgat Bozok Universitesi,

sbengusat@gmail.com — 0009-0008-8081-4624

Ogr. Gor. Fatih Oguz BEKDEMIR

Yozgat Bozok Universitesi,
f.oguz.bekdemir@bozok.edu.tr - 0000-0001-5111-3572

Uzman Biyolog Biisra OZ
Yozgat Bozok Universitesi,
busraoz7573@gmail.com — 0000-0001-6074-9003

OZET

Rheum ribes L. (Iskin otu), geleneksel tip ve farmakoloji alanlarinda iyilestirici bir etkiye sahip
olmasiyla bilinir, bu etkiler baslica antimikrobiyal, antibakteriyel, antiviral, antidiyabetik,
antikanserojen, sitotoksik etkiler olarak siralanabilir. DU-145 hiicre hatti, insan prostat kanseri
hiicrelerinden tiiretilmis bir hiicre hattidir. Bu hiicre hatti, 6zellikle prostat kanserinin
arastirilmasi ve tedavisi iizerine ¢aligmalarda yaygin olarak kullanilmaktadir. Apoptoz yontemi,
hiicrelerin programlanmis bir sekilde 6lmesini ifade eden dogal bir siirectir. Bu ¢calismada, canl
ve cansiz hiicrelerin Akridin orange ve Ethidium bromiir boyalarmin 1:1 oraninda karigtirtlmast
sonucu elde edilen boyar madde ile boyanarak canli hiicrelerin yesil renk, 6li hiicrelerin ise
kirmizi renk olarak gozlemlenmesini saglayan apoptoz yontemi kullanilmistir. Florasan
mikroskop altinda hiicrelerdeki canlilik durumu incelenerek hiicrelerin canlilik oranlari
belirlenmistir. Sonug¢ olarak artan dozlarda R. ribes ekstrati ile muamele edilen DU-145
hiicrelerinde canli ve 6lii hiicreler arasindaki fark; diisiik dozdan yiiksek doza ¢ikilirken
hiicrelerin yesilden kirmiz1 renge dondiigii tespit edilmistir. Bu ¢alisma, 15kin otunun DU-145
kanser hiicre hattina kars1 6ldiiriicti oldugunun ortaya konulmasinda 6nemli olmustur.

Anahtar Kelimeler: DU-145, Iskin Otu, Apoptoz Y 6ntemi
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ABSTRACT

Rheum ribes L. (ragweed) is known for its therapeutic effects in traditional medicine and
pharmacology, including prominent antimicrobial, antibacterial, antiviral, antidiabetic,
anticancer, cytotoxic effects, among others. The DU-145 cell line is derived from human
prostate cancer cells and is widely used in research and treatment studies related to prostate
cancer. Apoptosis is a natural process that signifies programmed cell death. In this study, the
apoptosis method was employed, which involves staining cells with a dye obtained by mixing
Acridine Orange and Ethidium Bromide in a 1:1 ratio, where live cells appear green and dead
cells appear red under fluorescent microscopy. The viability of cells was assessed by examining
their condition under a fluorescent microscope. The study observed differences between live
and dead cells in DU-145 cells treated with increasing doses of R. ribes extract, noting a
transition from green to red as the dose increased. In conclusion, this study has been significant
in demonstrating the cytotoxic effects of R. ribes extract against DU-145 cancer cells.

Keywords: DU-145, Rheum ribes L., Apoptosis Method
1.GIRiS

Karsinogenez, timdr olusumunun, gelisiminin ve devamliliginin meydana geldigi cok asamali
bir siiregtir. Bu gelisim normal bir hiicrenin transformasyonu ile baglar ve ardindan
hiperproliferasyon asamasina gecer. Tiimor hiicreleri, biiyiime baskilayici sinyallere karsi
direng gelistirdikten sonra, apoptoza (programlanmis hiicre 6liimiine) kars1 direng gosterirler.
Ayrica, yayillmact ve damar yapict ozellikler kazanarak ¢evresel dokulara yayilan metastatik
lezyonlarin olusumuna yol acarlar [1].

Kanser, hiicrelerin anormal bir sekilde cogalmasi ve bu hiicrelerin viicutta baslangic
noktalarindan farkli bolgelere yayilmasi ile tanimlanan ¢ok nedenli bir hastaliktir. Kanser,
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diinya capinda ciddi bir saglik problemi olarak 6ne ¢ikmakta ve yliksek gelirli tilkelerde ikinci,
gelismekte olan iilkelerde ise ti¢lincii en yaygin 6liim nedeni olarak degerlendirilmektedir [2].

Doku kokenlerine gore farklilik gosteren 100'iin iizerinde kanser tiirii mevcuttur. Karsinomlar,
epitelyal hiicrelerden kaynaklanirken; lenfoma, lenfatik sistemin hiicrelerinden gelisir.
Sarkomlar, kemik ve kas gibi mezodermal kokenli dokulardan gelisirken; adenokarsinomlar ise
glandiiler dokulardan, oOrnegin meme dokusundan, koken alan kanser tiirleri olarak
tanimlanmaktadir [2]. Kanser, hem igsel hem de dissal etkenlerden kaynaklanabilir. Igsel
etkenler, DNA replikasyonu sirasinda meydana gelen genomik instabilite ve mutasyonlari
igerirken; digsal etkenler ise ultraviyole 1sinlari, beslenme aligkanliklar1 ve sigara icme gibi
cevresel faktorleri kapsamaktadir [3].

Kanser, tiim organizmalarin temel birimi olan bir hiicrede baslar. Karsinojenik maddeler, DNA
molekiiliindeki piirin ve pirimidin bazlartyla ya da seker molekiilleriyle etkilesime girerek veya
kromozom yapisindaki proteinlerle ¢apraz baglar olusturarak DNA'nin yapisinda baz kayiplari,
zincir kirtlmalar1 ve tersine doniisler gibi yapisal degisiklikler meydana getirir. Bu yapisal
degisiklikler, DNA replikasyonu, genlerin transkripsiyonu, translokasyonu ve gen
aktivasyonunda degisikliklere yol acabilir. Onkogenlerde ve tiimor baskilayict genlerde
gerceklesen mutasyonlar, kontak inhibisyonunun kaybi gibi durumlarla birlikte kontrolsiiz

hiicre boliinmesi, yayilma ve metastaz gibi kanser 6zelliklerinin ortaya ¢ikmasina neden olabilir
[4, 5].

Normal hiicre boliinmesi, yiizlerce genin karmasik bir etkilesimi ile diizenlenir. Bu siireg, hiicre
proliferasyonunu tesvik eden genlerin aktivitesi ile bu proliferasyonu inhibe eden genler
arasindaki denge tarafindan kontrol edilir. Hiicrelerde bu dengeyi saglayan genlerde birikmis
mutasyonlar sonucunda hiicreler kanserlesir. Yapilan g¢aligmalar, insan genomundaki tiim
genlerin yaklasik %1'ini olusturan 250'den fazla genin kanser ile iligkili oldugunu gostermistir.
Bu genlerin yaklasik %901 somatik kokenli iken, %10'u germ hatt1 kokenlidir [6].

Kanser, ¢esitli organlarda gelisebilen bir hastaliktir. Ortak 6zelligi, normal hiicre bdliinmesini
diizenleyen mekanizmalarin kontroliinii kaybetmis hiicrelerin asir1 cogalmasidir. Tiirkiye’de ve
diinya genelinde, prostat kanseri, erkeklerde akciger kanserinden sonra en yiiksek goriilme
sikligina sahip kanser tiirlerinden biridir [7, 8].

Prostat, idrar kesesinin boynundaki iiretray1 saran ve erkek lireme sisteminin en biiyiik yardimc1
bezi olarak bilinen bir organdir [9]. Spermatozoonlarin diizgiin ¢calismasi i¢in gerekli enzimler,
lipitler, amino asitler ve metal iyonlarimi salgilayarak kritik bir islev goriir. Prostat bezinin
olgunlagsmasi, farklilasmasi ve islevini siirdiirmesi, steroid ve peptit hormonlar ile biiylime
faktorlerine baghdir [10]. Eriskin bir erkekte genellikle 18-20 gram agirliginda olan prostat
bezinin, androjenler kadar dstrojen ve progesteron gibi diger hormonlar tarafindan da biiytimesi
diizenlenir. Benign prostat hiperplazisi (BPH), yash bireylerde olduk¢a yaygindir; 50 yas ve
tizerindeki erkeklerin %50'sinden fazlasinda ve 80 yasia gelene kadar erkeklerin %90'1inda
prostat biiylimesi goriilmektedir. BPH, rahatsizlik veren alt iiriner sistem belirtilerine ve ani
iriner tikanikliga neden olabilir. Prostat kanseri, uzun bir siire boyunca biiyiiyebilir ve bu
nedenle tedavi siireci uzayabilir; yagh bireylerde tedavi genellikle 6nerilmeyebilir. Geleneksel
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tedavi yontemleri arasinda hormon tedavisi, cerrahi miidahale, radyoterapi ve kemoterapi yer
almaktadir.

Son yillarda gergeklestirilen epidemiyolojik arastirmalar, bitkilerde bulunan fenolik bilesiklerin
yiiksek oranda tiiketilmesinin, insanlarda daha diisiik kanser prevalansi ile baglantili oldugunu
gostermektedir [11]. Fenolik asitlerin kansere karsi etkileri, hiicre dongiisiiniin durdurulmasi,
hiicrelerin ¢ogalmasini engelleme, karsinojenlerin etkisiz hale getirilmesi, apoptozun
tetiklenmesi, damar olusumunun engellenmesi, antioksidan aktivite ve ¢oklu ila¢ direncinin
azaltilmas1 gibi ¢esitli mekanizmalar aracilifiyla ortaya ¢ikmaktadir. Kanser tedavisinde
kullanilan ilaglar, sadece kanser hiicrelerine degil, ayn1 zamanda saglikli hiicrelere de zarar
verebilmektedir. Bu sebeple, 6zellikle bitkisel kokenli olanlar gibi, yan etki riskleri diisiik olan
dogal kaynakli ilaglarin aragtirilmasi giderek daha fazla 6nem kazanmaktadir [12].

Diyet yoluyla alinan ve sifali bitkilerden elde edilen belirli fitokimyasallarin tiimér hiicrelerinin
Olimiinii tesvik etme potansiyeli, kanser tedavisi arastirmalarinda yeni bir bakis agisi
sunmaktadir [12].

Ulkemizde yetisen pek cok bitki tiirii, halk arasinda cesitli hastaliklarin belirtilerini hafifletmek
icin kullanilmaktadir. Bu bitkiler, genellikle antispazmotik, antikanserojenik ve dermatolojik
hastaliklara karsi etkileriyle dikkat ¢ekmektedir [13]. Tiirkiye’de yetisen ve cesitli bilimsel
arastirmalarda incelenmis tibbi bitkilerden biri de R. ribes tiirtidiir.

R. ribes, yerel olarak 1skin, uggun veya usgun adlartyla bilinen ve Tiirkiye, Ermenistan, Irak,
Liibnan, Iran, Afganistan ve Pakistan gibi iilkelerde yayilim gosteren bir bitkidir [14].
Polygonaceae familyasina ait olan R. ribes, ¢ok yillik, kalin rizomlara sahip, ¢ift dall1 ve uzun
omiirlii bir bitkidir. Bitkinin list kisitmlar: 150 cm'ye kadar biiyiiyebilir ve ¢igeklenme donemi
Haziran ile Temmuz aylar1 arasindadir; tohumlar1 ise Temmuz'dan Agustos'a kadar olgunlasir.
Bitkinin yapraklar yesil veya kirmizimsi yesil renkte olup, mevsimsel degisikliklere bagl
olarak renk tonlar1 degisebilir [14].

Genellikle yetistirilmeyen bir bitki tiirii oldugu i¢in yabani olarak kabul edilmektedir [15]. Bu
tir, kurak iklimlerin yiiksek rakimlarindaki kayalik topraklarda yetisebilir ve riizgarla
tozlasabilen hermafrodit ¢igeklere sahiptir [16]. Son derece soguk hava kosullarina dayanabilen
bu bitki tiirii, kurak, asidik, killi veya alkali toprak kosullarinda uyumlu bir sekilde biiyiiyebilir
[17].

Yabani ravent, A, B ve C vitaminleri agisindan zengin bir kaynaktir [ 14]. Tiirkiye'de bu bitkinin
yapraklari, ¢igekleri ve kokleri hem ¢ig hem de pismis olarak tiiketilebilmektedir [18]. Ayrica,
bitki yiiksek antioksidan aktiviteye sahip sifali bitkilerden biri olarak yaygin sekilde kabul
edilmektedir [19].

R. ribes'den elde edilen ekstraktlarin antibakteriyel 6zelliklere sahip oldugu belirtilmistir [20,
21]. Tibbi ag¢idan 6nemli bir¢ok etkisi bulunan R. ribes, ayrica C vitamini agisindan oldukga
zengin bir bitkidir. Yapilan arastirmalar, R. ribes'in yiiksek fenolik madde igerigine sahip
oldugunu ve serbest radikalleri baglama kapasitesinin diger bitkilere gore yiiksek oldugunu
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ortaya koymustur. Bu bitkinin giiclii antioksidan 6zellikleri, onu zengin bir gida kaynag1 olarak
etkili bir sekilde tiiketilebilir hale getirmektedir [22].

R. ribes (Polygonaceae), Orta Dogu'daki en Onemli ilag kaynaklarindan biri olarak
degerlendirilmektedir [15]. Bu bitkinin kullanimi, yalnizca bir besin kaynagi olarak degil, ayn1
zamanda cesitli hastalik belirtilerini hafifletmek amaciyla uzun siiredir uygulanmaktadir [23].
R. ribes, yeralt1 kisimlarinda bulunan antrasen tiirevleri nedeniyle farmasétik agidan 6nemli bir
bitkidir [16]. Geleneksel tipta, R. ribes'in kokleri obezite, kizamik, diyabet, hipertansiyon,
balgam soktiiriicii etkiler, iilser, kabizlik, hemoroid, antihelmintik 6zellikler, ishal, yiiksek
kolesterol ve sedef hastaliginin tedavisinde kullanilmaktadir [24].

R. ribes rizomlarinin 6ziitlerinin kolorektal ve prostat kanser hiicre hatlar1 ile 16semik hiicreler
lizerinde in vitro antikanser aktivite gosterdigi belirtilmistir. Ayrica, bu bitkinin gévde ve
yaprak oOziitlerinin antikanser etkileri ¢esitli arastirmalarla dogrulanmistir. Caligsmalar, farkli
kanser hiicre hatti1 modellerinde antiproliferatif etkiler sagladigini gostermistir. Ayrica, bu
Oziitlerin hiicre apoptozunu indiikleyerek sitotoksik etkiler gosterdigi saptanmistir [17, 25].

Apoptoz, genetik olarak diizenlenen, protein sentezi ve enerji gerektiren bir hiicre 6lim tiirtidiir
ve hiicrelerin kendi kendilerini yok etmelerini ifade eder. Apoptoz, genellikle "programlanmig
hiicre 6liimii" olarak da adlandirilmaktadir [26, 27].

Apoptozun belirgin bir isareti, hiicrenin niikleusunda meydana gelen yogunlasma ve
fragmentasyonlardir. Normal hiicrelerde birbirini takip eden kirilmalar onarilabilirken, apoptoz
stirecinde yaklasik 300,000 kadar kirilma olugmakta ve bu nedenle hiicre onarilamaz hale
gelmektedir. Apoptoz, nekroza kiyasla tek bir hiicrede meydana gelir ve hiicre sismek yerine
biiziigiir. Bu durumun temel nedenlerinden biri, Na*, K* ve CI~ iyon kanallarinin kapanmasi ve
hiicre i¢i-dis1 iyon gegislerinin durmasidir. Diger bir neden ise, aktin ve lamininlerin ayrilmasi
sonucu hiicrenin iskelet yapisinin bozulmasidir [26].

Apoptoz yontemlerinde Etidyum Bromiir ve Akridin Oranj boyalar1 kullanilmaktadir. Etidyum
Bromiir, niikleik asitlerle (DNA ve RNA) interkalasyon yaparak floresan bir sinyal iiretir ve
ultraviyole 151k altinda parlak kirmizi-turuncu floresan yayar. Bu 6zellik, Etidyum Bromiir'ii
niikleik asitleri gorsellestirmede etkili bir ara¢ haline getirir [28]. Akridin Oranj ise floresan
ozelliklere sahip bir boyadir ve niikleik asitleri hiicrelerde boyayarak goriiniir hale getirir. Hiicre
kiltirii ¢alismalarinda Akridin Oranj kullanimi, tiim hiicrelerin boyanmasini saglayarak
floresan mikroskop altinda hiicre morfolojisinin detayl bir sekilde incelenmesine olanak tanir
[28].

Bu calismada DU-145 Prostat kanseri hiicre hatti iizerinde R.ribes L. bitkisi ekstratinin
koruyucu ve antikanser 6zelligi apoptoz yontemi ile arastirilmastir.

2. MATERYAL METOD
2.1. Ekstrat Yontemi

Ekstraksiyon 1:10 w/v oraninda hazirlanmistir. Bunun i¢in 100 g bitki tartilip iri kiyim
parcalanmustir. Uzerine 1 L %25°lik Etanol (250 ml. etanol, 750 ml. kaynar su (100 °C) ) eklenip
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mekanik karistirict ile 4 saat agzi kapali bir sekilde karistirildiktan sonra 24 saat oda
sicakliginda agz1 kapali sekilde bekletilmistir. 24 saat sonunda 200 mikron filtre ile kaba
filitrasyon, daha sonra 100 mikron filtre ile ince filitrasyon islemi yapilmis ve ekstraksiyon
islemleri sonucunda R. ribes’in 1 L hidroetanolik ekstrakti elde edilip pH degeri 6l¢iilmiistiir.
R. ribes hidroalkolik ekstrakt i¢erigi: 1 mililitresinde 1.05 g bitki ekstrakti mevcuttur.

2.2. Hiicre Kiiltiirii

Hiicre kiiltiirii islemleri steril laminar hava akimli kabinde ger¢eklestirilmistir. Daha 6nceden -
80 °C sogutucuda dondurulmus olan hiicre hatlar1 alinarak hiicre dondurma soliisyonundan
arindirildiktan sonra uygun besiyeri bulunan hiicre kiiltiir flasklarina ekilmis ve 37 °C’de %5
CO: igeren inkiibatorde kiiltiire edilmistir. DU-145 hiicre hatt1 flasklarda Roswell Park
Memorial Institute Medium, (RPMI 1640, Gibco, ABD) besiyerine %10 fetal sigir serum (FBS,
Gibco, ABD), 1uL pen-strep (Gibco, ABD) eklenerek kiiltiire edilmistir.

2.3. Apoptoz Yontemi

R. ribes ekstratinin DU-145 hiicrelerindeki apoptotik etkisinin belirlenmesi amaciyla, 6
kuyucuklu plakalarm her bir kuyusuna 1x107 hiicre ekildi. Sonraki asamada hiicreler 37 °C ve
%5 CO; iceren inkiibatdrde 24 saat inkiibe edildi. Inkiibasyon sonunda, hiicrelere 48 saat
boyunca farkli konsantrasyonlarda (1pg/mL,10ug/mL, 25ug/mL 50ug/mL) R. ribes ekstrati
uygulandu. Inkiibasyon sonunda, hiicrelere iki kez PBS ile yikama yapildi. Sonrasinda hiicrelere
hazirlanan akridin oranj+etidyum bromiir boyas1 eklenerek karanlikta 30 dk boyunca inkiibe
edildi. Inkiibasyon sonunda hiicreler lam iizerine yayilarak floresan mikroskobunda
goriintiilendi.

Akridin oranj sadece canli hiicrelerin DNA'sina baglandigi icin bu hiicreler yesil renkte
goriiniirken, etidyum bromiir nekrotik hiicrelerde kirmizi bir renk iiretir. Ancak bu iki boya
birlikte kullanildiginda, apoptotik hiicreler sari-turuncu renkte boyanarak karakteristik
apoptotik ¢ekirdek goriinlimiinii ortaya ¢ikarir ve bu sayede apoptozun tespit edilmesine olanak
saglar.
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3. SONUC VE DEGERLENDIRME

Gorsel 1: DU-145 hiicrelerinde 72 saat siireyle artan dozlarda uygulanan R.ribes’in Apoptoz analizi.
(A) kontrol, (B) 1 pg/mL, (C) 10 pg/mL, (D) 25 pg/mL, (E) 50 pg/mL. Apoptozis etkinlik farki 20
ug/mL’den itibaren (p<0,05) istatistiki olarak belirginlik gézlenmistir.

DU-145 hiicrelerinde R. ribes’in apoptotik etkisi incelendiginde; farkli dozlarda (1pg/mL,
10pg/mL, 25ug/mL, 50pug/mL) ve kontrol grubu ile karsilagtirildiginda kanser hiicrelerindeki
toplam apoptotik hiicre oranlarinin istatistiksel olarak anlamli bir sekilde arttig1 ve ECso degeri
20 pg/mL olarak belirlenmistir (p<0,05).

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada, Rheum ribes'nin kok kisimlarindan elde edilen ekstraktin farkli diizeylerde
antikanser etkinlik gosterdigi saptanmustir.

Tibbi bitkilerin antikanser etkilerine dair artan kanitlar mevcuttur. Bu kanitlar kanser hastalari
tarafindan geleneksel olarak kullanilmalarini1 dogrulamaktadir [29, 30, 31].

R. ribes’in anti-kanser etkinligi izerine bazi ¢aligsmalar yapilmistir. Esmaeilbeig vd. nin yaptigi
caligmada R. ribes’in K-562 (Kronik miyelojen 16semi) hiicre hatt1 izerinde antikanser etkinligi
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(IC50: 115 pg/mL) saptanmistir. Ayrica Sardari vd. R. ribes ekstraktint malign melanoma A375
hiicre hatti lizerinde denemis ve ICso: 21,3 pg/mL olarak bulmuslardir. Abudayyak vd. R. ribes
’in hepatoselliiler kanser hiicre hatt1 tizerinde ICso degerini 14.29-31.94 mg/mL olarak
saptamiglardir. Keser vd. ise insan meme kanseri (MCF-7), kolon kanseri (HCT-116), over
kanseri (A2780) ve prostat kanseri (PC-3) hiicre hatlar1 tizerinde sitotoksik etkinligini
saptamiglardir. Bu c¢alismada, R. ribes ekstraktinin DU-145 hiicreleri iizerinde istatistiksel
olarak yiiksek apoptotik etkinlik gosterdigi saptanmistir [25, 32, 33, 34].

Elde edilen sonuglar, R. ribes'nin antikanser etkinligini dogrulamaktadir. Bu bulgular, R.
ribes’in anti-kanser ilaglarinin tiretiminde potansiyel bir kaynak olabilecegini gostermektedir.
Ayrica, bitkinin kok ekstraktinin yiiksek etkinlige sahip oldugu gézlemlenmistir. Bu nedenle,
R. ribes ile ilgili gelecekteki antikanser ¢aligmalarinda bitkinin kok kisminin faydali olacagi
belirlenmistir.
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RHEUM RIBES L. EKSTRATININ ALLIUM CEPA KOK UCU MERISTEM
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OZET

Allium cepa L. (sogan) kdk ucu meristem hiicrelerinin hidrojen peroksit (H202) toksisitesine
karsi Rheum ribes L. (1skin otu) ekstratinin koruyucu etkileri incelenmistir. H2O»,
dezenfektanlardan kozmetik iiriinlere kadar ¢esitli alanlarda kullanilan oksitleyici bir maddedir
ve toksisiteye neden olabilir. R. ribes bitkisi ise, Polygonaceae ailesinden olan ¢ok yillik bir
bitkidir ve birgok biyoaktiviteye sahiptir. Bu bitkinin antidiyabetik etkisi bilinmektedir. R. ribes
ekstrakti, fenolik bilesen profili ve igerdikleri flavonoid yapilar1 sayesinde potansiyel bir
antioksidan kaynagi olarak degerlendirilmektedir. R. ribes, Dogu Anadolu Bolgesi’nde Nisan -
Mayis aylarinda yaygin olarak dogadan toplanarak tiiketilen ve batidaki illere de biiyiik
miktarlarda gonderilen 6nemli bir ticari {iriindiir. Geleneksel tipta ve farmakolojide cesitli
alanlarda kullanilmaktadir. Arastirmada, artan H2O2 dozlar1 ve R. ribes ekstrat1 ile muamele
edilen koklerde olii ve canli hiicreler arasindaki farklar Evans Blue boya ile belirlenmistir.
Stereo mikroskop altinda koklerdeki boya yogunlugu incelenerek hiicrelerin canlilik seviyesi
belirlenmistir. Yiiksek doz H202 uygulanan koklerde belirgin 6lii hiicrelerin tespit edilmesiyle
toksisitenin etkileri gézlemlenmistir. Bu ¢alisma, 1skin otunun toksik maddelere karsi koruyucu
oldugunun ortaya konulmasinda 6nemli olmustur.

Anahtar Kelimeler: Hidrojen peroksit, Iskin Otu, Canlilik Testi
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ABSTRACT

The protective effects of Rheum ribes L. (ragweed) extract against hydrogen peroxide (H202)
toxicity on Allium cepa L. (onion) root tip meristem cells were investigated. H.O; is an
oxidizing agent used in fields ranging from disinfectants to cosmetics and can be toxic. R. ribes
is a perennial plant from the Polygonaceae family known for its various bioactivities. It is
recognized for its antidiabetic effects, and its extracts are considered potential sources of
antioxidants due to their phenolic components and flavonoid structures. R. ribes is
commercially important and extensively harvested from the wild in the Eastern Anatolia Region
in April-May, then distributed to western provinces in large quantities. It is used in traditional
medicine and pharmacology across various fields. In the study, the differences between dead
and living cells in roots treated with increasing doses of H>O, and R. ribes extract were
determined using Evans Blue dye. The viability of cells was assessed by examining the dye
intensity in the roots under a stereo microscope. The toxic effects were observed by identifying
significant numbers of dead cells in roots treated with high doses of H20..

Keywords: Hydrogen peroxide, Rheum ribes L., Viability assay
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Bitkilerin yeralt1 kistmlarinda bulunan antrasen tiirevleri, Rheum tiirlerini tibbi agidan 6énemli
kilmaktadir. Ozellikle Orta Dogu'da yetisen R. ribes (Polygonaceae), énemli ham ilag
kaynaklarindan biri olarak kabul edilmektedir [1].

Iran'da, ravent kokleri oryantal miishil ilaglar1 ve antipsoriatik tedavilerde kullanilmaktadir [2].
R. ribes adl1 bitki, Tiirkiye'nin dogusunda, Iran ve Liibnan'da yetismekte olup, yerel olarak
"1skin", "usgun" veya "ucgun" olarak adlandirilmaktadir. Tiirkiye'de, Polygonaceae familyasi
8 farkli cins ve 70 tiir ile temsil edilmektedir; bu baglamda, R. ribes Tiirkiye'de yetisen tek

Rheum tiiriidiir [3].

pH degeri 3.56 olan bu bitki, eksi bir tat profiline sahip olup, kabuklar1 gévdeden ayrildiktan
sonra tiiketilen yesil renkli bir bitkidir. Geng siirgiinleri ve saplar1 ishale karst koruyucu olarak
kullanilirken, bitkinin gévdesinin bazi boliimlerinden elde edilen su, hemoroid, kizamik, ¢igek
hastalig1 ve safra hastaliklarinin tedavisinde kullanilmaktadir [4].

Iskin otunun taze saplari sebze olarak tiikketilmekte ve gdvdesi de taze olarak yenilmektedir. R.
ribes, Nisan, Mayis ve Haziran aylarinda Dogu Anadolu Bélgesi'nde yetisen, ortalama 150 cm
boyunda bir bitkidir. Govdesi tabandan itibaren yapraklidir ve bilyiik, kirmizimsi renkte ince
tirtiklara sahiptir. Bolge halki, bitkinin gévdesini taze iken dis kabugunu soyup tiiketmektedir.
Hakkari'de u¢kunlu dondurma ve uckunlu kek olarak, Bitlis'te ise tursu olarak kullanilmaktadir.
Ayrica, Tuncelimin bazi bolgelerinde pisirilerek, Erzurum Bolgesi'nde ise sebze olarak
tikketilmektedir [5].

R. ribes, tibbi agidan ilk kez 1939 yilinda incelenmis olup, ardindan 1964, 1985 ve 1990
yillarinda da bilimsel ¢alismalarda kullanilmistir [6].

Yapilan bazi ¢alismalarda R. ribes bitkisinden elde edilen ekstraktlarin antibakteriyel etkisi
vurgulanmaktadir. Tedavi agisindan birgok yararlari oldugu bilinmekte ve 6zellikle C vitamini
acisindan oldukga degerlidir. Yapilan incelemede, R. ribes'in yiiksek fenolik madde igerigine
sahip oldugu ve diger bitkilere gore serbest radikalleri yliksek oranda bagladigi ortaya ¢ikmaistir.
Bu o6zellikleri sayesinde giiclii antioksidan 6zelliklere sahip zengin bir gida kaynagi olarak
degerlendirilmektedir [7].

R. ribes bitkisinde yogun olarak bulunan kimyasal bilesenler, baslica rhein, krizofanol, emodin
ve aloe-emodin olmak iizere antrakinon bilesikleridir [8]. Modern farmakolojik ¢alismalar R.
ribes 'deki emodin ve rhein gibi zengin dogal ekstraktlarin doku fibrozisi 6nleyici varligini
sirdirdigli dogrulanmistir [9]. Emodinin antiviral, antibakteriyel, antialerjik, anti-
osteoporotik, anti-diyabetik, immiinosupresif, ndroprotektif ve hepatoprotektif faaliyetler gibi
genis bir farmakolojik etki yelpazesine sahip oldugu bilinmektedir. Ayrica emodinin miishil
ozelligi kilo kayb1 tesvik etmedeki farkli sicaklik araliklar1 olarak mevcuttur [10].

Simiflandirma

Rheum ribes,
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Alem: Bitkiler (Plantae),
Sube: Kapali tohumlular (Angiosperms),
Siif: iki ¢enekliler (Eudicots),
Familya: Kuzukulagigiller (Polygonoideae),
Cins: Ravent (Rheum)
Tiir: Yayla Muzu (Rheum ribes)
olarak siniflandirilmaktadir.

Iskin otunun geleneksel kullanimlari arasinda, hemoroid, kizamik, c¢icek hastaligi,
gastrointestinal rahatsizliklar ve ishal gibi ¢esitli tedavilerin kalicisinda taze siirglin ve
govdelerin kullanimi yer almaktadir. Ayrica bitki diyabeti, hipertansiyon, obezite ve sindirim
bozukluklar1 gibi bozukluklara kars1 terapdtik aktivite de gostermektedir. Tiirkiye'de yaygin
olarak bulunan bu bitki geng siirgiinlerden yetistirilmektedir. Ozellikle R. ribes'in kokleri ve
stirglinleri yliksek antioksidan aktivite sergilemektedir [11].

H20:, oksitleyici bir maddedir ve genel amacli dezenfektanlarda, kozmetik iiriinlerde, agartma
siiflarinda, dis macunlarinda, kumas leke ¢ikaricilarda, sa¢ boyalarinda ve deterjanlarda
siklikla kullanilir. H20», ayrica asindirict ozellikler gosterir ve oksijen gazinin olusumuna
neden olarak lipit peroksidasyonuna yol acar. Bu nedenle H20O: etkileri lizerine yapilan
arastirmalar son derece onemlidir. Ayrica bu madde bitki zarlarina da zararhidir [12].

H20., farkli kimyasal maddeler ve ambalajlarla kullanimiyla bir¢ok farkli alanda kullanilan ¢ok
yonli bir organiktir. Hidrojen peroksitler, gesitli pargalara iliskin indirgemeler, eklemeler ve
tamamlayicilar gibi kimyasal tepkimelere yol agabilir. H2O2 in ayrigmasi sonucu olusan
bozulma zararlart minimaldir ¢iinkii oksijen ve suya doniisiirler. Bu 6zellikleriyle H2O> birgok
endiistriyel alanda etkili ve giivenilir bir iiretim malzemesi olarak kullanilir [12].

A. cepa gevresel kirleticiler veya kimyasallarin in vitro yapilan ¢alismalarda mitotik indeks,
kok biiyiimesi ve hiicre yasam dongiisiinde olusturabilecegi toksik etkilerin ¢alisiimasinda sik
kullanilan materyaldir. A. cepa ile 1985 tarihinden itibaren ¢ok ¢alisma yapilmistir ve halen test
materyali olarak kullanilmaktadir [13].

Allium testi, cesitli maddelerin sitotoksik ve genotoksik etkilerini belirlemede yaygin olarak
kullanilmaktadir ve ¢evresel toksisite ile kirlilik seviyelerinin hizli bir sekilde tespit edilmesi
icin standart bir prosediir olarak kabul edilir. Bu test, ¢gevredeki belirli sitotoksik, genotoksik
veya mutajenik maddelerin varligin1 gosterebilir ve tiim canlilar i¢in dogrudan veya dolayl
riskleri temsil edebilir. Yiiksek bitkiler, ¢cevresel mutajenik maddelerin izlenmesi ve bilinen
konsantrasyonlarda belirli mutajenlerin zararl etkilerinin arastirilmasi i¢in oldukg¢a uygun test
sistemleridir. Kromozom boyutlar1 nedeniyle yiiksek bitkiler, sitolojik analizler i¢in elveriglidir
ve diger biyo-test sistemleri ile iyi bir korelasyon gosterirler. Toksik etkiler, kok biiytimesinin
azalmasi gibi makroskopik parametreler ve kromozom aberasyonlarinin tiirleri, sikliklar1 ve
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bozulmus hiicre boliinmeleri gibi sitolojik parametrelerin analizi ile degerlendirilebilir [14, 15,
16].

Bazi bitkiler, canli sistemlerdeki kimyasallarin genotoksik etkilerini incelemek i¢in
kullanilmaktadir. Ozellikle A. cepa (sogan), Tradescantia pallida (Mor Telgraf Cigegi) ve Vicia
faba (Bakla) gibi bitkiler, somatik hiicrelerde mitotik indeks ve faz, kromozomal anormallikler
ile mikroniikleus ylizdesini arastirmada yaygin olarak tercih edilmektedir. A. cepa,
genotoksisite deneylerinde siklikla kullanilan bitki materyallerinden biridir, ¢iinkii bu bitki
diger bitki test sistemlerine gére daha hassas ve gilivenilirdir [17, 18, 19, 20, 21].

Evans mavisi boyasi, hiicre zarmin biitiinligiiniin degerlendirilmesi i¢in kullanilan bir
yontemdir. Canli olarak kullanilmis, plazma membranindaki bu boyay1 disariya atabilirken,
hasar gérmiis yerde boyay1 disar1 atamaz ve maviye boyanir. Bu durum, hiicre 6liimiiniin bir
gostergesi olarak kullanilir. Ayrica, membran biitiinliiglinlin bozuldugu hayati olmayan
boyalarla isaretlenen, morfolojik izleme yontemleriyle incelenebilir. Ornegdin, sepsis
durumunda kan-beyin bariyeri gegirgenligi artar ve beyin dokusunda evans mavisi miktarinda
artis gézlemlenebilir [22].

Sitotoksisitenin belirlenmesi i¢in kullanilan Evans mavisi boyama ydntemi, canli olmayan
hiicrelerin iletilme ilkesine dayanmaktadir. Bu yontem, tedavi edilen ve kontrol edilen gruplara
bakimda Evans mavisi ile boyanan boyanin yogunluguna gore hiicre boliinmesinin gorsel

olarak tespit edilmesini saglamak icin sitotoksik ayarlara sahip sekilde kaydedilmesini saglar
[22].

A. cepa'nin tedavi edilen ve kontrol grubu Evans mavisi ile boyanmasi sonucunda kokler
tarafindan emilen Evans mavisinin yogunlugu gorsellestirilmistir. Bu durum, hiicre 6liimiin
esitligi saglanana kadar devam eder ve bu siirecteki degisimlerin canlilik dagilimi belirlenir
[23].

Bu galismada A. cepa kok ucu meristem hiicreleri tizerinde R. ribes ekstratinin koruyucu etkileri
ve HxO; kimyasalinin toksik etkisi tizerine ¢alisilmigtir.

2. MATERYAL METOD

Koklenmeye birakilan A. cepa bitkisi kok uclari belirli bir uzunluga geldikten sonra 5 gruba
ayrilarak (1. Grup: Konrol grubu, 2. grup 10 uM H20> +R. ribes ekstrati, 3. grup 25 uM H20>
+R. ribes ekstrat1, 4. grup 50 uM H20z +R.ribes ekstrat1, 5. grup 100 uM H2O2 +R.ribes ekstrati)
72 saat boyunca belirtilen maddelere maruz birakildi. 72 saat sonunda kok ucu meristem
hiicrelerinden 2’ser cm kesilerek %.25 (w/v) Evans Blue boyasinin sulu ¢dzeltisine 15 dakika
maruz birakildi ve ardindan iki kez musluk suyu ile yikama islemi yapildi. Bu islem sonucunda
hiicrelerin 6lii olmas1 durumunda Evans Blue boyasini1 absorbe etmesiyle renk degisimleri
meydana gelir. Daha sonra bu renk degisimleri stereo mikroskop altinda goriintiilenmistir.

3. SONUCLAR VE DEGERLENDIRME
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Gorsel 1: Farkli konsantrasyonlarda H.O.+ R. ribes ekstrati’na maruz birakilan A. cepa koklerinin
histokimyasal boyama ile canliligin gosterilmesi. (A) kontrol, (B) 10 uM, (C) 25 uM, (D) 50 uM, (E)
100 uM.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bir¢ok ¢aligmada standart bir test yontemi olarak kabul edilen A. cepa bitkisi, sitotoksisite ve
genotoksisite testlerinde etkili sonuglar vermektedir. Bu bitki, hizli ve giivenilir bir test sistemi
olmasinin yani sira, diger test sistemleriyle yiiksek korelasyon gostermektedir. Caligmamizda,
doz uygulama siirelerinin 24, 48 ve 72 saat olarak belirlenmesinin nedeni, A. cepa'nin hiicre
dongiisiinii tamamlamasinin 24 saat siirmesidir. Bu calismada, A. cepa kok ucu meristem
hiicreleri iizerinde R. ribes ekstratinin koruyucu etkileri ve H2O> kimyasalinin toksik etkisi
tizerinde degerlendirilmistir.

R. ribes ekstrakti, sogan kok ucu hiicrelerinde H20- tarafindan olusturulan hiicre kaybini etkili
bir sekilde smirlamistir. Mevcut testten elde edilen sonuglara gore, R. ribes belirli
konsantrasyonlarda H20O. tarafindan indiikklenen kromozomal anormalliklere karsi
antimutajenik ve antigenotoksik ozellikler gostermektedir. Bu kimyasalin giinliik hayatta
siklikla kullanildig1 g6z 6niine alindiginda, kullanimi sirasinda dikkatli olunmasi gerekmektedir
[24].
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Bhagyanathan ve Thoppil (2016), A. cepa kok ucu hiicrelerinin canlilik kapasitesini belirlemek
icin Cynanchum sarcomedium bitkisini kullanmistir [25]. Canli olmayan hiicreler canli olan
hiicrelere gore farkli tonlarda boyanmaistir. Evans Blue ile boyama teknigine gore sonuglar elde
edilmistir. Bu ¢alismada A. cepa kok ucu meristem hiicreleri tizerinde H2O2‘nin artan dozlari
uygulanarak toksik etkileri ortaya konulmustur. Bu etkilere karsi olarak da R. ribes ekstrati
farkli dozlarda A. cepa iizerine denenmis ve sonug olarak ECso degeri 25 uM olarak tespit
edilmistir. Koklerdeki boyanma seviyeleri, 72 saatlik doz uygulamasi sonucunda artan
dozlarinda istatiksel olarak artmistir

Bu calisma sonuglari, R. ribes, kok ekstraktinin igerik analizi yapildiginda, bu ekstraktin
genotoksik ve sitotoksik etki mekanizmalari ile ilgili ¢alismalara 1s1k tutacaktir.
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Abstract

Carbohydrates, which are abundant in nature, are one of the macromolecules of great
importance for life. It consists of four main groups according to the sugars, which would be
monosaccharides, disaccharides, trisaccharides and polysaccharides. Polysaccharides are
renewable and biocompatible polymers and can be synthesized by different kind of organisms.
The most important sources of polysaccharides are plants, animals and microorganisms.
However, microorganisms are preferred in the production of polysaccharides compared to
plants and animals for many reasons such as their rapid growth, easier control of culture
conditions, ability to grow on cheap substrates and easier product extraction. Some of the
microbial exopolysaccharides which are commercially produced and have great functional
importance are cellulose, levan, pullulan, xanthan, gellan, alginate and hyaluronic acid.
Microbial exopolysaccharides are considered to be environmentally friendly molecules because
they are renewable, biocompatible and biodegradable in nature. Due to these advantageous
aspects, microbial exopolysaccharides finds several applications in a wide variety of industries
from food to cosmetics as a stabilizer, emulsifier, viscosifier, gelling agent, water binder and
encapsulation agent. The current study provides an overview on the properties of microbial
exopolysaccharides and their applications.

Keywords: Macromolecules, Exopolysaccharides, Structure, Application
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INTRODUCTION
Carbohydrates

Macromolecules are defined as large molecules such as carbohydrates, proteins and fats, which
would be mostly formed by the polymerization of smaller subunits (monomers). Polymers are
divided into organic and inorganic polymers. Organic macromolecules are lipids, proteins,
nucleic acids and carbohydrates, while inorganic polymers are carbon nanotubes and graphene.
Carbohydrates would be one of the four main macromolecule classes (carbohydrate, lipid,
nucleic acid and protein) and have a substantial place in biological systems. They are accepted
to be the most basic component of organisms and play crucial roles in many important
physiological and pathogenic processes such as cell surface recognition, signal transduction and
tumor metastasis. Carbohydrates are indicated chemically with the formula Cn(H,0O)» and are
divided into four groups: monosaccharides, disaccharides, trisaccharides and polysaccharides

).

Simple sugars called monosaccharides are the building blocks of carbohydrate polymers.
Carbohydrates consist of both linear and branched combinations of various naturally occurring
monosaccharides unlike RNA, DNA, and proteins which are linear polymers. Glycosidic bonds
in the polysaccharide structure are supposed to be hydrolszed in order to form monosaccharide
units. The most nutritionally important and abundant monosaccharide is glucose, which is used
as the main cell fuel in the organisms. Glucose and fructose are the most plenteous
monosaccharides in nature as well as glucose is the building block of many polysaccharides

2).

Disaccharides consist of two monosaccharide units linked together by glycosidic bonds in the
orientation of a or B. The most commonly found are sucrose, lactose and maltose. Sucrose is
the most abundant disaccharide, consisting of a molecule of a-glucose and B-fructose linked
together. Lactose comprises galactose and glucose linked by B-1,4-glycosidic bonds and is
found in milk and dairy products. Maltose is produced mainly by partial hydrolysis of starch
and consists of two glucose units connected by an a-1,4-glycosidic bond (3).

Trisaccharides are generally found in higher plants and consist of three monosaccharides
combined with glycosidic bonds. The most well-known example is raffinose, which is a
trisaccharide formed by combining galactose, glucose and fructose with glycosidic bonds (4).

Polysaccharides are macromolecules formed as a result of long-chain monosaccharide units
linked by glycosidic bonds. A wide variety of living groups play a role in the production of
polysaccharides. For this reason, the polysaccharides produced also vary structurally. In
conventioal applications, the primary sources of polysaccharides are plants and animals, algae,
fungi and bacteria are also among these sources (5). Depending on the type of monosaccharides,
polysaccharides are divided into two classes: homopolysaccharides and heteropolysaccharides.
Exopolysaccharides formed by the combination of a single type of monosaccharide are called
homopolysaccharides (cellulose, starch and glycogen) while polysaccharides containing
different types of monosaccharides or their derivatives (heparin, hyaluronic acid and gamma
globulin) are called heteropolysaccharides (6).
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Microbial Exopolysaccharides (EPS)

Another significant natural source from which polysaccharides are obtained is a group of
microorganisms. Microorganisms are capable of producing structurally diverse and biologically
active (antimicrobial, antioxidant, antitumor and immunomodulatory) polysaccharides.
Polysaccharides produced by microorganisms are divided into three main groups according to
their location in the cell which would be cytosolic polysaccharides providing carbon and energy
sources to the cell, polysaccharides forming the cell wall, which include peptidoglycans and
lipopolysaccharides, and polysaccharides, known as EPSs, released into the extracellular
environment in the form of capsules or biofilms. EPSs mainly contain carbohydrates and
proteins, as well as DNA and other polymeric compounds. The reason why the content of EPS
produced by microorganisms is different is due to the metabolism and production conditions of
the producer genus or species. Microbial polysaccharides are divided into two groups,
homopolysaccharides and heteropolysaccharides, according to the sugar groups they contain.
Examples of EPS in homopolysaccharide structure are cellulose, levan, pullulan glucan, mutan,
dextran and kurdlan while gellan, xanthan, diutan and welan are known microbial
heteropolysaccharides (7, 8).

EPS, which is generally synthesized by plants, has been produced by microorganisms in recent
years and is used in numerous industries such as food, agriculture, pharmacy and water
treatment. The main reason for the increasing interest in microbial EPS is the synthesizing of
products in a shorter amount of time. Microorganisms do not have the disadvantages such as
long-lasting growing times and requiring professional care. For example, cellulose is produced
in both plants and bacteria. However, in plants, production rate is slow (3 to 6 months), arable
lands are limited, production is affected by seasonal conditions and would not be sustainable
and economical. These drawbacks make bacteria superior in the production of EPS. The reason
why bacteria are preferred in EPS production is that they grow rapidly, are easy to genetically
manipulate, are suitable for many industrial and medical applications, synthesize
polysaccharides more cost-effectively with various biological activities (9).

Biosynthesis of Microbial EPS

Microorganisms produce EPS through various biosynthesis pathways. EPS can be produced
mainly through four pathways, which are (1) extracellular synthesis pathway, (2) ATP-binding
cassette (ABC) carrier-dependent pathway, (3) synthase-dependent pathway and (4) Wzx/Wzy-
dependent pathway. The precursor molecule required for polymers to extend is produced
through various enzymatic reactions within the cell, and the same pathway is followed in all
different biosynthesis pathways. In extracellular production, it is extended by the direct addition
of monosaccharides obtained by cleavage of disaccharides or trisaccharides (10).

Types of Microbial EPS
Levan

Levan is a fructose homopolymer obtained naturally from both plants and microorganisms. The
molecular weight varies depending on whether it is obtained from plants or microorganisms.
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While bacterial levans are highly branched and have molecular weights between 2 and 100
million Da, the molecular weights of levan obtained from plants vary between approximately
2000 and 33,000 Da. In addition to its general properties such as biocompatibility,
biodegradability, flexibility, renewability and environmental friendliness, it also offers certain
substantial biomedical properties such as antioxidant, anti-carcinogenic, anti-inflammatory,
hyperglycemic inhibitor and anti-AIDS. Microbial levan have a wide application area in the
food, cosmetics, pharmaceutical and industrial sectors. With its excellent polymeric medicinal
properties and ease of production, microbial levan is considered as a valuable and versatile
biopolymer. Levan-producing microorganisms are documented to be Zymomonas mobilis,
Bacillus subtilis, Arthrobacter ureafaciens, Gluconacetobacter diazotrophicus and
Pseudomonas fluorescens (11)

Cellulose

Cellulose, one of the most common polysaccharides, consists of D-glucose chains linked by 53-
1,4 glycosidic bonds and serves as a structural component of the cell wall of plants. Although
cellulose can be isolated or produced from different sources, plant and bacterial species are
known as the main sources of cellulose. The cellulose content in plant species varies depending
on environmental conditions, and purification processes are required for the extraction of the
plant cellulose complex due to the hemicellulose and lignin content. In addition, plant cellulose
production causes various environmental problems such as air pollution, depletion of forest
reserves, water and soil pollution due to complex purification processes and energy
consumption. On the other hand, bacterial cellulose production is considered one of the most
sustainable methods. It is being extensively researched to meet environmental and industrial
requirements (12).

Bacterial cellulose production was first achieved from Acetobacter xylinum in 1886. Bacterial
cellulose can be produced by various types of bacteria, including the genera Gluconacetobacter
(Acetobacter), Agrobacterium, Aerobacter, Achromobacter, Azotobacter, and Rhizobium.
Gluconacetobacter (Acetobacter) species, as well as other bacterial genera, are the more
preferred microorganisms in bacterial cellulose production due to their high productivity.
Among the species of this genus, Komagataeibacter xylinus strains are known as the most
efficient cellulose-producing isolates and are accepted as model organisms in bacterial cellulose
production processes (13).

Pullulan

Pullulan is an exopolysaccharide with a white or yellowish-white color, produced by various
microorganisms. Pullulan is synthesized intracellularly and secreted to the cell surface to form
a loose and slimy layer. Pullulan production was first carried out by Aeurobasidium pullulans
in 1958. This microorganism is known as the main pullulan producer and has been isolated
from various sources such as the sea, rock surfaces, plant leaves and wooden floors. In addition
to A. pullulans, other microbial strains of Cyttaria darwinii, Tremella mesenterica,
Rhodosporidium paludigenum, Cyttaria harrioti, Cyphonectria parasictica, Teleoschistes
flavicans and Rhodotorula bacarum are reported to be pullulan producer (14).
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Gellan

Gellan is a polysaccharide obtained from plant tissues, seeds, seaweeds and microorganisms.
Its was first discovered in studies conducted by Sphingomonas elodea. It exists in two forms:
high acyl (HA) and low acyl (LA). Gellan, which has a white color, is water-soluble and is
frequently preferred especially in the food industry thanks to its superior rheological properties.
It is a good alternative compared to other gelling agents in application areas. The reason for this
is that it is effective even in small amounts and forms a clear gel which is not sensitive to heat.
In the food industry, it is used in beverages, confectionery, sauces and packaged foods. In
addition, gellan is also used in medicine, pharmaceutical, biomedical and agricultural
applications (15).

Xanthan

Xanthan is defined as a long-chain polysaccharide which is soluble in water and can be
extracted from land or sea plants or produced by different microorganisms. Xanthan is a
heteropolysaccharide composed of mannose, glucuronic acid and glucose units. The first
discovery of xanthan was in the 1950s when it was produced by Xanthomonas campestris. It
was produced from different carbon sources such as sugar cane, whey and sucrose. Xanthan
has a high molecular weight ranging from 500-2000 kDa, depending on the producer type. The
main advantages of this exopolysaccharide are that it is environmentally friendly and non-toxic,
shows high viscosity even at low concentrations, maintains its stability in a wide pH range, high
temperature and salt concentration (16).

Hyaluronic Acid

Polymers based on natural polysaccharides and their derivatives are crucial in the development
of new generation medical materials and drug delivery systems. The polymers most commonly
found in vertebrate tissues and responsible for many vital activities are glycosaminoglycan and
hyaluronic acid (HA). HA is a linear glycosaminoglycan composed of repeating N-acetyl-d-
glucosamine and d-glucuronic acid units, in which the monosaccharide units are linked together
via alternating -1,3 and B-1,4 glycosidic bonds. HA, firstly obtained from animal tissues, is
currently produced from microbial sources using recombinant technologies. It is widely found
in the extracellular matrix of epithelial, neural and connective tissues of vertebrates and has a
physiologically important role. HA is frequently used in regenerative medicine, especially in
eye surgery, spot treatment, drug delivery, tissue engineering, osteoarthritis treatment and
wound healing. HA producing microorganisms are documented to be Pasteurella multocida,
Streptococcus zooepidemicus, Lactococcus lactis, Enterococcus faecalis and Corynebacterium
glutamicum (17).

Alginate

Alginate is a naturally occurring heteropolysaccharide typically obtained from brown seaweed.
Structurally, it consists of glucuronic acid and mannuronic acid and is preferred in many
applications due to its features such as biocompatibility, low cost and toxicity. Alginate
hydrogels have been of particular interest in applications of drug delivery, tissue engineering,
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wound healing and cell transplantation. These gels are structurally similar to extracellular
matrices in tissues and can be manipulated to play a variety of critical roles. In addition to these
applications, it is also frequently used in the food, textile, paper and cosmetic industries as a
thickener, stabilizer and gelling agent. Alginate is produced by bacteria belonging Azotobacter
and Pseudomonas genus in addition to extracting from brown algae such as Ascophyllum
nodosum, Laminaria hyperborea, Laminaria japonica, Laminaria digitata and Macrocystis
pyrifera (18).

CONCLUSION

Microbial exopolysaccharides (EPS) have several advantages over other polysaccharides due
to their physicochemical properties. Microbial EPS possess numerous pharmacological and
industrial applications. They are biocompatible, nontoxic, biodegradable and thermally stable
molecules. The current study indicates that microbial EPS can be considered to be promising
alternatives to chemicals in various industrial and biotechnological applications. Considering
their properties and extensive fields of application, development and application of microbial
polysaccharides will continue to be critical research field in the upcoming years.
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OZET

Tibbi bitkiler insan beslenmesi ve saglig1 bakimindan énemli bir yere sahiptir. Bu bitkiler gida
amagch kullaniminin yani sira, sifasi bilinen ve bircok hastaligin tedavisinde kullanilmaktadir.
Bu calismanin amaci, Hatay ilinde bireylerin tibbi bitkiler ve kullanimina iliskin diisiincelerini
ortaya koymaktir. Arastirmanin ana materyali, Hatay ilinde 2022 yilinda 414 kisi ile yiiz-ylize
anket caligmasi yapilarak elde edilmistir. Arastirmada, bireylerin demografik bilgilerinin yani
sira, tibbi bitki bilgisi ve kullanimi, tibbi bitki kullanimina iliskin bilgi kaynaklari, bitkilerin
toplanma zamani ve muhafazasina iligkin bireylerin diisiinceleri incelenmistir. Arastirmaya
katilan bireylerin yaklasik 2/3°1 tibbi bitki kavramini bilmektedir. Bireyler tibbi bitkileri
genellikle aktarlardan aldigini bildirirken; internetten, marketten satin alan ve hatta kendi {ireten
ve dogadan toplayanlarin oldugu belirlenmistir. Ayrica, bireyler baharat, ¢ay, kozmetik, siis
bitkisi olarak bu tibbi bitkileri yetistirdigini ve tedavi amaciyla; cilt hastaliklari, grip-soguk
alginhigy, kirik-¢ikik tedavisinde ve agri kesici olarak kullandigini belirtmistir. Hatay ilinin tibbi
bitkiler acisindan zengin olmasi tibbi bitkilerin faydalarina ve kullanimina iliskin yayim
faaliyetlerini zorunlu kilmaktadir. Ayrica bu bitkilerin bilingli tiiketimine iligkin bilimsel
toplantilar artirilmali, egitim ve seminer gibi faaliyetler diizenlenerek tiiketiciler
bilgilendirilmelidir.

Anahtar Kelimeler: Tibbi bitki, saglik, tiiketici diigsiinceleri, Hatay.
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KNOWLEDGE AND VIEWS OF INDIVIDUALS ON THE USE OF MEDICINAL
PLANTS; THE CASE OF HATAY

ABSTRACT

Medicinal plants have an important place in human nutrition and health. Besides being used for
food, these plants are known to heal and are used in the treatment of many diseases. The aim of
this study is to reveal the opinions of individuals in Hatay province about medicinal plants and
their use. In 2022, the main material of the research was obtained by conducting a face-to-face
survey with 414 people in Hatay province. In the study, besides the demographic information
of the individuals, the knowledge and use of medicinal plants, sources of knowledge on the use
of medicinal plants, individuals' views on the collection time, and preservation of plants were
examined. Approximately 2/3 of the individuals participating in the research know the concept
of medicinal plants. While individuals reported that they usually buy medicinal plants from
herbalists, it was determined that there were also individuals who bought medicinal plants from
the internet, markets, and even those who produced and collected them from nature.
Additionally, individuals reported growing these medicinal plants as spices, tea, cosmetics and
ornamental plants. Moreover, it was reported that medicinal plants were used to treat skin
diseases, flu and colds, fractures and dislocations and as painkillers. The fact that Hatay
province is rich in medicinal plants necessitates extension activities on the benefits and use of
medicinal plants. Also, scientific meetings on the conscious consumption of these plants should
be increased and consumers should be informed by organizing activities such as trainings and
seminars.

Keywords: Medicinal plants, health, consumer views, Hatay.

1. GIRIS

Tibbi ve aromatik bitkiler, kiiresel piyasalarda giderek 6nemi artan faydali bitkiler arasindadir
(Yiizbasioglu ve Kiziloglu, 2019). Insan saghgini korunmasi ve tedavisinde, ilag ve gida
sanayide kullanilan tibbi bitkiler son yillarda oldukc¢a dikkat cekmektedir. Hastaliklar1 6nlemek,
saglikli yasam veya hastaliklari iyilestirmek i¢in geleneksel ve modern tipta ilag olarak tibbi ve
aromatik bitkiler biiyiik kullanim alanina sahiptir. Ayrica gida, kozmetik, bakim, tiitsii ve dini
toren gibi alanlarda da kullanilabilmektedir (Lubbe ve Verpoorte, 2011; Tuluk¢u ve Sagdig,
2011; Faydaoglu ve Siiriiciioglu, 2011; Arslan ve ark., 2015). Ayrica; besin takviyeleri, bitkisel
cay, tat, cesni, parfiim, viicut bakimina iliskin iiriinler olarak kullaniminin yan1 sira, parlatici
hatta bocek ilaclar olarak sanayinin farkli kollarinda degerlendirilmektedir (Anonim, 2012).
Son yillarda yasanan kiiresellesme, kentlesme, degisen yasam kosullart ve beslenme
aligkanlarmin farklilagsmasi ile birlikte ortaya ¢ikan yetersiz ve dengesiz beslenme sonucu
tiiketicilerin takviye edici gidalara yonelimini artirmis olup tibbi ve aromatik bitkilerin; tip ve
eczacilik, fonksiyonel gida bileseni ve takviye edici gida olarak kullanimlar1 6nem tasimaktadir
(Temel ve ark., 2018; Arslan ve ark., 2021).
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Tiirkiye kosullarinda dogal olarak yetisen ve kiiresel ekonomide 6nemli bir yeri olan tibbi ve
aromatik bitkiler, genellikle halk hekimliginde kullanilmakta olup Tiirkiye’de daha ¢ok
dogadan toplanmaktadir (Can, 2021). Gerek Tiirkiye'nin ve gerekse de Hatay ilinin, hem
endemik hem de biyolojik ¢esitlilik ve tiretim potansiyeli bakimindan olduk¢a onemli bir
tarimsal potansiyeli bulunmaktadir (Cankaya, 2015; Mert ve Dagistan, 2016). Kiiresel pazarda
bu bitkilerin katma degerli {iriinlere doniistiiriilmesi ile bu alanin énemi giderek artmaktadir
(Bakkali ve ark., 2008).

Tibbi bitkilerinin diinyanin her yerinde ytlizyillardir hem yoresel mutfaklarda hem de saglikta
kullanilmaktadir (Kaya ve ark., 2017). Glinlimiizde Anadolu insani, modern tibbin tani ve
tedavisinin uygulanmasinda baharatcilar veya aktar olarak nitelendirilen ticarethanelere
basvurmaktadir (Kogtiirk ve ark., 2009; Ac¢ikgoz ve ark., 2012; Altay ve ark., 2015). Baharat
kiiltiiriimiiziin merkezi konumunda olan Hatay ili, ¢ok sayida aktar ve baharat¢iya ev sahipligi
yapmaktadir. Tibbi ve aromatik bitkilerin farkli kullanim sekilleri ile ayn1 bitkiler tedavi, gida,
baharat ve kozmetik gibi farkli amagcla tercih edilebilmektedir. Kusburnu bitkisi tedavi amaclh
daha cok kullanilirken; gida amagli, baharat, kozmetik alanlarinda da degerlendirilmektedir.
Aktarlardan elde edilen bulgulara gore ogul otu, mercan kosk, zerdagal daha ¢ok tedavi amagl
kullanilirken; yaban mersini, bogiirtlen, reyhan insan beslenmesinde kullanilmaktadir. Defne,
¢orek otu daha ¢ok baharat olarak kullanilirken; avakado yapragi, karacali ve rezene ise
kozmetik sektoriinde yer edinmektedir (Asil ve Tasgin, 2018).

Bu calismanin amaci, Hatay ilinde bireylerin tibbi bitkiler ve kullanimina iliskin diisiincelerini
ortaya koymaktir. Son yillarda hem diinya hem Tiirkiye’de tibbi ve aromatik bitkilere olan
talebin artmasiyla, bu tiir ¢alismalara ihtiya¢ duyuldugu goriilmektedir. Hatay ilinde de tibbi
bitkilerin satis yerine iligkin arastirma yapilmis, ancak tiiketici bazinda yapilmis bir caligmaya
rastlanilmamastir.

2. MATERYAL VE YONTEM

Tiirkiye’de, Akdeniz Bolgesi’nin en dogusunda ve Suriye sinirinda yer alan Hatay, 2023 yili
itibariyle 1.544.640 kisiden olusan bir niifusa sahiptir (Anonim, 2024). Ayrica bu il, flora ve
vejetasyon donemi bakimindan ¢ok zengindir. Hatay’da dogal olarak yetisen yaklasik 2000
civarinda bitki tiirli olup, bunlardan 250-300 tanesi endemik tiirdiir. Bu endemik bitki
tiirlerinden bir kismi da Tiirkiye’de sadece Hatay’da dogal olarak yetisme olanagina sahiptir.
Hatay florasinda yer alan bitki tiirlerinden 550 tanesi ise tibbi aromatik bitki ozelligi
tasimaktadir (Ilgim 2014).

Ornek biiyiikliigii, Hatay ilindeki bireyler arasindan ana kitle oranlarina dayali basit tesadiifi
olasilik drnekleme yoluyla belirlenen 414 kisiden (n=414) olusmaktadir. Calismanin ana
materyalini olusturan bu veriler 2022 yilinda bireyler ile yliz-ylize goriisiilerek anket
caligmasiyla toplanmistir. Anket uygulanacak bireyler Hatay ilinde ikamet eden bireyler
arasindan tesadiifi olarak secilmistir.

Bu calismanin 6rneklem biiyiikliigii basit rastgele olasilikli 6rnekleme ydntemine gore
hesaplanmis olup; 6rneklem sayis1 %95 giiven sinir1 ve ortalama %35 hata ile toplam 384 olarak
belirlenmistir. Arastirmada kullanilan yontemin formiilii asagidaki gosterildigi gibidir
(Yamane, 2001):
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n= z2(pxq) (1)

Formiile gore;

n: Ornek biiyiikliigii

z: 1.96 (%95 giiven diizeyindeki z degeri)

p: Olasilik

q: (1-p) Ilgili 6zellige sahip olmayan ana kitle orani
d: Kabul edilen hata (%5 olarak kabul edilmistir.)

n = 1.962 (%) =384 olarak hesaplanmis ve toplam 414 kisi ile anket g¢alismasi

yuritilmistir.

Arastirmada, Hatay ilinde bireylerin tibbi bitki tiikketimi ve bilgisi, tibbi bitki kullanimina iliskin
yararlandig1 bilgi kaynaklari, tibbi bitkilerin toplanma zamani1 ve muhafazasina iliskin sorular
ile bireylerin tibbi bitkiler hakkindaki diisiincelerini belirlemeye yonelik degerlendirme
yapilmistir. Bireylerin tibbi bitki kullaniminda yararlandig1 bilgi kaynaklari ve tibbi bitki
kullanimina iligkin diisiinceleri 5’1i Likert dlgek kullanilarak belirlenmistir. Bu kapsamda
Olcegin glivenilirligi Cronbach’s alpha katsayisi ile test edilmistir.

3. BULGULAR

Hatay ilinde arastirmaya katilan bireylerin yas ortalamasi 34, ortalama geliri aylik 10 507.22 b,
ailedeki birey sayis1 ortalamasi ise 4.51 kisi olarak belirlenmistir. Arastirmaya katilan bireylerin
cinsiyete gore kadin ve erkek sayist dagilimi neredeyse esittir. Ayrica bireylerin yarisindan
fazlas1 (%53.2) calisan, 4/5’1 (%80) bilgisayar kullanabildigini belirtmistir. Bireylerin
yarisindan fazlasinin liniversite ve iizeri egitim diizeyine sahip, yaklagik %4’ iiniin (%73.6)
sosyal giivencesinin oldugu ve neredeyse %20’sinin kronik rahatsizligmin oldugu tespit
edilmistir.

Arastirmaya katilan bireylerin %68.6’s1 tibbi bitkinin ne oldugunu ve arastirmaya katilan
bireylerin %29.7’si tibbi bitki yetistirdigini belirtmistir. Hatay ilinde bireyler; adagay1, kekik,
biberiye, kusburnu, aloe vera, lavanta, nane, feslegen, defne, kantaron, ¢orekotu, sarimsak,
dereotu, limon, melisa, maydonoz, rezene ve safran gibi bitkileri yetistirdigi bildirmistir.
Bireyler baharat, ¢ay, kozmetik, siis bitkisi olarak bu bitkileri yetistirdigini; bireylerin %22.1°1
tedavi amagli kocakar1 ilac1 yaptigim1 ve cilt hastaliklari, grip-soguk alginligi, kirik-¢ikik
tedavisinde ve agn kesici olarak kullandigini belirtmistir. Bireylerin tibbi bitkiler konusunda
kendi bilgi diizeyine 10 puan iizerinden ortalama 4.78 puan (St. sapma: 2.510) verdigi tespit
edilmistir. Ancak arastirmaya katilan bireylerin, bolgenizdeki tibbi bitki farkindaligina yonelik
diisiincesine bakildiginda; bireylerin  %6.7’s1 “cok yetersiz”, %35.6’s1 “yetersiz”, %21.4’1
“karasi1z”, %18.7’s1 “yeterli”, %8.5’1 “cok yeterli” ve %9.2’si “fikrim yok” olarak bildirmistir.
Ayrica bireylerin %73.2’si, tibbi bitkileri ilag, tedavi vb. amaglarla tiikettigini; bireylerin %11°1
giinliik, %30’u haftada birka¢ kez 9%25.5°1 ayda birka¢ kez, %9.4’1 ayda bir, %16.4’1 yilda
birkag¢ kez ve %7.6s1 yilda bir tibbi bitki tiikettigini belirtmistir (Cizelge 1).
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Cizelge 1. Bireylerin tibbi bitki bilgisi ve tiiketimi

Degisken Kategori Frekans %
e . . Evet 258 68.6
T1bbi bitkinin anlamini bilmesi Hayir 118 314
e Evet 113 29.7
Tibbi bitki yetistirme durumu Hayir 267 703
. . Evet 58 22.1
Tedavi amacl kocakari ilact yapimi Hayir 205 779
Cok yetersiz 27 6.7

Yetersiz 143 35.6

R . Kararsizim 86 21.4
T1bbi bitki farkindaligt Yeterli 75 18.7
Cok yeterli 34 8.5

Fikrim yok 37 9.2

Tibbi bitkilerin ilag, tedavi vb. amaglarla Evet 267 73.2
tilketimi Hayir 98 26.8
Giinlik 37 11.2

Haftada birkag kez 99 30.0

et o Ayda birkag kez 84 25.5
T1bbi bitki tiiketim siklig1 Ayda bir 31 9.4
Yilda birkag kez 54 16.4

Yilda bir 25 7.6

Hatay ilinde arastirmaya katilan bireylere, tibbi bitki denildiginde ilk akla gelen bitkiler defne,
zeytin, nane, adacayi, rezene ve kimyon olmustur. Tibbi bitki kullanimini artirmak ve
gelistirmek i¢in bilgi edinilen kaynaklarin 6nem diizeyine gore; tiniversiteler/bilimsel arastirma
yapan enstitiiller (3.96+1.233), eczane (3.90+1.181), tecriibeli kullanicilar (3.62+1.161),
internet (3.5141.227) ve aktarlar (3.36+1.213) olarak siralanmistir. Bireylerin bilgi edindigi
diger kaynaklarin onem diizeyi Cizelge 2’de verilmistir. Ayrica bireylerin kullandigi bilgi
kaynaklarinin 6nem diizeyine iliskin Olge§in oldukca gilivenilir oldugu belirlenmistir
(Cronbach's alpha: 0.822).

Cizelge 2. Bireylerin kullandig bilgi kaynaklari (n=285)

Bilgi Kaynaklari Ortalama  SS Medyan Cr(;?gsgh S
Universiteler/Bilimsel ¢alismalar yapan enstitiiler 3.96 1.233 4.00

Eczane 3.90 1181 4.00

Tecriibeli kullanicilar 3.62 1.161 4.00

Internet 3.51 1.227 4.00

Aktarlar 336 1213 3.00 0.822
STK, ajanslar vs. gibi yapilanmalarin egitim programlari 3.28 1.271 3.00 '
Basili materyaller (gazete, dergi vs.) 3.23 1.254 3.00
Aile/Komsu/akraba/arkadas 3.05 1.175 3.00

Radyo, TV 3.01 1.178 3.00

Kendi bilgilerim 295 1330 3.00

Olgek: 1=Hig¢ 6nemli degil, 2=Az 6nemli, 3=Orta, 4=Onemli, 5= Cok 6nemli; SS: Standart sapma

Bireyler tibbi bitkileri genellikle aktarlardan aldigini bildirirken; internetten, marketten satin
alan ve hatta kendi iireten ve toplayanlarin oldugu belirlenmistir. Ayrica bireylerin %40.8’1
tibbi bitkilerin dogru toplanma zamanini bildigini, %43.7’si dogru zamanda toplandigini, dogru
yontemlerle kurutulup saklandigini, %52.4’1i tibbi bitkilerin hangi kisimlarin1 toplayip
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kullanabilecegini belirtmistir. Tibbi bitkiler kurutulmus olsa da bireylerin %80.8’1 tiiketim
tarihinin 6nemli oldugunu ve bu tarihe dikkat edilmesi gerektigini vurgulamistir. Ayrica
bireylerin %42.5’1 tibbi bitkilerin dolapta muhafaza edilmesi gerektigini, %43.1°1 oda
sicakliginda, %5.7’si1 plastik posette ve %8.8’1 ise bitkiye ve kullanim sekline gore degisecegini
bildirmistir. Bireylerin bilyliik ¢ogunlugu (%87) tibbi bitkilerin herhangi bir yan etkisiyle
karsilagsmadigi, bireylerin yarisindan fazlasi tibbi bitki kullanimina iliskin dozu/6l¢iiyii bildigini
ve kullanmadan 6nce birine danistigini (%67.4) belirtmistir (Cizelge 3).

Cizelge 3. Tibbi bitki toplama ve kullanimina iligkin bilgiler

Degisken Kategori Frekans %
Tibbi bitkilerin toplanma zamanini Evet 158 40.8
hakkinda bilginiz Hayir 229 59.2
Bitkilerin toplama zamani ve kurutma- Evet 152 43.7
muhafaza kosullarinin uygunlugu Hayir 196 56.3
Tibbi bitkilerin hangi kistmlarinin Evet 189 524
toplanacagi bilgisi Hayir 172 47.6
Tiiketim tarihinin 6nemi EI\:}E/'[H 3%2 ?82
6 aydan az 113 293

e 6 ay-1 yil 146 37.8
Tiiketim stiresi 1 yﬁdar}; fazla 67 17.4
Gerektiginde 60 155

Dolapta 150 425

R Oda sicakliginda 15 431
T1bbi bitki muhafazasi Plastik pos e%[te 20 57
Bitkiye ve kullanim sekline gore degisir 31 8.8

Kullandiginiz bitkilerin yan etkisini Evet 51 13.0
gordiiniiz mii? Hayir 340 87.0
Kullanilmas1 gereken 6l¢ii/doz bilgisi EI\;?H igi ié?
Bitki kullanimindan 6nce danisma (Anne, Evet 250 674
baba, hekim vb. ) Hayir 121 326

Bireylerin tibbi bitkiler hakkindaki diistincelerine bakildiginda; farkli alanlarda kullanimai ile
yeni istthdam alanlar1 yaratmasi (8.11+2.372), bitkilerin tiiketim tarihinin 6nemli olmasi
(7.71£2.589), bitki ve bitkisel ilaglarin belli bir komisyon veya uzman kisiler tarafindan
onaylanmasi gerektigi (7.70+2.777), bitkileri kullanmadan 6nce birine danisilmas: gerektigi
(7.58+2.807), tibbi bitki kullaniminin sektdrel ve bolgesel kalkinmayr destekledigi
(7.57£2.425), ¢evre ve insan sagligi bakimindan degerli oldugu (7.55+2.724), bolgemizde
yetigen tibbi bitkilerin yeterince taninmadigi (7.51£2.623) diislincesine iliskin 6nem diizeyinin
yuksek oldugu belirlenmistir. Hatay ilinde bireylerin tibbi bitkiler hakkindaki diisiincelerinin
ortaya konmas1 icin kullanilan 6l¢egin Cronbach's alpha katsayisinin 0.836 oldugu ve 6lgegin
oldukga giivenilir oldugu tespit edilmistir (Cizelge 4).

Cizelge 4. Bireylerin tibbi bitkiler hakkindaki diisiinceleri (348)

Diisiinceler Ortalan;1 ss Medyra]\ Crosnélnlap(;]ha
8.11 2.37 9.00

Tibbi bitkilerin farkli alanlarda kullanimu ile yeni istihdam alanlart yaratabilir. 2 0.836
7.71 258 8.00 '

Bitkilerin tiiketim tarihi de dnemlidir. 9
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Bitki ve bitkisel ilaglar belli bir komisyon veya uzman kisiler tarafindan 770 277 8.00

onaylanmalidir. 7
7.58 2.80 9.00

Bitkiler kullanilmadan 6nce birine danigiimalidir. 7
g . " 757 242 8.00

Tibbi bitkilerin kullanimi sektérel ve bolgesel kalkinmay: destekler. 5
Tibbi bitkiler ¢evre ve insan saglig1 bakimindan ¢ok degerlidir. 755 2'7‘2‘ 9.00
Bolgemizde yetisen tibbi bitkiler yeterince taninmamaktadir. 751 2'6§ 8.00
Tibbi bitki kullanimi sonbahar ve kis aylarinda daha fazladir. 734 2'52 8.00
7.04 280 7.00

Tibbi bitkilerden elde edilen iiriinlerin kalite ve giivenilirligini arastiririm. 9
Dogadaki tibbi bitkiler yok olma tehlikesiyle kars1 karstyadir. 6.95 2'73 8.00
Tibbi bitkilerin iyilestirme giicti yiiksektir. 6.92 27; 8.00
6.14 292 6.50

Her hastaligin/rahatsizligin bitkisel bir ¢o6ziimii vardir. 4
589 281 6.00

Tibbi bitki kullanimina yo6nelik yeterince bilgi sahibi degilim. 9
Tibbi bitkiler daha ¢ok satis/gelir amagli kullanilmaktadir. 588 2'8; 6.00
571 2.78 6.00

Tibbi bitkilerin her yerde bulunabilme 6zelligi vardir. 3
562 271 5.00

Konu ile ilgili resmi olarak sinirli sayida firma ve teknik eleman var. 3
Tibbi bitki kullanimi ¢ok kii¢iik yaslarda baglamaktadir. 532 2'7(2) 500
Tibbi bitki kullanimnn riskli oldugunu diisiiniiyorum. 482 291 500
Sentetik ilaglarin tibbi bitkilere gore yan etkisi daha azdir. 412 3'02 4.00
468 3.04 4.00

Bolge iklim itibariyle yetistiricilige uygun degildir. 2
457 3.29 4.00

Bitkilerin tedavi edecegine inanmiyorum 2
424 1.09 9.00

Tibbi bitkilerin dogadan toplanilabildigi gibi yetistiriciligi de miimkiindiir. 8
Tibbi bitkiler dikkatli kullamlmadiginda olumsuz sonuglar dogurabilir. AL LIs 900

Olgek: 1=Hig katilmiyorum....10= Kesinlikle katiliyorum; SS: Standart sapma

4. SONUC VE ONERILER

Tibbi bitkiler insan beslenmesi ve sagligi bakimindan énemli bir yere sahip olan ve kullanimi
giderek artan iirlinler arasindadir. Arastirmaya katilan bireylerin biiyiik cogunlugu tibbi bitkinin
ne oldugunu bildigi ve neredeyse 1/3’{iniin tibbi bitki yetistiriciligi yaptig1 belirlenmigstir. Hatay
florasinda bir¢ok tibbi bitki tiirii dogada kendiliginden var olurken; adagayi, kekik, biberiye,
kusburnu, aloe vera, lavanta, nane, feslegen, defne, kantaron, ¢orekotu, sarimsak, dereotu,
limon, melisa, maydonoz, rezene ve safran gibi bitkilerin yetistiriciligi yapilmaktadir. Bireyler
baharat, cay, kozmetik, siis bitkisi olarak bu bitkilerin yetistiriciligi yaparken ve farkl
hastaliklarin tedavi etmek amaciyla da kullanmaktadir. Bireylerin tibbi bitkiler konusunda
kendilerini orta diizeyde bilgili olarak goriirken, bdlge halkinin farkindalik diizeyinin ¢ok
yetersiz bulanlarin sayis1 da azimsanmayacak diizeydedir. T1bbi bitki kullanimini artirmak ve
gelistirmek i¢in bilgi edinilen kaynaklarin 6nem diizeyi en yiiksek olan iiniversiteler/bilimsel
arastirma yapan enstitiiler, eczane, tecriibeli kullanicilar ve internet olarak belirlenmistir. Tibbi
bitkiler kurutulmus olsa da bireylerin biiyiik ¢ogunlugu tiiketim tarihinin 6nemli oldugunu tibbi
bitkilerin dolapta muhafaza edilmesi gerektigini bildirmistir. Sonug olarak, tibbi bitkilerin farkl
alanlarda kullanimi ile yeni istihdam alanlar1 yaratilmasi, bitki ve bitkisel ilaclarin belli bir
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komisyon veya uzman kisiler tarafindan onaylanmasi, bitkileri kullanmadan Once
bilirkisi/hekime danigilmas: gerekmektedir. Ayrica, tibbi bitki kullanimi, hem sektorel ve
bolgesel kalkinmanin desteklenmesi hem de gevre ve insan sagliginin korunmasi bakimindan
onemlidir. Hatay ilinin tibbi bitkiler acisindan zengin olmasi tibbi bitkilerin faydalarina ve
kullanimina iliskin yayim faaliyetlerini zorunlu kilmaktadir. Ayrica bu alanda diizenlenen
bilimsel toplantilar artirilmali, tibbi bitki kullanimina yonelik egitim ve seminer gibi faaliyetler
ile tiiketiciler bilgilendirilmelidir.
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OZET

Soya, tarim sektoriinde onemli bir yere sahip olan yagli tohumlu bir bitkidir. Zengin B vitamini
icerigi sayesinde besleyici bir gida olarak 6ne ¢ikmaktadir. Ayrica soya, pek ¢cok sanayi kolunun
hammaddesi olarak kullanilmaktadir. Tirkiye'de soyanin beslenme i¢in dnemi goz Oniine
alindiginda, yagli tohumlarin tiikketiminin giderek arttig1 goriilmektedir. Bu ¢aligmanin amaci,
diinya soya iiretiminde Tiirkiye’nin yerini ve bolgelere gore dagilimini belirlemek ve son
yillardaki degisimini iiretim ve dis ticaret bakimindan ortaya koymaktir. 2023/24 yilinda
diinyada yaklasik 139.4 milyon hektarlik bir alanda 396 milyon tonun {izerinde soya {iretimi
gerceklestirilmistir. Brezilya, ABD ve Arjantin gibi {ilkeler diinya soya iiretiminde lider
konumdadir. 2023/24 pazarlama yilinda diinya toplam soya ihracat1 yaklasik 170 milyon ton
olarak gergeklesmistir. Tiirkiye’de ise 2023/24 yilinda yaklasik 138 bin ton soya iiretimi
gerceklestirilmis olup; soya iiretiminde Adana, Mersin, Kahramanmarag, Osmaniye, Samsun
ve Hatay ili dikkat ¢ekmektedir. Son yillarda yagl tohumlara verilen 6nemin artmasi ile
Tirkiye, soya fasulyesi iiretimini artirarak hem kendi ithtiyacini karsilayabilecek hem de kiiresel
piyasalarda rekabet avantaj1 elde edebilecektir. Bu yonde atilacak adimlar, tarim sektoriiniin
stirdiiriilebilirligi ve {ilke ekonomisi i¢in oldukca énemlidir.

Anahtar Kelimeler: Soya, tiretim, pazarlama, ticaret, Tlirkiye.
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THE CHANGE OF SOYBEAN PRODUCTION IN TURKIYE AND ITS PLACE IN
THE WORLD

ABSTRACT

Soybean is an oilseed plant that has an important place in the agriculture sector. Thanks to its
rich vitamin B content, it stands out as a nutritious food. Additionally, soybean is also used as
a raw material in many industries. Taking into account the nutritional importance of soybean in
Tiirkiye, the consumption of oilseeds is gradually increasing. The aim of this study is to
determine the position of Tiirkiye in world soybean production and its distribution by regions.
Besides, it is to reveal the changes in recent years in terms of production and foreign trade. In
2023/24, over 396 million tons of soybean is produced in an area of approximately 139.4
million hectares in the world. Countries such as Brazil, the USA and Argentina are the world
leaders in soybean production. In the 2023/24 marketing year, total world soybean exports
amounted to 170 million tons. In Tiirkiye, approximately 138 thousand tons of soybean
production was realized in 2023/24. Additionally, the provinces of Adana, Mersin,
Kahramanmaras, Osmaniye, Osmaniye, Samsun and Hatay stand out in soybean production in
Tirkiye. In recent years, with the increasing importance given to oilseeds, Tiirkiye will be able
to meet its own needs by increasing soybean production. Thus, it will be able to gain a
competitive advantage in global markets. As a results, the steps to be taken in this direction are
very important for the sustainability of the agricultural sector and the national economy.

Keywords: Soybean, production, marketing, trade, Tiirkiye.
1. GIRIS

Soya (Glycine max L.), diinya bitkisel yag tiretim ve tiiketiminde ilk sirada yer alan bir yag
bitkisidir. Soya, yiiksek protein, karbonhidrat, yag orani ve vitamin igerigiyle insan ve hayvan
beslenmesinde Onemli bir kaynaktir. Ayni1 zamanda soya, endiistride genis kullanim
olanaklaria sahiptir (Giines, 2006; Ucum, 2016). Ayrica, diinyada bitkisel yag, yem sanayi ve
endiistri gibi alanlarda kullanilmaktadir. Tiirkiye’de soya hayvancilik i¢in olduk¢a 6nemli olup
yemlerin hammaddesi olarak biiylikbas, kanatli ve su {irlinlerinin yem rasyonlarinda tercih
edilmektedir (Ugum, 2016). Genellikle iiriin rotasyonu olarak ekimi yapilan bu iiriin, hem gida
sanayinin hem de karma yem sanayinin énemli bir hammaddesidir (Anonim, 2019). Soya, Dogu
Asya kokenli, baklagiller familyasindan olan ve 1-1,5 metre boyunda, kismen sarmasik
seklinde biiyliyen, dallanmis bir bitkidir. Ayrica, Asya'nin sert iklimine uyum saglayan, iliman
iklim kusaginda da yetistirilebilen bu iiriin, Tiirkiye'de Cukurova ¢evresinde yetistirilmektedir.
Soya, yenilebilir fasulyesi ile Tiirk yemek kiiltiiriinde 6nemli bir yere sahip olup taze veya kuru
olarak tiiketilebilmektedir. Soya, yemeklerde dogrudan kullanildig1 gibi, bir¢ok tarifte de ana
malzeme olarak yer edinmektedir. Protein icerigi bakimindan zengin olan bu {iriin, 6zellikle
Asya mutfaginda ¢ok yonlii bir sekilde kullanilmaktadir (Anonim, 2024).

Soya bitkisi insanlarin beslenmesinde ve hayvan yemlerinde protein, yag ve iyilestirici
fitokimyasallarin temel kaynagi olan ¢evre dostu bir bitkidir. Ayrica, yetistigi toprakta havadaki
serbest azotu baglayarak, kendisinden sonra ekilecek iirlinlerin veriminin artmasima katki
saglayarak giibre tasarrufu saglamaktadir. Soya, ayn1 zamanda bir baklagil bitkisi oldugundan,
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iyi bir miinavebe bitkisidir. Yaz aylarinda ekimi yapilan ve tek yillik olan soya bitkisinin
tohumlari, ortalama olarak %36-40 protein, %18-24 yag (Omega-3 ve benzeri yag asitleri), B1,
B2, K ve E vitaminleri, ¢inko, demir ve kalsiyum elementleri, %27 karbonhidrat ve %18
madensel maddeler icermektedir (Boydak ve ark., 2018; Okcu, 2020; Kumlay ve ark., 2021).

Diinya soya iiretimi 2023/24 iiretim sezonunda yaklasik 397 milyon ton olarak gergeklesmis
olup Brezilya, ABD ve Arjantin gibi iilkeler soya iiretiminde lider konumdadir. Ayrica yine
ayn1 donemde soya dis ticaretinde; en biiylik soya ihracatin1 Brezilya, ithalatini ise Cin
gerceklestirmigtir. 2023/24 iretim sezonunda ortalama 285 kg/da ortalama verim ile 139
milyon hektarin iizerinde soya ekilen alan bulunmaktadir. Ayrica, diinya toplam soya tiretimi
yaklagik 397 milyon ton, tiiketimi ise 383.5 milyon ton olarak gerceklesmistir (USDA, 2024;
FAO, 2024). Tirkiye'de ise 2022/23 iiretim sezonunda 380 bin dekar alanda, 155 bin ton soya
tretimi gergeklestirilmistir. Tirkiye’nin ortalama soya verimi ise 408 kg/da olarak
gerceklesmistir. Ayrica Adana, Mersin ve Kahramanmaras illeri Tiirkiye soya iiretiminde 6nde
gelen iller arasindadir (TOB, 2024; TUIK, 2024). Tiirkiye’nin soyada kendine yeterlilik
seviyesi ise 5.2°dir (Ozcan, 2024). Tiirkiye'de soya iiretimi, gerekli ekolojik ve iklim
kosullarina sahip olmasina ragmen, diger alternatif lriinlerle ekonomik olarak rekabet
edememektedir. Tirkiye'nin yurti¢i soya talebi, daha ¢ok ithalat yoluyla karsilanmaktadir
(Anonim, 2019). Ayrica, ithal edilen bu stratejik iirlin, Tiirkiye’de uzun yillardir hem 2. {iriin
tretimini  tesvik etmek icin hem de bitkisel yag acigim1 giderebilmek amaciyla
desteklenmektedir (Ugum, 2016).

Bu c¢alismanin amaci, diinya soya liretiminde Tiirkiye’nin mevcut durumunu ve {iretimin
bolgelere gore dagilimini belirleyerek son yillardaki degisimini iiretim ve dis ticaret degerleri
ile ortaya koymaktir.

2. MATERYAL VE YONTEM

Arastirmanin temel verileri, TUIK (Tiirkiye Istatistik Kurumu) ve FAO (Gida ve Tarim Orgiitii)
gibi veri tabanlarindan elde edilen ikincil verilerden olugsmaktadir. Bu ¢alismada, diinya ve
Tiirkiye’de soya tiretimi (ekim alani, iiretim miktari, verim) ve dis ticaret degerleri (ihracat
miktari, thracat degeri, ithalat miktar1 ve ithalat degeri) incelenmis olup soyanin yillara gére
degisim ve gelisimi degerlendirilmistir. Bu kapsamda veriler, basit indeks yontemi kullanilarak
tablolar araciligiyla yorumlanmig olup yillara gére degisim ylizde (%) olarak incelenmistir.
Ayrica, destekleme politikasi kapsaminda, Tiirkiye’de soya yetistiriciliginde uygulanan
desteklere yer verilerek destek tiirleri degerlendirilmistir.

3. BULGULAR

3.1. Diinyada Soya Uretiminin Mevcut Durumu

Diinya soya liretimine iliskin degerlerde yillar itibariyle dalgalanmalar gériilmekle birlikte ekim
alanm1 ve iiretim degerlerinde artis goriilmiis olup verim degerlerinde ise 6nemli bir degisim
bulunmamaktadir. FAO verilerine gore, 2014 yilinda 117 732 497 hektar olan ekim alani, 2022
yilinda 133 791 633 hektara yiikselerek %14 oraninda artis géstermistir. Soya iiretim miktari
2014-2022 yillar1 arasinda %14 artarak 2022 yilinda 348 856 428 tona ulagsmistir. Diinya
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genelinde soya verimi ise 2022 yilinda 261 kg/da olarak gerceklesmis ve son yillarda neredeyse
hi¢ degismemistir (Cizelge 1). Verimde degisim goriilmediginden soya liretim miktari izerinde
ekim alaninin etkili oldugu goriilmektedir.

Cizelge 1. Diinya soya verilerinin yillar itibariyle degisimi

Vil Ekim alani Indeks Uretim miktar1 Indeks Verim Indeks

(ha) (2014=100) (ton) (2014=100)  (kg/da) (2014=100)
2014 117 732 497 100 306 260 567 100 260 100
2015 120901 834 103 323 266 190 106 267 103
2016 122 048 068 104 335905 762 110 275 106
2017 125 905 263 107 359 515 843 117 286 110
2018 124 131 656 105 344 809 297 113 278 107
2019 121 360 171 103 335939 828 110 277 107
2020 127 453 417 108 355 866 427 116 279 107
2021 130 477 261 111 372 853 699 122 286 110
2022 133 791 633 114 348 856 428 114 261 100

Kaynak: FAO, 2024

Diinya soya dis ticaret degerlerinde yillar itibariyle dalgalanmalar goriilmekle birlikte bu
degerler 6nemli Olglide artis gostermistir. FAO verilerine gore, 2014 yilinda 118 583 000 ton
olan ihracat miktar1, 2022 yilinda %33 oraninda artarak 157 644 000 tona, ihracat degeri de
%359 oraninda artarak 94 010 134 000 dolar seviyesine ulagmistir. Soya ithalat miktar1 ise ayni
donemde 116 571 000 tondan 153 414 000 tona yiikselerek %32 oraninda artig gostermistir.
Ithalat miktarindaki artisa bagl olarak ithalat degeri de %57 oraninda artarak 102 736 213 000
dolar seviyesine ylikselmistir (Cizelge 2).

Cizelge 2. Diinya soya dis ticaretinin yillar itibariyle degisimi

il 11::11 (:E Indeks Ihracat Indeks Ithalat n.’liktal'l indeks ithalat de_geri Indeks

(bin ton) (2014=100) degeri (bin$)  (2014=100) (binton)  (2014=100) (bin $) (2014=100)
2014 118 583 100 59 001 225 100 116 571 100 65 644 431 100
2015 131 094 111 50 909 599 86 131042 112 56 594 394 86
2016 136 378 115 52 467 024 89 135097 116 55862 274 85
2017 151 750 128 58 081 266 98 149 415 128 62 817 887 96
2018 152 564 129 59 250 639 100 153 276 131 65 700 829 100
2019 156 001 132 55183 676 94 153182 131 60 447 932 92
2020 173 354 146 64 080 112 109 167 134 143 66 637 415 102
2021 161 155 136 77 740 027 132 163 238 140 91123 313 139
2022 157 644 133 94 010 134 159 153 414 132 102 736 213 157

Kaynak: FAO, 2024
3.2. Tiirkiye’de Soya Uretiminin Mevcut Durumu

Tirkiye soya iiretim degerlerinde yillar itibariyle dalgalanmalar gériilmekle birlikte, soya ekim
alan1 ve iiretim miktarinda bir azalma oldugu, ortalama soya veriminde ise bir miktar artig
oldugu goriilmektedir. TUIK verilerine gore, 2014 yilinda 343 178 hektar olan ekim alani, 2023
yilinda 326 840 hektar olarak gerceklesmis olup son 10 yilda %5 oraninda azalmistir. Ayni
donemde, Tiirkiye'de soya iiretim miktar1 %8 oraninda azalarak 2023 yilinda 137 500 ton olarak
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gerceklesmistir. Ancak, soya verimi, ekim alan1 ve liretim miktarinin aksine %8 oraninda
artarak 2023 yilinda 402 kg/da olarak gerceklesmistir (Cizelge 3).

Cizelge 3. Tiirkiye’de soya iiretiminin yillar itibariyle degisimi

il Ekim alani Indeks Uretim miktar1 Indeks  Verim Indeks

(ha) (2014=2023) (ton)  (2014=2023) (kg/da) (2011=2023)
2014 343178 100 150 000 100 371 100
2015 367 323 107 161 000 107 391 105
2016 381 804 111 165 000 110 389 105
2017 316 695 92 140 000 93 394 106
2018 328 483 96 140 000 93 392 106
2019 352 947 103 150 000 100 399 108
2020 351 343 102 155 225 103 394 106
2021 438 917 128 182 000 121 404 109
2022 380090 111 155 000 103 408 110
2023 326 840 95 137500 92 402 108

Kaynak: TUIK, 2024

Tiirkiye’nin soya iiretimine iliskin degerlerin bolgelere gore dagiliminin son 3 yildaki degisimi
Tablo 4'te incelenmistir. Tiirkiye'de 2023 yilinda soya ekim alaninda Akdeniz (301 772 dekar),
Bat1 Karadeniz (13 970 dekar), Giineydogu Anadolu (10 172 dekar), Bat1 Anadolu (395 dekar)
ve Bati Marmara (280 dekar) dnde gelen bolgeler arasindadir. Son 3 yilda soya ekim alanlari
Akdeniz bolgesinde %7, Bat1 Anadolu'da %13, Bat1 Karadeniz'de %23, Bati Marmara'da %15,
Dogu Marmara'da %7, Ege'de %62 oraninda bir azalis goriiliirken; Giineydogu Anadolu'da %15
ve Orta Anadolu'da %7 oraninda artig oldugu tespit edilmistir. Soya iiretim miktarina gore yine
Akdeniz Bolgesi 130 147 ton ile 1. sirada, Bat1 Karadeniz 3 820 ton ile 2. sirada, Giineydogu
Anadolu Bolgesi ise 3 228 ton ile 3. sirada gelmektedir. Soyada ortalama verimin en yiiksek
oldugu bolge de Orta Anadolu ve Akdeniz Bolgesi’dir (Cizelge 4).

Cizelge 4. Tiirkiye’de soya liretiminin bolgelere gore dagilimi
Ekim alani Uretim miktar1 Verim

Bolgeler (da) Degisim (ton) Degisim—yq/qq) ~ Degisim
20200 203 000 2023 ™ 2000 2008 )
Akdeniz 322991 301772 7 146098 130 147 11 452 431 5
Bati Anadolu 456 395 43 135 111 18 296 281 5
Bati Karadeniz 18108 13970 23 6132 3820 38 339 273 19
Bati Marmara 328 280 45 175 106 39 534 379 29
Dogu Karadeniz - 20 - - 5 - - 250 -
Dogu Marmara 54 4 -93 14 1 -93 259 250 -3
Giineydogu Anadolu 8853 10172 +15 2468 3228  +31 279 317  +14
Ege 525 107 62 200 67 66 381 340 11
Orta Anadolu 28 30 +7 3 15  +400 107 500  +367

Kaynak: TUIK, 2024

Tiirkiye'de soya dis ticaret degerlerinde yillar itibariyle dalgalanmalar goriilmekle birlikte;
2014-2022 yillar arasinda ihracat miktar1 %266 oraninda artarken ithalat miktar ise belirtilen
yillar arasinda %85 oraninda azalmigstir. Tiirkiye’de 2022 yilinda 107 bin ton soya ihracati, soya
ithalat1 ise 3 milyon tonun iizerindedir (Cizelge 5). Tiirkiye’nin soya dis ticaretine iliskin diger
degerler Cizelge 5’°te incelenmistir.
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Cizelge 5. Tiirkiye soya dis ticaretinin yillar itibariyle degisimi

Thracat miktar indeks Thracat degeri Indeks Ithalat miktar Indeks Ithalat degeri Indeks
Yil (bin ton)  (2014=100) (bin$)  (2014=100) (bin ton)  (2014=100) (bin$)  (2014=100)
2014 29 100 2029 100 20083 100 1119756 100
2015 12 41 7129 351 2 255 11 968 176 86
2016 184 630 108 362 5341 2175 11 885 301 79
2017 82 279 44 854 2211 2341 12 947 920 85
2018 21 73 12 079 595 2 660 13 1115398 100
2019 95 325 45785 2257 2742 14 1031809 92
2020 78 268 37048 1826 3040 15 1206 053 108
2021 98 336 61677 3040 2493 12 1464 087 131
2022 107 366 86 904 4283 3039 15 2050440 183

Kaynak: FAO, 2024

Tirkiye'de, 2024 yilinda soya {ireticilerine dekar basina 172 TL mazot destegi ve 21 TL giibre
destegi olmak iizere toplamda 193 TL tarimsal destek saglanmaktadir. Ayrica, Tiirkiye Tarim
Havzalar1 Uretim ve Destekleme Modeline gore soya iireticilerine 0.60 TL/kg havza bazl fark
O0demesi ve 58 TL/da sertifikali tohum kullanimma yonelik tarimsal destek 6demesi
yapilmaktadir. Bunun yani sira, yurt i¢inde sertifikali tohum iireten ve satisini gerceklestiren
Ciftci Kayit Sistemine kayitli yetkilendirilmis tohumculuk kuruluslarina 2024 yilinda
tirettikleri sertifikali tohumluklar igin 0.70 TL/kg, sertifikali kademe igin ise 0.35 TL/kg destek
O0demesi yapilmaktadir. Tiirkiye'deki tarimsal desteklerin 6nemli bir parcasi olan bu ddemeler,
ciftcilerin iiretimlerini siirdiiriilebilir ve verimli bir sekilde gergeklestirmelerine katki
saglamaktadir (Cizelge 6).

Cizelge 6. Tiirkiye’de soya tarimi i¢in verilen destekler

Destek tiirii b
Mazot (¥/da) 172
Giibre (¥/da) 21
Toprak analizi (}/da) 0.5
Fark 6demesi (t/kg) 0.60
Sertifikali tohum kullanimi (£/da) 58
Sertifikali tohum {iretimi (orijinal) (¥/kg) 0.70
Sertifikali tohum iiretimi (sertifikali kademe)(#/kg) 0.35

Kaynak: REGA, 2023
4. SONUC VE ONERILER

Tirkiye, cografi konumu ve 6zellikleri bakimindan yagli tohumlu bitkilerin yetisebilmesi icin
uygun kosullara sahiptir. Ancak Tiirkiye’de ay¢igegi, susam, soya, keten, kenevir, ¢igit, haghas,
yer fistig1, aspir ve kolza gibi yagli tohumlu bitkilerden yeterince yararlanilamamaktadir. Bu
durum, bir¢cok alanda kullanilan soyanin islenerek mamul ve yar1 mamul {iriinlere
dontistiiriilmesi ve katma deger kazandirilmasi sebebiyle soya isleme tesislerinin artirilmasini
gerekli kilmaktadir. Son yillarda diinyada soya iiretimi, ekim alanina bagl olarak artis
gostermis olup verim ortalamasi ise 275 kg/da civarindadir. Tiirkiye’de son 10 yilda soya ekim
alani ve liretimi bir miktar azalsa da verim ortalamasi 400 kg/da ile diinya ortalamasinin ¢ok
tizerindedir. Tirkiye, soya liretiminde ekim alanina bagl olarak geri planda olmasina karsin
soya veriminde diinyada ilk sirada yer almaktadir. Soya, diinya dis ticaretinde de 6nemli yer
tutan bir iiriin olarak hem iilke hem de diinya ekonomisine 6nemli katkilar sunmaktadir. Ancak
yine de Tirkiye’nin bu alanda kendine yeterlilik seviyesi diisiik olup i¢ talebi karsilamasi
oldukca giictiir. Tiirkiye’de soya i¢ talebinin karsilanmasi bakimindan giftgilerin iiretime tesvik
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edilmesi, artan Uretim maliyetlerinin karsilanabilmesi bakimindan verilen desteklerin
artirilmasi gerekmektedir. Ayrica, farkli alanlarda kullanilan soya iiretimi, sanayi ve isleme
tesisi bakimindan disiik faizli, vadesi uzun krediler ve vergi muafiyetleri ile desteklenmelidir.
Bitkisel yag a¢igimin kapatilmasi bakimindan da énemli bir role sahip olan soya, Tiirkiye’de
destekleme politikalarinda iyilesmeyi, tesis kurulumunun ve mevcut kapasitenin etkin
kullanimini (depolama, kurutma, isleme vb.) zorunlu kilmaktadir.
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OZET

Lazer 1511 ile kesme metalik sac veya plakalarda karmasik geometrili profil veya deliklerin
olusturulmasinda yaygin olarak kullanilan bir aligilmamis imalat yontemidir. Bu kesme
teknolojisinde gaz tiirii, odak noktasi, gaz basinci ve kesme hizi gibi bir¢ok isleme parametresi
captan sapma, diklik, koniklik, dairesellik gibi geometrik toleranslari dogrudan etkilemektedir.
Bu calismada, ferritik paslanmaz celigin fiber lazer ile delinmesinde odak noktasi (Fp), gaz
basinci (P) ve ilerleme hizinin (f) captan sapma ve diklik tolerans1 (performans gostergeleri)
degisimleri analiz edilmistir. Fiber lazer ile kesme deneyleri L9 dikey dizini kullanilarak
yapilmistir. Varyans analizi (ANOVA) ile performans gostergeleri iizerinde isleme
parametrelerinin etki diizeyleri 6l¢iilmiistiir. Tiim delik ¢caplarinin nominal ¢aptan fazla oldugu
belirlenmis olup, bu sonu¢ cogunlukla yiiksek basingli kesmede lazer gili¢ yogunlugunun
artmasina atfedilmistir. Lazer ile siirecinde, captan sapma i¢in en etkili parametre %57.53 PCR
ile ilerleme hiz1 olurken, diklik toleransi i¢in bu parametre %49.72 PCR ile odak noktasi
cikmistir. En biiylik sapma degeri, -3 mm odak noktasi, 2000 mm/dak ilerleme hiz1 ve 18 bar
gaz basincinda olusurken, en biiyiik diklik tolerans1 -4 mm odak noktasi, 1200 mm/dak ilerleme
hiz1 ve 15 bar gaz basincinda 6l¢iilmiistlir. Bu sonug, performans gostergeleri i¢in optimum
parametrelerin farkli olabilecegini ve dolasiyla lazer ile kesmede ¢ok degiskenli optimizasyon

yonteminin kullanilmasi gerektigine isaret etmektedir.

Anahtar Kelimeler: Lazer, Delme, Odak noktasi, Geometrik tolerans, Captan sapma
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1. GIRIS
Lazer kesme teknolojisi, ¢esitli endiistrilerde metalik ve metalik olmayan malzemelerin
kesilmesi ve sekillendirilmesi i¢in yaygin olarak kullanilan bir imalat yontemidir. Bu
teknolojinin en biiylik avantajlar1 arasinda yliksek hassasiyet, hizli isleme siireleri, dar kesim
genisligi ve minimum termal deformasyon yer almaktadir. Lazer kesme islemi, 6zellikle
otomotiv, havacilik, tibbi cihazlar ve elektronik sektorlerinde yogun bir sekilde
kullanilmaktadir [1].
Lazer kesme siirecinde, lazer 151n1 bir malzeme ylizeyine odaklanarak yiiksek enerji yogunlugu
saglar ve bu enerji malzeme {lizerinde lokalize bir erime veya buharlagma olusturur. Bu siirecte
kullanilan lazer tiirleri arasinda CO2, Nd ve fiber lazerler bulunmaktadir. Fiber lazerler, yiliksek
1s1n kalitesi, enerji verimliligi ve diisiik bakim maliyetleri nedeniyle son yillarda daha fazla
tercih edilmektedir [2].
Lazer kesme islemi sirasinda bir dizi islem parametresi, kesme kalitesini ve delik geometrisini
dogrudan etkilemektedir. Bu parametreler arasinda; odak noktasi (Fp), gaz basinci (P) ve
ilerleme hiz1 (f) gibi degiskenler yer almaktadir. Odak noktasi, lazer 151n1nin malzeme yiizeyine
en yogun sekilde odaklandigi noktadir ve bu noktanin dogru ayarlanmasi, kesim kalitesini
artirmak i¢in kritiktir. Gaz basinci, kesme siirecinde kullanilan destek gazinin basincini ifade
eder ve malzemenin kesim bolgesinden uzaklastirilmasina yardimer olmaktadir. ilerleme hizi
ise lazer bagliginin malzeme iizerinde hareket hizin1 belirler ve kesim siiresini etkilemektedir
[3-4]. Diger imalat yontemlerinde oldugu gibi lazer yontemi ile yapilan imalat islemlerinde
uygun parametrelerin belirlenmesi kesim kalitesi iizerinde dogrudan etkiye sahip olmaktadir.
Ideal parametrelerin belirlenmesinde yaygin olarak Taguchi metodu kullanilmaktadir. Bu
yontem deney sayisinin azaltilmasi ile maliyet ve zamandan tasarruf saglanirken ayni1 zamanda
optimum parametrenin belirlenmesinde yaygin olarak kullanilmaktadir [5-6].
Taguchi yontemi ile lazer kesim parametrelerinin kesim yiizeyi kalitesi lizerindeki etkisine
iliskin bazi ¢alismalar sunulmustur. Sharma et al. [7], yumusak ¢elik numunelerini darbeli
lazerle keserek, ortalama piiriizliiliik (Ra) parametresi i¢in en 1yi parametre setini elde etmek
icin bu yontemi kullanmistir. Sinyal/Giiriiltii (S/N) ve varyans analizi (ANOVA)
degerlendirmeleriyle, kesme hiz1 ve darbe frekans hizinin farkli seviyelerde kesme yiizeyinin
kalitesi i¢in en dnemli parametreler oldugu sonucuna varilmistir. Kesme hiz1 degeri ne kadar
yiiksek olursa, yiizey kalitesinin o kadar diisiik oldugu belirtilmistir. Madic vd. [8], AISI 304'lin
kesilmesinde en diisiik yilizey piirlizliiligiinii bulmak i¢in bir CO2 lazer kullandi. Kesilen
yluzeyde en distk piriizliligi elde etmek i¢cin S/N analizi ve grafiksel degerlendirmeler
sonucunda, kesme hizi ve radyasyon giiciiniin en 6nemli parametreler oldugu belirtilmistir.
Amaral vd. [9], AISI 316L paslanmaz ¢elik ve soguk haddelenmis St12 ¢elik malzemeden
hazirlanan 2mm kalinligindaki saclarin fiber optik lazer ile kesilmesinde yiizey kalitesini
aragtirmislardir. Radyasyon giicti, kesme hiz1 ve gaz basinci parametreleri degistirilerek yapilan
deneyler sonucunda, mikroyapisal olarak kayda deger bir degisiklik olmadig1 goriilmiistiir. Gaz
basinct diginda, makine iireticisi tarafindan onerilen lazer kesme parametrelerinin en iyi ylizey
kalitesini elde etmek i¢in optimum olmadigi ortaya ¢ikmistir. Bu nedenle, daha az radyasyon
giicii ve daha yiiksek kesme hizi degerleri ile lazer kesme islemi optimize edilebilecegi gibi giic
tilketiminde azalma ve verimlilikte artis saglanacagi vurgulanmistir.
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Bu ¢alismada, ferritik paslanmaz gelik {izerinde fiber lazer ile yapilan delme islemlerinde odak
noktasi, gaz basinci ve ilerleme hizinin delik geometrisi lizerindeki etkilerini incelemeyi
amaglamaktadir. Literatiirdeki ¢caligmalar géz oniine alindiginda, bu parametrelerin delik ¢ap1
ve diklik toleransi {izerindeki etkilerinin daha ayrintili bir sekilde analiz edilmesi gerektigi
goriilmiistiir. Bu baglamda, fiber lazer ile kesme deneyleri Lo dikey dizini kullanilarak
gergeklestirilmis ve varyans analizi (ANOVA) ile performans gostergeleri tizerindeki etki
diizeyleri olctilmiistiir.

2. MATERYAL VE YONTEM

Deneysel ¢alismada, is par¢asi malzemesi olarak 5 mm kalinliginda AIST 430 ferritik paslanmaz
celik fiber lazer yontemi kullanilarak delinmistir. Lazer delme deneyleri 2.4 kW giiciindeki
Nukon lazer makinesi kullanilmistir. Deney sonuglarin elde edilmesinde isleme
parametrelerinin belirlenmesi deney tasariminin énemli bir adimidir. Literatiir incelendiginde
fiber lazer performansini etkileyen ¢ok sayida degisken oldugu goriilmektedir. Bunlardan en
yaygin ve en etkili olarak kullanilan odak noktasi (Fp), gaz basinci (P) ve ilerleme hiz1 (f)
deneylerde isleme parametreleri olarak kullanilmistir. Deneysel ¢alisma i¢in kullanilan isleme
parametreleri ve seviyelerine bagl olarak olusturulan Taguchi Lo deney tasarimi Cizelge 1°de

verilmigtir.
Cizelge 1. Deney tasarimi
Deney no Odak noktasi Gaz basinci Ilerleme iz
1 -3 1200 12
2 -3 1600 15
3 -3 2000 18
4 -4 1200 15
5 -4 1600 18
6 -4 2000 12
7 -5 1200 18
8 -5 1600 12
9 -5 2000 15

Deneyler sonrasi elde edilen deliklerin 6l¢iimleri Global Classic 091508 model koordinat 6l¢iim
cihazi (CMM) ile yapilmistir. Olgiimlerden dnce AOBO acisinda kalibrasyon islemi yapilmistir.
[s pargasinin iist ve yan yiizeylerinden alan diizlem, dogru ve nokta ile is par¢asinin konumu
sabitlenmistir. Delik ylizeylerden alinan noktalar ile daireler ve silindirler olusturuldu. Parga
iist ylizeyinden alinan diizlem ile diklik kontrolleri yapildi. Tiim kalibrasyon ve 6l¢lim islemleri
21°C’de yapilmustir.

Olgiimler sonucu elde edilen ¢aptan sapma ve diklik degerleri Taguchi metodu kullanilarak en
ideal parametre kombinasyonunun belirlenmesi yapilmustir. Istatistiksel analiz degisken
parametrelerin ortalama degerleri ve sinyal-giiriiltii (S/G) oranlarinin etki grafikleri analiz
edilerek gerceklestirilmistir. Taguchi yonteminde deneysel sonuglar ile optimum deger
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arasindaki sapmay1 hesaplamak amaci ile bir yaklasim ¢esidi kullanilir. Captan sapma ve diklik
sonuglarini minimize etmek amaci ile Taguchi metodolojisinde “En Kiiciik En Iyi” yaklagimi
kullanilmistir. Degigsken parametrelerin sonug verilerine katki oranlar1 ve yiizdelerinin
hesaplanmasi i¢in ANOVA (varyans analizi) uygulanmustir.

3. DENEYSEL SONUCLAR VE TARTISMA

Bu calismada, ferritik paslanmaz celigin fiber lazer ile delinmesinde odak noktasi (Fp), gaz
basinci (P) ve ilerleme hizinin (f) captan sapma ve diklik toleransi (performans gostergeleri)
degisimleri Taguchi Lg deney tasarimi kullanilarak arastirilmistir. Cizelge 2’de yapilan
deneyler sonucu elde edilen 6l¢tim degerleri ve optimizasyon sonucu hesaplanan sinyal/giiriltii
oranlari verilmistir.

Cizelge 2. Deney ve analiz sonuclar:

Deney Captan sapma Diklik
no Olciim | S/G oram Olciim S/G orani
0.172 15.2894 0.054 25.3521

0.180 14.8945 0.035 29.1186
0.230 12.7654 0.014 37.0774
0.151 16.4205 0.037 28.6360
0.185 14.6566 0.029 30.7520
0.192 14.3340 0.025 32.0412
0.191 14.3793 0.011 39.1721
0.176 15.0897 0.007 43.0980
0.202 13.8930 0.016 35.9176

O O N| O O | W N|

En biiyiik sapma degeri, -3 mm odak noktasi, 2000 mm/dak ilerleme hiz1 ve 18 bar gaz
basincinda olusurken, en biiyiik diklik toleransi -4 mm odak noktasi, 1200 mm/dak ilerleme
hizt ve 15 bar gaz basincinda 6l¢ililmiistiir. Captan sapma ve diklik toleransinin deneysel
sonuclar1 kullanilarak hesaplanan S/G oranlar1 Gorsel 1 ve 2°deki grafiklerde gosterilmistir.
Hesaplanan S/G oranin en biiylik degeri ¢aptan sapma ve diklik toleransi i¢in en etkin deneyi
veya en etkin degisken parametre degerlerini gostermektedir. Gorsel 1°de verilen captan
sapmanin S/G oram grafigi incelendiginde “En Kiiciik En Iyi” yaklasimina gére -4 mm odak
noktasi, 1200 mm/dak ilerleme hiz1 ve 15 bar gaz basinci optimum parametre kombinasyonu
olarak belirlenmistir. Gorsel 2’de verilen diklik toleransinin S/G orami grafigi incelendiginde
“En Kiiciik En Iyi” yaklasimina gore -5 mm odak noktasi, 2000 mm/dak ilerleme hiz1 ve 18 bar
gaz basinci optimum parametre kombinasyonu olarak belirlenmistir.

AISI 430 ferritik paslanmaz ¢eligin lazer ile delinmesinde ilerleme hizi, odak noktasi ve gaz
basincinin ¢aptan sapma ve diklik toleransi iizerindeki etki oranlarmi istatistiksel olarak
hesaplamak i¢in %95 giiven araliginda yapilan ANOVA sonuglar1 Cizelge 3’de sunulmustur.
Burada, her bir parametrenin etki oranini ortaya g¢ikaran serbestlik derecesi (SD), kareler
toplam1 (KT), kareler ortalamasi (KO), F degerleri ve yiizde etki oranlar1 (PCR) gosterilmistir.
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Gorsel 1. Captan sapmanin S/G oranlar: grafigi
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Gorsel 2. Diklik toleransimin S/N oranlar: grafigi

Cizelge 3. Captan sapma ve diklik toleransi icin ANOVA sonuclari

Parametre SD KT KO F P PCR (%)
Captan sapma

Fp 2 0.00053 0.000265 85.11 0.012 1391
P 2 0.002191 0.001095 352.11 0.003 57.53
f 2 0.001082 0.000541 173.82 0.006 28.41
Hata 2 0.000006 0.000003 0.15
Toplam 8 0.003808
Diklik toleransi

Fp 2 0.000906 0.000453 3.1 0.244 49.72
P 2 0.000381 0.00019 1.3 0.435 20.91
f 2 0.000243 0.000121  0.83 0.547 13.32
Hata 2 0.000293 0.000146 16.05
Toplam 8 0.001822
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Varyans analizi (ANOVA) ile performans gdstergeleri {izerinde isleme parametrelerinin etki
diizeyleri dl¢lilmistiir. Tiim delik ¢aplarinin nominal ¢aptan fazla oldugu belirlenmis olup, bu
sonug¢ ¢ogunlukla yiiksek basingli kesmede lazer gli¢ yogunlugunun artmasina atfedilmistir.
Lazer ile siirecinde, ¢aptan sapma icin en etkili parametre %57.53 PCR ile ilerleme hiz1 olurken,
diklik tolerans1 i¢in bu parametre %49.72 PCR ile odak noktasi ¢ikmustir.

4. SONUCLAR VE ONERI

AISI 430 ferritik paslanmaz ¢eligin fiber optik lazer ile delinmesinde kesme parametrelerinin
(ilerleme hiz1, odak noktasi ve gaz basinci) ¢aptan sapma ve diklik toleransi iizerine etkilerinin
arastirildig1 calismadan elde edilen sonuglar agsagida 6zetlenmistir.

- Taguchi optimizasyon metodolojisine gore, AISI 430 sac malzemenin lazerle delinmesinde
captan sapma i¢in en uygun kesme parametreleri; -4 mm odak noktasi, 1200 mm/dak ilerleme
hiz1 ve 15 bar gaz basinci olarak belirlenmistir.

- AlSI 430 sac malzemenin lazerle delinmesinde diklik toleransi i¢in en uygun kesme
parametreleri ise -5 mm odak noktasi, 2000 mm/dak ilerleme hizi ve 18 bar gaz basinct
optimum parametre kombinasyonu olarak belirlenmistir.

-  ANOVA sonucuna gore, captan sapma igin en etkili parametre %57.53 PCR ile ilerleme hizi
olurken, diklik toleransi i¢in bu parametre %49.72 PCR ile odak noktas1 seklindedir.

- Tekli optimizasyon sonuglarinin farkli ¢ikmasi, geometrik analizlerde ¢ok degiskenli
optimizasyon metodolojisinin uygulanmasi gerektigini gdstermistir.

KAYNAKCA

[1] Steen, W.M., and Mazumder, J., Laser Material Processing, Springer Science & Business
Media, 2010.

[2] Khatak, P., Laser cutting technique: A literature review. Materials Today: Proceedings,
56, 2484-2489, 2022.

[3] Urgiiplii, M. ve Koksal, S., Lazer ile kesme islemlerinde kesim kalitesine etki eden
parametreler, ISITES, 864-874, 2015.

[4] Mert, F., Tung, M., Sur, G., AISI 304 c¢eliginin lazer ile kesilmesinde kesme
parametrelerinin  ylizey piriizliilligiine etkisinin incelenmesi, 5th International
Symposium on Innovative Technologies in Engineering and Science, Baku, 189-198,
2017.

[5] Tushar, J., Parameters optimization of laser beam machine, International Journal of
Advance Research, Ideas and Innovations in Technology, 3, 801-809, 2017.

[6] Madic, M., Radovanovic, M., Gostimirovic, M., Selection of near optimal laser cutting
parameters in CO2 laser cutting by the Taguchi method, Technical University of
Ostrava, 59, 99-107, 2013.

[7] Sharma, V., Chattopadhya, S., Hloch, S., Surface quality finish in laser cutting using
Taguchi design, Tehnicki Vjesnik, 24(1),15-19, 2017.

[8] M. Madic, M. Radovanovic, M. Gostimirovic, Selection of near optimal laser cutting
parameters in CO2 laser cutting by the Taguchi method, Technical University of Ostrava
59, 99-107, 2013.

[9] Amaral, 1., Silva, F.J.G., Pinto, G.F.L., Campilho, R.D.S.G., Gouveia, R.M., Improving
the cut surface quality by optimizing parameters in the fibre laser cutting process,
Procedia Manufacturing, 38, 1111-1120, 2019.

PROCEEDING BOOK Academy Global Publishing House | 227




| LONFER;
o Ay
& &

-
o,
=
=
=
=

AVRASYA 11th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES August 1 - 5, 2024- Tashkent
ISBN : 978-625-6283-57-2

— Y

SEMENTE KARBURUN DALMA EROZYONLA ISLENMESINDE BOYUTSAL
DOGRULUGUN ARASTIRILMASI

Ahmet Tolunay ISIK
Karabiik Universitesi,
a.t.i@windowslive.com- 0000-0003-1598-1828

Prof. Dr. Mustafa GUNAY
Karabiik Universitesi,
mgunay@karabuk.edu.tr - 0000-0002-1281-1359

OZET

Semente karbiiriin (WC-Co) geleneksel talasli imalat yontemleri ile islenmesi ¢ok zordur. Bu
nedenle, elektro erozyon ile isleme (EDM), tel erozyon ile kesme gibi geleneksel olmayan
talagli imalat yontemleri ile daha kolay sekillendirilmektedir. Bu ¢alismada, WC-Co
malzemenin EDM ile islenmesinde 6l¢ii tamliginin isleme parametrelerine gore degisimleri
incelenmistir. Bu baglamda, silindirik geometrideki tungsten karbiir malzeme {izerine EDM ile
acilan kama yuvasinin 6lciileri kontrol edilerek en uygun isleme sartlari arastirilmistir. isleme
parametresi olarak {i¢ farkli seviyede bosalim akimi (Ip), vurum siiresi (Ton) ve vurum araligi
(Toff) secilmistir. Isleme deneyleri, Taguchi L9 deney tasarimina gdre bakir elektrotlar
kullanilarak gerceklestirilmistir. Kama yuvasi boyutlari; derinlik (D), genislik (W) ve uzunluk
(L) 6l¢timleri bir koordinat 61¢tim makinesi ile yapilmistir. Deneyler sonucunda, derinlikte daha
biiylik sapmalar olusurken, genislik ve uzunluk 6lciilerinde en biiyiik sapma degeri %2.2 ve
9%0.4 olarak ol¢iilmiistiir. Derinlikteki biiylik sapma degeri elektrotun daha ¢ok alin yiizeyinde
olusan aginmaya baglanmistir. Varyans analizine (ANOVA) gore, D ve W odlgiilerinde en etkili
parametre bosalim akimi olurken, L 6l¢iisiinde bu parametre vurum aralig1 olarak belirlenmistir.
Bu baglamda, 6zellikle EDM gibi ¢ok karmasik talash imalat uygulamalarinda optimum isleme

parametrelerinin belirlenmesi amaciyla tam faktoriyel deney tasarimlari 6nerilmektedir.

Anahtar Kelimeler: WC-Co, EDM, Olgii tamligi, ANOVA

1. GIRIS
Gelismis seramikler arasinda yer alan semente karbiir (WC-Co), yiiksek ergime sicakligi, sertlik
korozyon direnci, elektriksel ve termal iletkenlik gibi fiziksel ve mekanik Ozellikleri sayesinde
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kalipeilik, talagh imalat vb. bir¢ok endiistriyel alanda en yaygin kullanilan malzemedir [1]. Ancak
seramik ve kompozitlerin geleneksel isleme yontemleriyle sekillendirilmesinde ortaya ¢ikan hizl
takim asinmasi, hurda malzemenin fazla olmasi, islenen parg¢a kenarlarinda catlak olusumu ve
ufalanma gibi dezavantajlar bu malzemelerin kullanim alanlarim smirlamaktadir [2, 3]. Bu nedenle
elektrik erozyonla isleme (EDM), lazerle isleme (LBM) ve ultrasonik isleme (USM) gibi geleneksel
olmayan isleme yontemleri, takim-is parcasi temasi olmadan cesitli enerji formlarmi kullanarak
malzemeleri istenilen geometri ve toleranslarda islenmnesine imkan saglamaktadir. Karmagik
geometrilerde islem yapilabilmesi, minimum malzeme israfi ve yiizey hasari gibi avantajlar g6z dniine
alindiginda EDM yontemi iletken, sert ve kirilgan malzemelerin islenmesi i¢in en uygun sekillendirme
yontemidir [4].

EDM yontemi, iletken bir dielektrik siviya batirilmig bir takim (elektrot) ve is pargasi iceren bir
elektro-termal malzeme ¢ikarma islemidir. Belirli bir akim ve gerilimde elektrot ile is pargasi
arasinda olusan kivilcimlar, is pargasi yiizeyinde yiiksek basing ve sicaklik olusturarak
malzemenin erimesine ve buharlasmasina neden olur. Bu siire¢, o ylizeyde kiiclik kraterler
olusturarak malzemenin istenilen geometride islenmesini saglar [5]. Ancak isleme sirasinda
rastgele kivilcimlarin kontrol edilmesi zor oldugundan, EDM uygulamalarinda kesin parga
boyutlarina ulagsmak zordur. Ayrica geometrik dogruluk, islenmis numunenin dogru
islevselligini saglamada 6nemli bir rol oynar. Ornegin, mikrondaki degisim, mikro bosluklar
durumunda kesim boyutlar1 iizerinde Onemli bir etkiye sahiptir ve bu gereksinimin
karsilanmasii daha kritik hale getirir [6]. Ote yandan, klasik EDM, toz karisimli EDM, tel
EDM ve pnEDM gibi EDM teknolojileri kullanilarak cesitli seramik ve seramik kompozitler
islenmektedir. Bu islemlerde desarj akimi (Ip), darbe siiresi (Ton), darbe aralig1 (Toff), takim
polaritesi ve referans voltaji gibi isleme parametrelerinin talas kaldirma oran1 (MRR), takim
asinma hiz1 ve yiizey piiriizliiliigii tizerindeki etkileri incelenmektedir [3, 7]. Isleme ¢iktilari
tizerinde etkili olan temel degiskenlerin Ip ve Ton/Toff orant oldugu belirlenmistir. Ayrica
geometrik hatalar1 ve yiizey piriizliiliigiinii en aza indirmek i¢in negatif takim polaritesi tavsiye
edilmektedir [8].

Imalat endiistrisinde, hassas boyutlar ve yiiksek geometrik dogruluk i¢in dnceden tanimlanmis
gereksinimlere uygun bilesenleri makul maliyetle liretmek 6nemli bir hedeftir. Bu anlamda
dairesellik, silindiriklik, diklik vb. geometrik toleranslarin ve radyal fazla kesmenin stirekli
olarak iyilestirilmesi gerekmektedir [9]. Bu noktada WC-Co EDM gibi alisilmamis iiretim
stirecleriyle daha verimli sekilde islenir. Ayrica, WC-Co malzemesinin EDM prosesinde bakir-
tungsten alasimlar1 erime noktasi, elektrik ve 1s1 iletkenlikleri, 1s1l direng gibi termo-fiziksel
Ozellikleri sayesinde grafit ve bakira gore daha verimli elektrot malzemeleridir, ancak
maliyetleri yiiksektir [10]. Carlini vd., farkli Cu-W elektrot kullanarak %10Co icerikli WC-
Co’m EDM'si iizerine bir arastirma gergeklestirdi. Yazarlar, Cu-W elektrodu is parcasinin
puriizliiliigiini hafifce etkilerken, desarj enerjisi arttik¢a piiriizliiliigiin azaldigini belirtmislerdir
[11]. Selvarajan vd. Cu elektrot kullanarak Si3N4-TiN seramik kompozitin EDM'sinde MRR,
takim asinma hizi, yilizey piiriizliligi (Ra) ve cesitli geometrik toleranslarin degisimini
arastirmiglardir. Akim, darbe siiresi, dielektrik basing ve bosluk voltaji arttikca ve darbe
kapanma siiresi azaldik¢a agilan deliklerin dogrulugu ve ylizey kalitesi iyilestirilirken ayni
zamanda yiikksek MRR elde edildi [12]. Ishfaq vd. gore iiretilen parcalarin boyutsal
dogrulugunu yoneten kalip uygulamalarinda geometrik dogruluk biiyiik 6nem tasimaktadir. Bu
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noktada kaliplarin bosluklarinin karmasiklign EDM kullanimin1 neredeyse zorunlu hale
getirmektedir. Arastirmacilar, eksenel hatalarin ortalama degerinin yanal boyutsal hatalardan
2.5 kat daha az oldugunu belirtmislerdir. Bakir elektrotun geometrik dogruluk ve yiizey kalitesi
acisindan grafit ve tungsten elektrottan daha elverisli oldugu vurgulanmistir [13]. Bu calisma,
bir WC-Co ¢ubugu iizerinde standart bir kama yuvasi olusturulmasinda Ip, Ton ve Toff gibi
EDM parametrelerinin boyutsal dogruluk iizerindeki etkilerine odaklanmistir. Ayrica sonuglar,
seramiklerin EDM ile endiistriyel islenmesinde dnciiliik edecektir.

2. DENEYSEL CALISMALAR

2.1. Malzeme ve Ekipman

Is pargasi malzemesi olarak @16 mm ve agirlikca %15Co icerikli WC cubuklar kullanildi.
DIN6885 standardina uygun olarak segilen Form A tipi kama yuvasi (5x5x20 mm) boyutlarina
ulagsmak i¢in gerekli elektrotlar bakir malzemeden tel-EDM ile hazirlandi. Caligmada kullanilan
Is par¢asi malzemesi, elektrot, EDM makine goriintiileri Gorsel 1'de gosterilmektedir. Deneysel
calismalar Gazi Universitesi laboratuvarinda bulunan Furkan marka EDM makinesi ile
gerceklestirilmistir. Deneylerde dielektrik olarak yiiksek parlama noktasina sahip gazyagi
kullanildi. Dielektrik siv1, yanal yikama yontemiyle 35 KPa basingla isleme bolgesine kesintisiz
olarak gonderildi. Isleme derinligi, her isleme parametresi seti igin 3 mm'ye (standarda gére
kama derinligi) ayarlandi. EDM makinesinde, agik devre voltaji 130 V, referans voltaj1 ise 60
V olarak sabitlenmistir.

EDM tablas1  Dielektrik cevrim

Gorsel 1. EDM ekipmanlari

Isleme parametreleri olarak desarj akimi (Ip), darbe siiresi (Ton) ve darbe araligi (Toff)
secilmistir. On deneyler ve literatiir taramasi1 sonucunda bu parametreler igin ii¢ farkli seviye
belirlendi. Taguchi Lg deney tasarimina dayali olarak EDM testleri yapilmis ve performans
gostergesi olarak boyutsal dogruluk analiz edilmistir. EDM deneylerinde elde edilen kama
yuvasinin boyutsal 6l¢ctimleri GLOBAL klasik model koordinat 6l¢ciim makinesi (CMM) ile
yapilmistir. Kama yuvasinin derinligi, genisligi ve uzunlugu boyutsal dogruluk kriteri olarak
alinmustir.

3. DENEYSEL SONUCLAR VE ANALIZ

Dalma EDM ile semente karbiir (WC-Co) malzeme tizerinde yapilan deneyler sonucunda CMM
cihaz1 ile yapilan kama yuvasinin boyutsal Slgtimleri DIN 6885 normuna gore kontrol
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edilmistir. Bu baglamda, kama kanalina ait uzunluk, genislik ve derinlik 6l¢iim sonuglarinin
grafikleri Gorsel 2-4'te verilmistir.

Deneylerde kullanilan WC-Co ¢ubuga gore se¢ilen kama yuvasi boyutlarina gore derinlik (D)
tolerans1 DIN6885 standardinda +0.1 olarak belirtilmistir. Gorsel 2'de her isleme parametresi
seti i¢in hedef degere (3 mm) ulasilamadig1 goriilmektedir. Bu derinlik sapmalarinin isleme
proses ¢iktilarindan (dokiintii, yapisma, sert tabaka vb.) ve/veya isleme parametrelerine bagl
olarak degisen takim asinmasindan kaynaklandigi diistiniilmektedir. Darbe siiresindeki artisin
elektrot aginmasini Onleyen karbon tabakasinin olusumuna yardimci oldugu bilinmektedir.
Darbe aralidi ise isleme sirasinda dielektrik ig¢erisine karisan elektrot partikiillerini ve kalintilari
temizleyerek stabil bir igsleme kosulu saglar [14]. Ancak desarj akimi yiiksek oldugunda darbe
enerjisi artar ve isleme yiizeyindeki yiiksek sicaklik ve elektron hareketliligi daha hizli takim
asimmmasina neden olur [15]. Sonug¢ olarak standart kama yuvasi derinligine en yakin deger
Ip=6A, Ton=100ps, Toff=60us deney setinde 2.484 mm olarak 6lgiilmiistiir. Olgiilen bu deger
ile hedeflenen kama yolu genisligi arasindaki fark %17.2 olarak hesaplanmigtir. Bu
degerlendirmelere gore istenilen derinlik degerine ulasabilmek i¢in takim aginma miktarinin
Olgiilmesi ve fark degeri kadar derinlik uygulanarak EDM isleminin tekrar yapilmasi
gerekmektedir.

Ip Ton Toff
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Gorsel 2. Derinlik icin etki grafigi

Ikinci asamada, kama yuvasi genisliginin (W) isleme parametrelerine gore degisimi analiz
edilmistir. WC-Co ¢ubuk ¢apina bagli olarak kama genisligi DIN6885-1 normunda belirtilen
Js9 toleransina gore sekillendirilir. Gorsel 3 incelendiginde, kama genisliginin istenilen degerde
(5 mm) elde edilemedigi goriilmektedir. Hedeflenen kama yuvasi genisligine en yakin deger
Ip=6A, Ton=100ps, Toff=60us deney setinde 5.068 mm olarak 6l¢iilmiistiir. Olgiilen bu deger
ile hedeflenen kama yolu genisligi arasindaki fark %1.36 olarak hesaplanmistir. Hedeflenen
genislikten sapma %1.36-2.28 araliginda degismektedir. Hedef ve Olgiilen genislikler
arasindaki farklar, elektro-erozyon mekanizmasinin genel prensiplerinden biri olan plazma
kanali genislemesine baglanmaktadir [16]. Gorsel 3'te goriildiigi gibi yiiksek darbe siiresi ve
desarj akimi degerlerinde artan plazma kanal (bosluk) ¢apina paralel olarak kama yuvasi
genisligi artmistir. Ote yandan, darbe aralig1 arttikga kama yuvasi genisligi azalmis olup, bu
talaglarin daha iyi uzaklastirilmasiyla istikrarli ark olusumuna atfedilmistir.
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Gorsel 3. Genigslik icin etki grafigi

Son olarak kama yuvasi uzunlugu (L) incelenmis olup, isleme parametrelerine gore degisimi Gorsel 4'te
verilmistir. Seg¢ilen kama yuvasi boyutu i¢in standarda gore uzunluk toleranst +0.2-0.0 mm
araligindadir. Gorsel 4'ten goriilebilecegi gibi, L degerleri isleme setinin biiyiik bir kisminda toleranslar
dahilindedir. Hedeflenen kama yuvasi uzunluguna en yakin deger Ip=12.5A, Ton=100uys,
Toff=15us deney setinde 19.99 mm olarak Ol¢lilmiistiir. Hedeflenen uzunluktan en biiyiik
sapma %0.44 olarak hesaplanmis olup, bu deger isleme parametrelerinin en kiiclik oldugu
seviyelerde Olc¢lilmiistiir. Bu, kama yuvasi genisligini olusturan genis takim yiizey alani1 nedeniyle
kivileim miktarindaki artisa ve yogun dokiintii olusumuna baglanmaktadir [17]. Ote yandan L’nin bazi
isleme kosullarinda 20 mm'den az oldugu 6l¢iilmiistiir. Bu sonucun nedeni, diisiik darbe siiresi ve yiliksek
darbe araliginda is pargasi yiizeyinde birim zamandaki kivilcim yogunlugunun azalmasidir. Boylece
daha az erime ve buharlagsma islemleri, ¢ikarilan malzeme miktarinin azalmasina bagli olarak boyutlarda
sapmalara neden olmustur. Bu sonuglar, elektrot geometrisi ve dolayisiyla bosalim yiizey alanina gore
asinma miktarlarinin degistigini gostermektedir.

Ip Ton Toff
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Gorsel 4. Uzunluk icin etki grafigi

Isleme parametrelerinin boyutsal tamlik kriterleri iizerindeki etki seviyelerini belirlemek i¢in varyans

analizi uygulanmustir (Cizelge 1). Cizelge 1’e gére, D ve W 0dlg¢iilerinde en etkili parametre bosalim

akimi (Ip) olurken, L 6l¢iistinde bu parametre vurum aralig1 (Toff) olarak belirlenmistir.
Cizelge 1. Isleme ciktilar1 icin ANOVA
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Parametre DF SS MS F PCR
Derinlik

Ip 2 0.32866  0.16433 1.92 38.03

Ton 2 0.31076  0.15538 1.82 35.96

Toff 2 0.05396  0.02698 0.32 6.24

Hata 2 0.17089  0.08545 19.77

Total 8 0.86427 100
Genislik

Ip 2 0.000972 0.000486 2.54 49.50

Ton 2 0.000498 0.000249 1.3 25.35

Toff 2 0.000111 0.000055 0.29 5.65

Hata 2 0.000383 0.000191 19.50

Total 8 0.001964 100
Uzunluk

Ip 2 0.001662 0.000831 0.24 14.32

Ton 2 0.00014  0.00007 0.02 1.21

Toff 2 0.00275 0.001375 0.39 23.7

Hata 2 0.007052 0.003526 60.77

Total 8 0.011602 100

4. SONUC VE ONERILER

Semente karbiir malzemeye EDM ile agilan kama yuvasi Olgiilerine isleme parametrelerin

etkilerinin arastirildig1 bu ¢aligmada elde edilen sonuclar asagida 6zetlenmistir.

- Istatistiksel analizler sonucunda, derinlikte olusan sapma degerleri, genislik ve uzunluk
Olctilerindeki sapma degerlerinden daha biiyiik oldugu goriilmiistiir. Bu sonug, elektrotun
alin yiizeyden daha fazla aginmasina atfedilmistir.

- ANOVA sonuglarma gore, D ve W dl¢iilerinde sirastyla %38.03 ve %49.5 PCR degeriyle
en etkili parametre bogalim akimi (Ip) olurken, L dl¢iisiinde bu parametre vurum aralig
(TofY) olarak belirlenmistir.

- EDM uygulamalarinda elektrot profili ylizeylerine gore asinma miktarlarinin degistigi
gorilmiistiir.
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YUKSEK YOGUNLUKLU POLIETIiLEN (HDPE) PLASTIK ATIKLARIN SERYUM
DIOKSIT ILE YENI BiR POLIMER NANOKOMPOZIT OLARAK YENIDEN
KULLANILMASI
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OZET

Yeni bir polimer nanokompozit {iretmek igin yiiksek yogunluklu polietilen (HDPE) plastigin
seryum dioksit (CeOy) ile yeniden kullanimi gergeklestirildi. Bu nanokompozit bazi ambalaj
malzemelerinin tiretiminde bilesen olarak kullanildi. HDPE-CeO nanokompozitinin mikro
yapisi, taramali elektron mikroskobu (SEM) analizi, enerji dagilimli X-1sin1 spektroskopisi
(EDS) analizi ve X-1ismm1 kirmimmi (XRD) analizi ve Termogravimetrik analiz (TGA) ile
karakterize edildi. HDPE ve CeO konsantrasyonlarinin, zaman, sicaklik ve nanokompozit
konsantrasyonlarinin ambalaj malzemesinin fiziksel ve termal ozelliklerine etkisi arastirildi.
Artan giines 15181 giicliniin (9, 15, 25, 30 ve 40 W/m?), fotooksidasyon stiresinin (10 dk, 20, 30
ve 40 dk), pH'n (6.0, 7.0 ve 8.0), sicakligin (22°C, 35°C ve 45°C) etkileri, seryum dioksit (2,
4, 6, 8 ve 10 mg/l) ve yliksek yogunluklu polietilen (HDPE) (100, 200, 500, 800, 1000, 1200
ve 1400 mg/l) konsantrasyonlarinin fotodegradasyona etkisi HDPE verimleri arastirildi.
Nanokompozitin ylizey Ozellikleri XRD, SEM ve FTIR analizleri ile arastirildi. HDPE'nin
maksimum 1s1kla bozunma verimi (%99) igin optimum calisma kosullar1 30 W/m? UV giicii,
30 dakika 1g1kla bozunma siiresi, pH=8.0, 35°C sicaklik, 2 mg/l CeO2 nanokompozit ve 1200
mg/l HDPE konsantrasyonuydu.

Anahtar Kelimeler: Yiiksek Yogunluklu Polietilenin (HDPE) Geri Dontiigiimii, Plastik atiklar,
Seryum dioksit, Polimer nanokompozit.
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REUSE OF HIGH-DENSITY POLYETHYLENE (HDPE) PLASTIC WASTES WITH
CERIUM DIOXIDE AS A NEW POLYMER NANOCOMPOSITE
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ABSTRACT

Reuse of high-density polyethylene (HDPE) plastic with cerium dioxide (CeO.) was performed
to produce a new polymer nanocomposite. This nanocomposite was used as a component in the
producing of some packaging materials. The microstructure of the HDPE-CeO nanocomposite
was characterized by scanning electron microscopy (SEM) analysis, energy dispersive X-ray
spectroscopy (EDS) analysis and X-ray diffraction (XRD) analysis and Thermogravimetric
analysis (TGA). The effects of HDPE and CeO concentrations, time, temperature and
nanocomposite concentrations on the physical and thermal properties of the packaging material
was investigated. The effects of increasing sun light power (9, 15, 25, 30 and 40 W/m?),
photooxidation time (10 min, 20, 30 and 40 min), pH (6.0, 7.0 and 8.0), temperature (22°C,
35°C and 45°C), cerium dioxide (2, 4, 6, 8 and 10 mg/l) and high-density polyethylene (HDPE)
(100, 200, 500, 800, 1000, 1200 and 1400 mg/l) concentrations on the photodegradation yields
of HDPE was investigated. The surface properties of the nanocomposite was investigated by
the XRD, SEM and FTIR analysis. For maximum photodegradation yields of HDPE (99%) the
optimum operational conditions were 30 W/m? sun light power, 30 min photodegradation

duration, pH=8.0, 35°C temperature, 2 mg/l CeO, nanocomposite and 1200 mg/l HDPE
concentration.

Keywords: Recycling of High-density Polyethylene (HDPE), Plastic wastes, Cerium dioxide,
Polymer nanocomposite.
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1. INTRODUCTION

Environmental sustainability is very important to protect the natural resources and meet the
quality standards given by authorities (Goodland, 1995). Sustainability is utilized while a
resource is depleted or damaged. There are a lot of procedures providing the sustainability ratio
or percentages (Vezzoli, 2018). Three main sustainability procedures are extensively used
namely reducing, reusing and recycling. These main rules is used to detect and plan the
priorities to protect the environment and natural sources. It is very important to minimize the
wastes generated from municipalities and from industries. Therefore, the aim should be to
produce the minimal waste by by reusing of raw materials with high economical merits. By
reusing the wastes energy can be saved. This lowered the greenhouse emissions to the
environment. By developing renewable energy procedures and technologies the wastes should
be reused again to minimize the treatment cost. Recycling is a procedure containing removing
of waste it is generated, unless it can be reusing. Recycling waste which is going to be sent to
landfill can be converted into new or raw substances. An effective recycling can be carried out
by grouping of wastes according to raw substances. The waste of a treated substance can be
transformed into a completely new version of the used substrate. For example, from used glass
reactors new glass reactors can reused or recycled (Mayr and Varvakis, 2008; Veiga et al., 2008;
Kumar et al., 2011; Mabhat et al., 2016; Palmeira and Musso, 2020).

Plastic materials can be extensively used in every field (YYang et al., 2005; Mayr and Varvakis,
2008). Plastic were advantageous raw material which can be easily processed and can be
converted into many products (Dinesh et al., 2016; Botha et al., 2023). The plastic materials
can be used as co-material in the building and construction industries. Plastic wastes not only
harmfull to the environment they also cause adverse health problems by affecting the residents,
touristic and rainwater distributing processes (Abota, 2012; Kumi-Larbi Jnr et al., 2018).
Therefore, it is very important to prevent plastic pollutions from uncontrollable limits. A current
and utilizable "plastic waste management system™ must be taken into consideration (Khangale
et al., 2020). The problems cause to the environmental and health problems originated from
plastic wastes was increased in world wide (Adeniran and Shakantu, 2022). Approximately
12,000 m? tonnes of plastic waste will be generated by 2050. Now, the plastic wastes was
disposed inappropriately in landfills and in environments (Geyer et al., 2017). This indicates
that a very important environmental problem was detected in a global scale due to accumulation
oplastics and not biologically degradable plastics (Godfrey and Oelofse, 2017; Godfrey and
Oelofse, 2017). Disposal of plastic waste causes air pollution since they cannot biodegraded in
the environment and can emit toxic gases when burned. This cause to serious environmental
problems ending with a life-threatening risk to living organisms and humans (Verma et al.,
2016; Jain et al., 2020).

High-density polyethylene (HDPE) polymer is extensively used due to its structure, durability
and versatile utilization in different applications (Saiprasad and Nagendra, 2019). The
thermoplastic HDPE is used extensively at different sites like plastic bottles, shampoo bottles,
cutting boards and pipes. Many researchers mentioned that the modification of HDPE plastics
using different metal oxides such as CaCOgz (Gorna et al., 2008; Sahebian et al., 2009; Yuan et
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al., 2010; Mohamed et al., 2011), clay (Minkova and Filippi, 2011; Moussa et al., 2021), fiber
(Yemele et al., 2010), rice (Ahmad et al., 2012), Cu-nanofiber (Grigoriadou et al., 2013),
titanium dioxide (TiO2) (Olmos et al., 2009; Dong et al., 2011), and nickel (Ni) (Krupa et al.,
2013). Thermoplastic plastics due to their special properties like resistance to corrosion, low
density and high strength they are more advantageous compared to aluminum (Al) and other
metals (Mano, 2003; Mishra et al., 2005; Schulz, 2006; Van Krevelen and TeNijenhuis, 2009;
Turi, 2012). Plastic waste generates high environmental pollution and contributes affect
negatively the aquatic ecosystem (Derraik, 2002; Silviyati et al., 2020; (Elloumi et al., 2018).
Incorporation of recycled HDPE plastics into buildings and construction contributes
significantly to mechanical strength (Grady, 2021; Silviyati et al., 2020. By binding of these
plastics to nanocomposites provides good disposal and minimize the plastic pollution (Suganya
etal., 2018).

Cerium oxide (CeQy) is a ionic semiconductor with a band gap energy of 3.12 eV (Prabaharan
et al., 2016). CeO: is a promising sensing material with significant advantages such as large
surface area, redox properties, chemical inertness, non-toxic and biocompatibility advantageous
(Irinel et al., 2013; Sangili et al., 2018). The strongly acidic regions on the surrounding of CeO>
nanoparticles provides their use extensively in catalytic and photocatalytic proceseses (Manoj
etal., 2021). CeO2 nanocrystal has the fluorite crystal structure with space group Fm3m and the
cell parameters of 0.5411 nm (a=b=c). In the CeO2 unit cell, each Ce** is coordinated with
eight adjacent O%" to form an octahedral interstitial, and each O* is coordinated with four
adjacent Ce* to form a tetrahedral unit (Aneggi et al., 2020). The unfilled 4f orbital and
abundant electronic energy levels endow CeO: to have a great potential in catalysis. The
electronic structure of Ce is [Xe] 4f5d'6s?, where Ce®* and Ce** are able to exist steadily and
convert to each other easily. The multivalence property of CeO2 will offer the opportunity to
generate strong interactions with other components in catalysts and thereby enhance the
performance of electrocatalysts and photocatalysts (Bellardita et al., 2020). In addition, the
unique crystal structure and reversible valence characteristics of CeO> enable the formation of
oxygen vacancies to generate a defect-rich structure, which determines the excellent catalytic
performance. Oxygen vacancy, derived from Ce*" to Ce® reduction conversion or lattice
oxygen migration, has a great influence on the electronic and chemical properties of CeO,. In
the catalysts, oxygen vacancy not only anchors active component nanoparticles or clusters but
also regulates the electronic structure of catalysts (Kabir et al., 2020). It also has impact on the
bandgap, light-harvesting, and electron—hole pair recombination of catalysts, which closely
related to photocatalytic activity. Moreover, the high stability of CeO in both acidic and
alkaline environments is also favored to electrocatalytic process. Based on the unique physical
and chemical properties of CeO., tuning the size, structure, and exposed crystal planes is a
promising strategy to construct the high-efficient CeO.-based electrocatalysts and
photocatalysts. This field is developing rapidly and a timely review on both electrocatalysts and
photocatalysts in energy conversion is great of meaningful (Huang et al., 2020). In
photocatalysis, holes (h*) and electrons (e”) are separated to drive oxidation and reduction
independently. The fast recombination of the h* and e has become a major challenge to provide
effective materials in photocatalysis. To overcome this, defects in materials have been helpful
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and showed excellent responses (Castano et al., 2020; Finny et al., 2020; Shcherbakov et al.,
2020).

HDPE has very important application areas as an engineering material due to its excellent
properties such as very low relative permittivity (er 4 2.6 at 1 MHz), low dielectric loss (tan d
%4 104 at 1 MHz), good chemical resistance, and insulating properties. HDPE plastic materials
appear in a wide variety of usage areas in our daily lives. It can be produced in a wide variety
of features depending on the place of use; It further increases the use of HDPE materials. One
of the advantages of HDPE materials is; They have higher chemical resistance compared to
metals. On the other hand, some change in mechanical properties can be observed as a result of
thermal effects. Detecting and revealing these mechanical properties is also of great importance.
Ghanadi and Padhye, (2024) investigated the effect of boron nitride content, particle size of
HDPE and temperature on the thermal conductivity of HDPE-boron nitride nanocomposites
(NCs). Wan et al., (2023) reported the influence of material parameters and processing
conditions on the foam morphologies and mechanical properties of HDPE clay NCs. However,
in electrical applications, Ceria (CeO2) has been observed to have good dielectric and thermal
properties (Golmohammadi et al., 2023). CeO> has a relative permittivity of 23, dielectric loss
is less than 0.0001 at 7 GHz, and has polymer NCs. CeO»-filled HDPE for high frequency
applications; The possibility of using it as a substrate material was investigated for the first time
(Golmohammadi et al., 2023).

In this study, the reuse of HDPE plastics with CeO2 was examined to produce a new polymer
nanocomposite. The microstructure of the HDPE/CeO2, NCs was characterized by SEM, EDS,
XRD and TGA analyses. The effects of increasing sun light power (9, 15, 25, 30 and 40 W/m?),
photooxidation time (10 min, 20, 30 and 40 min), pH (6.0, 7.0 and 8.0), temperature (22°C,
35°C and 45°C), CeO: (2, 4, 6, 8 and 10 mg/l) and HDPE (100, 200, 500, 800, 1000, 1200 and
1400 mg/l) concentrations on the photodegradation yields of HDPE was investigated. The
surface properties of the HDPE/CeO2 NCs was investigated by the XRD, SEM and FTIR
analysis.

2. EXPERIMENTAL STUDIES
2.1. Preparation of HDPE/CeO2 NCs

HDPE particles were mixed with CeO2 under a pressure of 10 MPa and at a temperature of
240°C for 20 min. The dimensions of the disk samples are 32 mm in diameter and 9 mm in
height, respectively. All disk samples were polished before the test in order to obtain a smooth
surface with a roughness of about 109 nm (VK-X1000, KEYENCE, Japan). The SisN4 ball with
10 mm diameter was chosen as a friction pair in this study because it has excellent wear
resistance compared with softer materials during friction and has few effect on the tribological
performances of polymers. The SisN4 ball had a mean Sa of approximately 40 + 10 nm
(VKX1000, KEYENCE, Japan).

2.2. Aging Treatment
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Disc samples subjected to aging after production; surface polishing process was applied. The
samples were placed in the incubator and the aging temperature was set at 80°C (Dai et al.,
2017). After aging treatment, the HDPE before and after aging was tested by XRD.

2.3. Experimental Apparatus and Sliding Wear Tests

All sliding friction tests were carried out on a commercial wear test apparatus (MFT-5000,
RTEC, USA). CeO; ball was maintained stationary at top, the specimens were driven with 10
mm reciprocating stroke by a reciprocating motor. The constant load of 40 N and constant
reciprocating frequency of 1 Hz (0.021 m/s) were set. The modified HDPE with 0.0%, 0.1%,
0.2%, 0.3%, 0.4%, 0.5% and 1.0% CeO> were chosen to investigate the effects of mass content
of CeO, on HDPE tribological properties under waterlubricated conditions, and the
experimental period was 1200 seconds (20 min). To investigate the dependence of aging time
on wear behavior; Different aging periods of 0 days, 5 days, 10 days, 15 days, 20 and 25 days
were set. All tests were repeated three times to ensure the universality of the experimental
results, and the new CeO ceramic ball and disk sample were used before each new test.

2.4. Photodegradation Measurements
The samples were equipped with an AM 1.0 global (G) air mass filter to remove infrared
radiation; then irradiated with a sunlight simulator (Newport/Oriel Sol3A Class AAA Solar
Simulator, Model 94043A, 150 mW/cm?) equipped with a water filter.

2.5. Physicochemical Characterization
The surface topographies of the tested samples were examined using Confocal Laser Scanning
Microscope (CLSM) (VX-X1000, KEYENCE, Japan) and the micromorphology of the samples
was examined and observed. The morphological features and structure of the synthesized
catalyst were investigated by SEM (FESEM, Hitachi S-4700). To investigate the composition
of the elements, present in the synthesized HDPE/CeO> NCs; SEM images were used.To
investigate the morphological properties and structure of the synthesized catalyst and the
composition of the elements present in the synthesized catalyst; an EDS spectrometry
instrument (TESCAN Co., Model 111 MIRA) was used.Powder XRD patterns were recorded on
a Shimadzu XRD-7000, Japan diffractometer using Cu Ko radiation (A = 1.5418 A, 40 kV, 40
mA) at a scanning speed of 1° /min in the 10-80° 26 range. Raman spectrum was collected with
a Horiba Jobin Yvon-Labram HR UV-Visible NIR (200-1600 nm) Raman microscope
spectrometer, using a laser with the wavelength of 512 nm. The Raman spectrum was collected
from 10 scans at a resolution of 2 /cm. The zeta potential was measured with a SurPASS
Electrokinetic Analyzer (Austria) with a clamping cell at 300 mbar. The FTIR spectra of
samples was recorded using the FT-NIR spectroscope (RAYLEIGH, WQF-510). Experimental
HDPE/CeO2 NCs samples were scanned using infrared light, and their chemical properties were
measured in FTIR spectra. HDPE/CeO> NCs were examined by TGA and DSC analyzes
performed using a Mettler TGA/SDTA 851e (Columbus, Ohio, OH, USA) instrument. 5 mg
samples were heated from room temperature (25°C) to 700°C in an N2(g) atmosphere at heating
rates of 10°C/min., 15 and 20°C/min. Then, TGA and DSC analyzes were performed
simultaneously. TGA was conducted on the samples to observe the mass loss with an increase
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in temperature, utilizing a ramping rate of 10°/min with N2(g) as the test environment. DSC was
employed to quantify the energy absorbed or dissipated during the testing of the samples.
Mettler Toledo Star Software was used for evaluating the data. The experiments were repeated
three times and the average values of the parameters were taken to ensure the best fit and
standard deviations.

3. RESULTS AND EVALUATION
3.1. Coefficients of friction (COF) of HDPE/CeO2 NCs

Image 1(a) displayed the COF curves of the HDPE composites with different mass contents of
CeO nano-fillers at 1 Hz and 40 N for 1200 s. While the COF of pure HDPE was around 0.056,
after changing the COF curve with 0.1% CeO,, the COF of HDPE decreased to about 0.05.
Besides, with the mass content of CeO; increased, the composite’s COF values fell down and
reached to 0.039 in 0.5% modification of CeO2, but the COF marginally climbed to 0.041 since
be added 1% CeO>. In addition, the average COF results were displayed in Image 1(b) by
averaging the whole COF values in the testing period. It was observed that the average COF of
HDPE composites decreased to the minimum value at 0.039 at 0.5% CeO, modification, then
showed a slight increase and increased up to 0.042 at 1% CeO2 modification. The results shown
here can prove that the addition of CeO2 will sharply reduce the COF behaviors of HDPE
composite; Here, it was observed that there was a maximum COF reduction of 33% compared
to the COF value of pure HDPE.

0.07

007
0.06 HDPE w 006
N N S
3 2 ont
o 0.05 HDPE/Ce02(0.1%wt) & 0.05
Q ]
0.04 (VRPN < 004
HDPE/Ce02(0.5%wt)
003 * 003
0 400 800 1200 0 01 02 03 04 05 1
Time (s) Mass content of CeO,(%)
(@ (b)

Image 1. The results of COF curves of (a) four different HDPE composites [pure HDPE,
HDPE/CeO2(0.1%wt), HDPE/CeO,(0.5%wt), HDPE/CeO2(1%wt), and (b) Average COFs of

modified HDPE composites with different mass contents of CeO,.

3.2. SEM Analysis Results
Image 2(a) showed that after 10 min of photooxidation time, the wear surface of the composite
modified with 1% CeO> had obvious wear and deformation on the surface. In Image 2(b), it is
seen that after 20 min of photooxidation time, the wear and deformation on the wear surface of
the composite modified with 1% CeO, became more obvious. When the photooxidation time
reached 30 min, the crack and deformation on the surface of the 1% CeO> modified composite
were very severe, as shown in Image 2(c). As a result, the COF value also increased. When the
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photooxidation time reached 40 min, the plough on the surface became more obvious as shown
in Image 2(d), resulting in the COF increasing slightly further. It can be seen from Image 2 that
the surface deformation of the material was alleviated by the modification treatment to a certain
extent, but the plough on the material surface increased. An appropriate modification ratio could
reduce the wear degree of friction surface.

(c) (d)
Image 2. SEM Results of HDPE/CeO- NCs for the Surface Deformation of the Material after (a)

10 min, (b) 20 min, (c) 30 min, and (d) 40 min Photooxidation Times, respectively. (SEM image
size: 100 pm).

HDPE composites composed with CeO. were manufactured and tested on a commercial tribo-
tester. The results showed that the CeO> NPs had a significant effect on the anti-aging property
of HDPE and affected its tribology properties. Compared with the pure HDPE, CeO> NPs could
reduce the COF after aging, and the COF reduction rate reached maximum to 60% after aging
for 25 d. CeO2 NPs reduced the internal molecular chain breaks of the modified polymer under
aging conditions, which also slowed down the decreasing trends of the typical physical
properties of the polymer. The tribology properties of the modified polymer were improved by
CeO2 NPs compared to pure HDPE and were finally described as reinforcement model.

3.3. EDS Analysis Results
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The EDS analysis was used to confirm the presence of CeO: in the HDPE composite and the
result is shown in Image 3. The EDS curves shown in Image 3 could be used as supplement to

prove the above results, in which displayed the typical elemental peaks of Ce and O on the
curve.

Energy(KeV)
Image 3. EDS Spectra of HDPE-CeO, NCs and HDPE composites

3.4. XRD Analysis Results

Image 4 proved that the typical peak (111) in XRD curve individually belonged to the CeO: in
the HDPE composite. The characterization peaks were measured at 20 values of 29.70° and
36.82°, respectively, corresponding to the (120) and (102) planes of implying HDPE composite
with photodegradation process for HDPE removal after 30 min photooxidation time (Image 4).
The characterization peaks were obtained at 20 values of 28.08°, 30.22°, and 37.75°
respectively, corresponding to the (110), (021), and (220), respectively, implying CeO2 NPs
with photodegradation process for HDPE removal after 30 min photooxidation time (Image 4).
The characterization peaks were found at 20 values of 28.27°, 30.36°, and 38.11°, respectively,
corresponding to (011), (111), and (202), respectively, implying HDPE/CeO2 NCs with
photodegradation process for HDPE removal after 30 min photooxidation time (Image 4).
Above tested results could verify that the CeO2 NPs existed in the HDPE composite (Image 4).
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Image 4. XRD Patterns of HDPE/CeO; NCs, CeO, NPs and HDPE composites

3.5. TGA and DSC Analyses Results

The recycled HDPE composites appeared to be thermally stable in its structure and weight until
390°C in Image 5. The HDPE composites began to lose weight gradually after 390 until 450°C.
There was a sudden and significant decrease in weight from 450 to 500°C. The major loss of
weight in HDPE composites was noticed in the temperature range of 390-500°C where over
90% of its weight was decomposed (Image 5). One of the reasons for this change could be the
burning of the HDPE composites. Two main endothermic peaks were identified at 135 and
485°C due to the plastic melting and burning (Image 5). These observations were similar to the
studies conducted by Sustaita-Rodriguez et al. (2019) and Chrysafi et al. (2022).
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Image 5. TGA and DSC Analyses Result of HDPE composites

Image 6 shows the thermal profile of the CeO, NPs which was conducted at 1000°C. A small
percentage (0.16%) mass of CeO, NPs was lost between 0°C and about 125°C as a result of
water evaporation. The greatest loss of weight in the CeO> NPs of 0.31% was recorded in the
temperature range of 230-660°C and a clear multistage decomposition process was noted
(Image 6). This may have resulted due to some impurities in the CeO2 NPs for example salts,
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and organic matter. At nearly 665°C, the weight of the CeO2 NPs began to stabilize and lose
weight slowly as the temperatures increased. The CeO2 NPs was thermally stable up to 1000°C
since only 0.53% of its mass was lost (Image 6). It was observed that there was one endothermic
reaction at 45°C which could be as a result of water vapor (Meradi et al., 2015).
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Image 6. TGA and DSC Analyses Result of CeO; NPs

Both TGA and DSC analysis measurements provide valuable and guiding information about
specific end-use application, predict product performance, and improve product quality. This
technique is mainly used to estimate the thermal stability and to estimate the lifetime of the
product (El-shazly et al., 2020).

3.6. FTIR Analysis Results

The FTIR spectrum of HDPE/CeO, NCs were determined after photodegradation process for
HDPE composites removal (Image 7). The main peaks of FTIR spectrum for CeO2 NPs was
observed at 3654 cm™, 1633 cm™, 1325 cm™ and 617 cm™ wavenumber, respectively, after 30
min photooxidation time for HDPE composites removal (Image 7a). The main peaks of FTIR
spectrum for HDPE/CeO> NCs was obtained at 3657 cm™, 2980 cm™, 1620 cm™!, 1250 cm,
1129 cm’!, 1050 cm™, 816 cm™ and 613 cm' wavenumber, respectively, after 30 min
photooxidation time for HDPE composites removal (Image 7b).
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Image 7. FTIR spectrums of (a) CeO, NPs and (b) HDPE/CeO; NCs
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3.7. Effect of some Operational Conditions on the Removal HDPE under
Photodegradation Process
The effects of increasing sun light power, photooxidation time, pH, temperature, CeO, and
HDPE concentrations on the photodegradation yields of HDPE was investigated with
HDPE/CeO, NCs under photodegradation process (Chart 1).

Chart 1. Operational Conditions with HDPE/CeO; NCs under Photodegradation Process

Operational Conditions
Parameters Units Values
Sun light power Wim?| 9 15 | 25 | 30 | 40
Photooxidation time min 10 | 20 | 30 | 40
pH 6.0 | 7.0 | 8.0
Temperature T(C)| 22 | 35 | 45
Cerium dioxide (CeOy) mg/I 2 4 6 8 10
conc.
HDPE conc. mg/l | 100 | 200 | 500 | 800 | 1000 | 1200 | 1400

3.8. Effect of Sun Light Power on
HDPE/CeO2 NCs
Effect of increasing sun light powers (9, 15, 25, 30 and 40 W/m?) on the HDPE
photodegradation yields were examined with HDPE/CeO> NCs (Chart 2). 54%, 72%, 80% and
97% HDPE photodegradation yields were detected with HDPE/CeO2 NCs for 9 W/m?, 15
W/m?, 25 W/m? and 40 W/m? sun light powers, respectively (Chart 2). Maximum 99% HDPE

photodegradation removal efficiency was observed under photodegradation process with 2 mg/I
HDPE/CeO2 NCs at 30 W/m? sun light power (Chart 2).

HDPE Photodegradation Yields with

Chart 2. Effect of Sun Ligth Power on HDPE Photodegradation Yields with HDPE/CeO», NCs
Sun Light Power (W/m?) | HDPE Removal Efficiency (%)

9

54

15

72
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25 80
30 99
40 97

The performance of photocatalytic degradation of HDPE plastics with 2 mg/| HDPE/CeO2 NCs
significantly depends on the energy provided by irradiation of light. As a result of energy
provided by irradiation, positive holes and electrons are formed in the valence band and
conduction band of the photocatalysts. The formation of positive holes and electrons can only
be produced when the energy of radiations is greater than or equal to the band gap energy of
the photocatalysts. The intensity of radiation plays an important role in photocatalytic
performance. In our study, the maximum 99% HDPE photodegradation yields was detected
under photodegradation process with HDPE/CeO2 NCs at a sun light power of 30 W/m? (Chart
2).

3.9. Effect of Photooxidation Time on HDPE Photodegradation Yields with
HDPE/CeO2 NCs
Effect of increasing photooxidation times (10 min, 20 min, 30 and 40 min) on the
photodegradation yields of HDPE was investigated with 2 mg/l HDPE/CeO2 NCs (Chart 3).
80%, 95% and 98% HDPE photodegradation yields were obtained with 2 mg/l HDPE/CeO;
NCs for 10 min, 20 min and 40 min photooxidation times, respectively (Chart 3). 99%
maximum HDPE photodegradation removal efficiency was observed HDPE/CeO, NCs at 30
min photooxidation time (Chart 3).

Chart 3. Effect of Photooxidation Times on HDPE Photodegradation Yields with HDPE/CeO:

NCs
Photooxidation Time (min) | HDPE Removal Efficiency (%0)
10 80
20 95
30 99
40 98

It has been found that during the first 10 min irradiation, the degradation rate was not high,
reaching 99% after 30 min irradiation. Then, the degradation rate remained as in at 30 min. The
large degradation rate at the start of the process is caused by the optimum amount of the
HDPE/CeO2 NCs (2 mg/l) on the surface of the nanocomposite. The photodegradation rate is
then reduced after 40 min irradiation time because of phocatalyst consumption.

3.10. Effect of pH on HDPE Photodegradation Yields with HDPE/CeO2 NCs
Effect of increasing pH values (6.0, 7.0 and 8.0) on the photodegradation yields of HDPE with
2 mg/l HDPE/CeO2 NCs was investigated (Chart 4). 76% and 85% HDPE photodegradation
yields were measured with 2 mg/| HDPE/CeO2 NCs at pH=6.0 and pH=7.0, respectively (Chart
4). 99% maximum HDPE photodegradation removal yield was obtained with 2 mg/l
HDPE/CeO2 NCs at pH=8.0 (Chart 4).
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Chart 4. Effect of pH on HDPE Photodegradation Yields with HDPE/CeO, NCs

pH Values | HDPE Removal Efficiency (%)
6.0 76
7.0 85
8.0 99

The pH of HDPE plastics is also an important factor affects the photodegradation performance.
The pH of HDPE plastics significantly affects the electrostatic interactions between
HDPE/CeO, NCs and HDPE plastics during photodegradation process. The maximum HDPE
photodegradation yield was detected at pH=8.0 as 99% with 2 mg/l HDPE/CeO> NCs (Chart
4). The effect of pH on the photocatalytic reaction can be explained by the surface charge of
HDPE/CeO, NCs. Under acidic conditions, surface of HDPE/CeO, NCs is positively charged.
HDPE plastics were adsorbed to the surface of HDPE/CeO, NCs, thus strongly allowing
hydroxyl radicals (OH*®) to more easily attack the HDPE plastics. The higher HDPE vyield was
obtained at a pH of 6.0. This result could be attributed to more HDPE molecules adsorbtion on
the surface of HDPE/CeO, NCs and reacting with free radicals at lower pH level.

3.11. The Effect of Temperature on HDPE Photodegradation Yields with
HDPE/CeO2 NCs
Effect of increasing reaction temperatures (22°C, 35°C and 45°C) were examined to HDPE
photodegradation yields with 2 mg/l HDPE/CeO> NCs (Chart 5). 82% and 95% HDPE
photodegradation yields were obtained with 2 mg/l HDPE/CeO, NCs at 22°C and 45°C,
respectively (Chart 5). 99% maximum HDPE photodegradation removal yield was found with
2 mg/l HDPE/CeO2 NCs at 35°C (Chart 5).

Chart 5. Effect of Temperature on HDPE Photodegradation Yields with HDPE/CeO, NCs

Temperature (°C) | HDPE Removal Efficiency (%)
22 82
35 99
45 95

The photodegradation process is very sensible to changes in temperature. This correlates with
the results of this study, which shows that high temperature positively affects the
photodegradation yield. The highest temperature did not corresponds to the optimal degradation
rate. For maximum HDPE photodegradation yields the optimum temperature was found to be
as 35°C. This is due to the fact that optimal thermal energy is available for molecules at
optimum temperatures, as well as sufficient energy to react.

3.12. Effect of CeO2 NPs Concentrations on HDPE Photodegradation Yields with
HDPE/CeO2 NCs
Effect of increasing CeO2 NPs concentrations (2 mg/l, 4 mg/l, 6 mg/l, 8 and 10 mg/l) on the
HDPE photodegradation yields was examined with 2 mg/l HDPE/CeO> NCs (Chart 6). 95%,
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86%, 75% and 61% HDPE photodegradation yields were measured 2 mg/l HDPE/CeO> NCs
for 4 mg/l, 6 mg/l, 8 mg/l and 10 mg/l CeO2 NPs concentrations, respectively (Chart 6). 99%
maximum HDPE photodegradation removal yield was observed with 2 mg/l HDPE/CeO2 NCs
(Chart 6).

Chart 6. Effect of CeO2 NPs Concentrations on HDPE Photodegradation Yields with HDPE/CeO:

NCs
CeO2 NPs Concentration (mg/l) | HDPE Removal Efficiency (%0)
2 99
4 95
6 86
8 75
10 61

The concentration of CeO2 NPs greatly affects the performance of photocatalytic degradation
of HDPE plastics. Generally, the rate of a reaction increases with an increase in the
concentration of reactants but the performance of photocatalytic degradation of HDPE
decreases with an increase in the initial concentration of CeO2 NPs due to the following reasons:
As the concentration of CeO2 NPs is increased, the ratio of the active sites of the photocatalyst
to the HDPE/CeO> NCs molecules decreases. As the concentration of CeO2 NPs is increased,
the ratio of OH* radicals to HDPE molecules decreases. The increased concentration of CeO>
NPs results in absorption of light rather than its penetration to the surface of the catalyst. The
maximum HDPE photodegradation yield was detected as 99% at a contant CeO2 NPs
concentration of 2 mg/l with HDPE/CeO2 NCs (Chart 6).

3.13. Effect of HDPE Concentrations on HDPE Photodegradation Yields with
HDPE/CeO2 NCs
Effect of increasing HDPE concentrations (100 mg/l, 200 mg/I, 500 mg/l, 800 mg/l, 1000 mg/I,
1200 and 1400 mg/l) were examined for HDPE photodegradation yields with HDPE/CeO2 NCs
(Chart 7). 46%, 57%, 71%, 84%, 92% and 98% HDPE photodegradation yields were obtained
under photodegradation process with 2 mg/l HDPE/CeO, NCs for 100 mg/l, 200 mg/l, 500
mg/I, 800 mg/I, 1000 mg/l and 1400 mg/l HDPE concentrations, respectively (Chart 7). 99%
maximum HDPE photodegradation removal yield was measured with 2 mg/l HDPE/CeO2 NCs
for 1200 mg/l HDPE concentration (Chart 7).

Chart 7. Effect of HDPE Concentrations on HDPE Photodegradation Yields with HDPE/CeO:
NCs

HDPE Concentration (mg/l) | HDPE Removal Efficiency (%0)
100 46
200 57
500 71
800 84
1000 92
1200 99
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| 1400 98

The photodegradation process is very sensible to the changes in HDPE concentrations. High
HDPE concentrations positively affects the degradation rate. The highest HDPE concentration
did not corresponds to the optimal degradation rate. For maximum HDPE photodegradation
yields the optimum HDPE concentration was found to be as 1200 mg/l. This is due to the fact
that optimal thermal energy is available for molecules at optimum HDPE concentrations, as
well as sufficient energy to react.

3.14. Photodegradation Kinetic Mechanisms
In general, the photodegradation reaction followed the Langmuir—Hinshelwood mechanism and
the reaction was apparently first-order kinetic model. This proposed mechanism was confirmed
by the linear plots of 1/R vs. 1/Co: (Equation 1):
1, = ‘d_‘ic = kC (1)
where; ro: denotes the initial photodegradation reaction rate (mg/l.min), and k: denotes the rate
constant of a first-order reaction. At the beginning of the reaction, t = 0, Ct = Co, the equation
can be obtained after integration as following (Equation 2):

In< = —kt )

Co

where; Co and C : are the initial and final concentration (mg/l) of samples; the solution at t (min)
and k (1/min) are the rate constant.

The pollutants photodegradation rate was found using a pseudo first-order reaction Kinetic
equation (Equation 3):

dc
=2~ Kapt @)

where; Kapp : is the apparent rate constant, Co : is the pollutant concentration before illumination
and C: : is the final concentration of the pollutant at time t.

where, I, is the initial rate of reaction, Kapp is the apparent rate constant for the process, and k
is the photodegradation rate coefficient. A plot of reciprocal initial rate against the reciprocal
of initial concentration gave a straight line.

4. GENERAL EVALUATION AND CONCLUSIONS

In this study, the reuse of HDPE plastic with CeO> was carried out to produce a new polymer
nanocomposite namely HDPE/CeO> NCs to photodegrade HDPE plastics to product a
packaging material. The microstructure of the HDPE/CeO, NCs was characterized by SEM,
EDS, XRD, FTIR and TGA analyses. Higher HDPE removal rates were obtained at acidic pH
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values during photodegradation. At high HDPE, and low CeO> NPs concentrations results with
low OH® productions. This inhibits the electron-hole recombination and it could not act as an
alternative electron acceptor. For 99% maximum HDPE photodegradation yields the optimum
operational conditions were measured as 30 W/m? sun light power, pH=8.0, 35°C temperature,
2 mg/l CeO2 NPs and 1200 mg/l HDPE concentration after 30 min photodegradation duration,
respectively. The results showed that the addition of CeO2 NPs will sharply reduce the COF
behaviors of HDPE/ CeO2, NP composite. A maximum COF reduction of 33% was detected in
HDPE/CeO2 NCs compared to the COF value of pure HDPE composites. The photodegradation
kinetic data was explained well with first-order rate reaction kinetic. The R? values was greater
than 0.90 and the first-order rate constants (k) were determined from the slope of the linear
plots between 1/R vs. 1/Co. Both TGA and DSC analysis measurements showed that the
recycled HDPE composites structure were thermally stable. HDPE/CEO2 NCs is very durable,
can be applied easily, is cost-effective and obtained high photocatalytic efficiencies. It can be
recommended to be used as a potential nanocomposite to reuse the microplastics.
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OZET

Depremler sonrasinda meydana gelen hasarlarin belirlenmesi ve hizli bir sekilde miidahale
edilmesi gerekmektedir. Bu nedenle aragtirmacilar hizli bir sekilde hasar tespiti yapilabilmesi
icin farkli yontemler lizerine ¢alismalar yapmislardir. Uydu goriintiileri kullanilarak yapay zeka
yardimiyla bdlgenin hasar dagiliminin belirlenmesi bu yontemlerden biridir. Deprem oncesi ve
sonrasindaki uydu goriintiileri arasindaki degisimler yardimiyla depremin meydana geldigi
bolgedeki hasar durumlart hizli bir sekilde belirlenebilir. Hasar tespitinin boyle yontemlerle
hizli bir sekilde yapilabilmesi, deprem sonrasi miidahalenin siiresini kisaltmaktadir. Bu
calismada 6 Subat 2023°te meydana gelen Kahramanmaras depremleri sonrasindaki hasarlarin
belirlenebilmesi i¢in uydu goriintiilerinden yararlanilmistir. Caligsma sahasi olarak depremden
etkilenen sehirlerden biri olan Hatay ili Antakya ilgesi belirlenmistir. Antakya i¢in deprem
oncesi ve sonrasi uydu goriintiileri alinarak yapay zeka yardimi ile hasarli bolgeler ve hasar
oranlar1 belirlenmistir. Elde edilen sonuglar farkli tarihlerdeki uydu goriintiileri {izerinden
degerlendirilmistir. Depremin hemen sonrasinda alinan uydu goriintiileri ile 1 y1l sonrasinda
alinan uydu goriintiileri arasinda tespit edilen yapisal hasar oranlar1 arasinda farkliliklar tespit
edilmistir. Bunun nedeninin deprem sonrasinda siire gegtikce acil yikilmasi gereken veya agir
hasarl1 binalarin bdlgeden temizlenmesi oldugu goriilmiistiir. Ayrica elde edilen sonuglar saha
taramasi sonucunda elde edilen hasar tespit oranlari ile karsilagtirilmistir. Tamamen yikilmis
veya acil yiktirilmasi gereken binalarin toplam bina sayisina orani depremin hemen
sonrasindaki uydu goriintiileri sonuglar ile ortiisiirken, agir, orta, acil yiktirilmas: gereken ve
tamamen yikilmig binalarin sayisinin toplam bina sayisina orani ise depremden 1 yil sonra elde

edilen uydu goriintiileri ile yliksek uyum saglamaktadir.

Anahtar Kelimeler: Hasar Tespiti, Uydu Goriintiileri, Yapay Zeka, Deprem.
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DETECTION OF EARTHQUAKE DAMAGE USING PRE AND POST
EARTHQUAKE SATELLITE DATA

Assist. Prof. Dr. OMER FARUK NEMUTLU
Bingol University

ofnemutlu@bingol.edu.tr- 0000-0001-7841-3911

ABSTRACT

Damages occurring after earthquakes need to be identified and intervened quickly. For this
reason, researchers have studied different methods to quickly detect damage. Determining the
damage distribution of the region with the help of artificial intelligence using satellite images
is one of these methods. With the help of changes between satellite images before and after the
earthquake, damage conditions in the region where the earthquake occurred can be quickly
determined. Damage assessment can be done quickly using such methods, which shortens the
duration of post-earthquake intervention. In this study, satellite images were used to determine
the damages after the Kahramanmaras earthquakes that occurred on February 6, 2023. Antakya
district of Hatay province, one of the cities affected by the earthquake, was determined as the
study area. Satellite images were taken for Antakya before and after the earthquake and
damaged areas and damage rates were determined with the help of artificial intelligence. The
results obtained were evaluated on satellite images of different dates. Differences were detected
between the structural damage rates detected between the satellite images taken immediately
after the earthquake and the satellite images taken 1 year later. It was observed that the reason
for this was that as time passed after the earthquake, buildings that needed to be urgently
demolished or heavily damaged were removed from the region. Additionally, the results
obtained were compared with the damage detection rates obtained as a result of field scanning.
While the ratio of buildings that have been completely demolished or need to be demolished
urgently to the total number of buildings matches the results of satellite images immediately
after the earthquake, the ratio of the number of heavy, medium, buildings that need to be
demolished urgently and completely collapsed to the total number of buildings is in high
agreement with the satellite images obtained 1 year after the earthquake.

Keywords: Damage Detection, Satellite Images, Artificial Intelligence, Earthquake.
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1. GIRIS

Depremler sonrasinda acil miidahale gerektiren durumlar mevcuttur. Bunlardan ilki insanlarin
hayatlarinin oncelikli olmasi nedeniyle arama kurtarma faaliyetleridir. Ancak bunun yaninda
sehirlerin eski kullanimina devam edebilmesi i¢in, mevcut yapi stokunun hizli bir sekilde
incelenmesi ve kullanim durumlarinin belirlenmesi gerekmektedir. Bu nedenle hasar tespitinin
hizi ve bu alanda uzman ekipler tarafindan yapilmasi gereklidir. Genelde bu boliimde
bahsedildigi gibi saha taramasina dayanan hasar tespitleri, yeni arastirmalarla farkli alanlarda
degerlendirilmeye baslanmistir. Gelisen teknolojiler ve bu teknolojilerin yapay zekayla
harmanlanabilmesi bu alanda da fayda saglamaya baglamistir. Farkli yapay zeka araglarn ile
hasar tespitinin  yapilabilecegi ge¢miste meydana gelmis depremler iizerinde
degerlendirilmistir. Gelisen teknolojileri mevcut bilgi birikim ile bir arada kullanarak deprem
sonras1 miidahalenin hiz1 ve kalitesini artirmak miimkiindiir. Gelecekte bu tarz teknolojilerin
daha fazla entegre edilerek deprem sonrasi hasar tespit calismalarinin uygulama seklinin
tamamen degisecegi beklenmektedir.

Saha taramasindan sonra en hizli ve giincel yaklasimlardan biri uydu goriintiileri iizerinden
hasar tespiti yapilmasidir. Uydu goriintiilerinin deprem Oncesi ve sonrasi i¢in elde edilmesi ile
depremin secilen bdlge i¢in nasil bir degisim yarattifi goriilebilir. Bu alanda gec¢mis
depremlerin verileri kullanilarak birgok arastirma yapilmistir. Biiytik 6l¢ekli goriintii verisiyle
hasar tespitinin yapilmasi, Haiti depreminin etkisinin uydu goriintiileri ile incelenmesi, yliksek
¢oziiniirliiklii SAR verisiyle hasar tespiti yapilmasi iizerine birgok ¢alisma mevcuttur[1], [2],

[3], [4].

Uydu goriintiilerinin yapay zekd yardimiyla degerlendirilmesi ile goriintiiler arasindaki
farkliliklar {izerinden hasar tespiti yapilabilmektedir. Oyle ki, hasar tespitinin daha yiiksek
¢Oziinlirliklii goriintiileri ve daha ¢ok uydu goriintiisii verisi kullanilarak ¢ok detayli hasar
tespiti yapilmaktadir. Hasar tespiti bu yontemle hasarli hasarsiz ayriminin yani sira farkli hasar
seviyelerine gore siniflandirilmast bu yontemle miimkiindiir[5].

Bu durum son yillarin en biiylik depremi olan Kahramanmaras depremleri sonrasinda da
uygulanmistir. 6 Subat 2023 tarihinde 9 saat ara ile meydana gelen 2 biiyiik deprem Tiirkiye nin
Giineyi ve Giineydogusunda toplamda 11 ili etkilemistir. Etkilenen sehirlerde iilke niifusunun
yaklasik 5°te 1 ‘i yagamaktadir. Depremden etkilenen niifus yaklasik 14 milyon civarlarindadir.
Deprem sonrasi yapilan arama kurtarma sonrasinda elde edilen sonuglara gore 50000’in
tizerinde deprem kaynakli kayip meydana gelmistir[6]. Bolgede incelenen binalarin yaklasik 2
milyon dolaylarinda oldugu ve bu yapilarin 300000 civarindaki kadar1 depremde ya tamamen
yikilmis ya da kullanilamaz hale gelmistir. Depremin biiyiik bir alana yayil1 olmasi hasar tespit
caligmalarin1 ve arama kurtarma faaliyetlerini zor bir hale getirmistir. Bu deprem sonrasinda da
caligmalar sirasinda uydu goriintiileri ve yapa zekd uygulamalart siklikla kullanilmistir.
Calismacilar uydu goriintiileri kullanarak hizli miidahale gerektiren hasar tespiti, fay
kiriklarinin degerlendirilmesi gibi alanlarda uydu goriintiilerinden faydalanmislardir. Deprem
sonrast meydana gelen kirigin gergege en yakin tahmini uydu goriintiileri kullanilarak elde
edilmistir[7].

Bu calisma kapsaminda Kahramanmaras depremleri sonrasinda depremden etkilenen 11
sehirden biri olan Hatay ilinin Antakya il¢esinin uydu goriintiileri yardimiyla hasar dagiliminin
degerlendirilmesi yapilmistir. Farkli tarihlere ait uydu goriintileri ile depremden oOnceki
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durumun karsilagtirilmasi bu ¢aligmada degerlendirilmistir. Ayrica, uydu goriintiilerinden elde
edilen hasar oranlar1 saha taramasi sonuclar1 ile karsilastirilmistir. Elde edilen sonuclar
gerekeeleri ile degerlendirilmistir.

2. 06 SUBAT KAHRAMANMARAS DEPREMLERI

6 Subat 2024 giinii, Tiirkiye’de 9 saat aralikta iki biiyilk deprem meydana gelmistir.
Depremlerin ilki Kahramanmaras’in Pazarcik il¢esinde yerel saat ile 4.17°de; ikincisi yine ayni
giin 6glen saatlerinde 13.24’te Kahramanmarag’in Elbistan ilgesinde meydana gelmistir. Afet
ve Acil Durum Baskanligi (AFAD)’1n acgikladig bilgilere gére depremin biiytikliikleri sirast ile
7.7(Mw) ve 7.6(Mw)’dir[8]. USGS’e gore biiyiikliikler sirasiyla 7.8 Mw ve 7.6 Mw olarak
aciklanmistir. Asagida verilen Gorsel 1°de depremlerin merkez iissii ve bu depremler
sonrasinda gelen art¢1 sok aktiviteleri verilmistir.

WY
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n ,;4 Y
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Gorsel 1. Depremin merkez iissii ve artci sok aktiviteleri

Depremler, Tiirkiye nin Giiney-Dogu dogrultusunda uzanan ve oldukca sismik agidan aktif bir
fay hatt1 olan Dogu Anadolu Fayi(DAF) iizerinde meydana gelmistir. Ilk deprem DAF ve
Oliideniz Fay hattinin birlikte kirtlmas ile meydana gelmistir. Ikinci deprem ise DAF’1n yan
kollarindan biri olan Cardak Fayi iizerinde meydana gelmistir[9], [10]. Ik depremde yaklasik
300 km civarinda bir yiizey kirig1 meydana gelmistir. Bu durum depremin biiyiikliigiini ve
yarattig1 etkigi gézler oniine sermektedir[7].

Depremler meydana geldikten sonrasinda Tiirkiye’nin biiyiik bir boliimiinde hissedilen
depremler 11 ili dogrudan etkilemistir. Etkilenen illerde yaklasik 14 milyon vatandas
depremden etkilenerek zarar gormiistiir. Hayatin1 kaybedenlerin sayist resmi verilere gore
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50000’in biraz iizerindedir[11]. Bu degerlendirmeler literatiirde farkli yaklagimlar ile
degerlendirilmis ve kayiplar resmi verilere yakin degerlerde ¢iktig1 goriilmiistiir[6].

Cizelge 1. Depremden etkilenen binalarin hasar seviyelerine gore dagilimi

T b

Cities/Damage States Nu-mb-er of No Low Medium Heavy d:molishede Collapsed
Building damage Damage | Damage Damage

Urgently
HATAY 342531 140337 103549 12874 64283 8038 13450
KAHRAMANMARAS 225230 93168 79027 5987 35229 4423 7396
ADIYAMAN 110354 38666 38576 4629 20201 2329 5953
MALATYA 155204 60825 48690 2783 36046 1810 5050
GAZIANTEP 282693 188639 68429 5524 14047 1994 4060
SANLIURFA 321065 195565 112690 3192 7706 740 1172
OSMANIYE 133992 87674 35006 1094 9010 530 678
KILIS 34346 20188 11191 486 1867 151 463
ELAZIG 27760 11767 7945 506 7441 48 53
ADANA 324345 276691 39541 5118 2923 37 35
DIYARBAKIR 183730 129986 45602 3355 4708 59 20
Total 2141250 1243506 | 590246 45548 203461 20159 38330

Cizelge 1, Cevre, Sehircilik ve Iklim Degisikligi Bakanliginin resmi hasar tespit sonuglarimi
icermektedir. Bu verilere bakildiginda Hatay, Kahramanmaras, Adiyaman ve Malatya
depremden en cok etkilenen illerdir. Bu illerde yikimin ileri derecede olmasi can kayiplarinin
da fazla olmasina neden olmustur. Ornegin Hayat ili incelendiginde mevcut yapi stokunun
neredeyse 3’te 1’lik bolimii ya tamamen yikilmis ya da kullanilamaz hale gelmistir.
Kahramanmaras depremleri sonrasinda yapisal hasar kaynakli maliyet yaklasik olarak 100
milyar dolar olmasi beklenmektedir[12].

3. UYDU GORUNTULERI ILE HASAR TESPITI

Gilintimiizde gelisen teknolojiler, bilgisayar kapasitelerinin biiyiimesi, yapay zeka araglarinin
arastirma alanlarina entegresinin ilerlemesi deprem miihendisligi alaninda da avantaj saglar
hale gelmistir. Deprem miihendisliginin énemli alanlarindan biri olan deprem sonrasi hasar
tespiti, depremlerin zararlarinin bir an Once tespitini ve bununla birlikte acil miidahale
gerektiren bolgelerin belirlenmesine imkan saglamaktadir. Geleneksel olarak bu alanda yetkin
bir ekip, depremin oldugu bdlgede sahaya ¢ikarak gorsel muayene ile binalarin hasar tespitini
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yapmaktadir. Ancak bu hasar tespit yontemi artik eski kalmaktadir. Kahramanmarag depremleri
gibi sahanin c¢ok biiyiik oldugu depremlerde kalifiye eleman eksikligi ve hasar tespit
yorumlamalarinin subjektif olmast bu yoOntemin eksik yanlarindan biridir. Ayrica saha
calisanlarinin kullandig1 formlar tam anlamiyla hasar tespitlerinin glivenilirligini tartisilir hale
getirmektedir. Bu nedenle bu alanda da yapay zeka tabanli hasar tespit metodolojileri
gelistirilerek daha tarafsiz ve yoruma kapali tespitler yapilabilir. Tabi bdylesi durumda yapay
zeka araclarinda durumun ¢ok kapsamli bir sekilde tanitilmas: gerekmektedir.

Bu alanda en yaygin kullanilan yontemlerden biri uydu goriintiilerinin kullanilmasidir. Uydu
goriintiilerinin depremler meydana gelmeden ve geldikten sonraki durumlarinin farkliliklar
yardimiyla binalarin hasar seviyeleri tespit edilebilmektedir. Bu yontem asagida verilen Gorsel
2’deki islem asamalari ile gergeklestirilmektedir. ilk olarak uydu verisi elde edilmelidir. Uydu
verisi elde edilirken degisikliklerin iyi sekilde yansitilabilmesi i¢in goriintii kalitelerinin yiiksek
olmasi ve alinan goriintii siklig1 6nemli etkenlerdir. Sonrasinda alinan bu goriintiiler islenme
asamasinda kullanilmaktadir. Goriintiilerin islenmesi U-Net gibi goriintli isleme {izerine
kullanilan yapay zeka dilleriyle gerceklestirilebilir. Goriintiilerin islenmesi asamasinda,
goriintiilerin boyutlari, renklerin diizenlenmesi, grid boyutlarinin se¢imi gibi asamalar ile,
goriintiiler analiz edilebilir forma getirilmektedir. Bu ¢alismada Phyton yazilimi igerisinde
bulunan OpenCV Kkiitiiphanesi ile goriintii isleme agamalari gergeklestirilmistir[13]. Belirlenen
goriintiilerin renk ve boyut ayarlar1 yapildiktan sonra hasar alanlar1 sayisallastirilarak hasarl
bolge oranlari elde edilmektedir. Bu asamada kullanilan uydu goriintiileri matrislerdeki farkli
renk tonlarina atanmis sayilarinin farkliliklarindan yola ¢ikarak hasarli bolgelerin belirlenmesi
prensibine dayanir. En son asamada ise elde edilen gorsellerin farkliliklar: goriintiiler tizerinde
isaretlenir ve hasarli bolge alanlari tespit edilir. Elde edilen sonuglar analiz edilerek uydu
goriintiilerinden hasar tespitinin agamalar1 tamamlanmis olur.

UYDU VERISI
TOPLAMA

GORUNTULERIN
iSLENMESI VE
KARSILASTIRILMASI

HASAR ALANLARININ
SAYISALLASTIRILMASI

SONUCLARIN ANALIZI

Gorsel 2. Uydu goriintiilerinden hasar tespiti asamalar
Bu caligma kapsaminda depremden etkilenen 11 sehir igerisinde en fazla etkilenen sehir olan
Hatay ili degerlendirilmistir. Hatay ilinin merkez il¢esi olan Antakya il¢gesinin uydu goriintiileri
elde edilerek analizler gergeklestirilmistir. Gorsel 3, ¢alisma sahasini ve Kahramanmaras
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depremlerinden etkilenen 11 ili harita ilizerinde gostermektedir. Depremden etkilenen
bolgelerin toplam1 Avrupa’daki bir¢ok iilkenin yiiz 6l¢iimiinden fazladir.

Gorsel 3. Calisma sahasi ve depremden etkilenen sehirler

Yapilan calismada kullanilmak tizere farkli tarihlere ait uydu goriintiileri Google Earth Pro
uygulamasindan elde edilmistir. Antakya ilgesine ait 12.12.2022 yani depremden onceki
durumu yansitan, 07.07.2023 tarihli yani depremden hemen sonraki durumu gosteren ve
03.03.2024 tarihli deprem bolgesinin son durumunu gosteren uydu goriintiileri ¢alismada
kullanilmistir (Gorsel 4). Depremden sonra alinan goriintiilerin farkli tarihlerde alinmasinin
nedeni depremden etkilenen binalarin ilk agamada temizlenmemesi ve sonrasinda bolgedeki
hasarl1 yapilarin tamamen kaldirilmasi ile ortaya ¢ikan durumu farkli farkli degerlendirilmek
istenmesinden kaynaklanmaktadir.

Elde edilen goriintiller birbiri arasinda depremden oOnceki ve sonraki durumlar igin
degerlendirilmistir. Degerlendirme yapilabilmesi i¢in Phyton yaziliminda OpenCV[13]
kiitiiphanesi kullamilmugtir. ilk asamada goriintiilerin boyutlandirilmasi, renklendirilmesi,
gridlendirilmesi ve sayisallastirilmast i¢in iglemler yapilmig ve gorlntiler analize
hazirlanmistir. Sonrasinda goriintiilerin sayisallastirilmasi1 asamasi ile farkliliklar gorseller
tizerinde isaretlenerek hasarli yapi oranlari isaretli bolgeler iizerinden hesaplanmistir. Elde
edilen sonuclar ve bu sonuglara ait yorumlar gelecek boliimde verilmistir.
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Gorsel 4. Calisma sahasinin deprem oncesi ve sonrasi harita goriintiileri

4. BULGULAR VE TARTISMA

Calisma kapsaminda kullanilan deprem sonrasi gorseller, iki farkli tarihte elde edilen uydu
goriintiileridir. Bunlardan ilki 7 Subat 2023 tarihli uydu goriintiisii ve depremden yaklasik bir
yil sonra alman 3 Mart 2024 tarihli uydu goriintiisiidiir. Uydu goriintiileri Google Earth
yazilimindan elde edilmistir.

Before Image After Image

750 1000 1250 1500 1750
Difference Image
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Gorsel 5. Uydu goriintiilerinden hasar tespiti-1 (7 Subat 2023 tarihli gorsel)

Gorsel 5 ve Gorsel 6 ¢alismada kullanilan kod yardimiyla elde edilen analiz sonuclarinm
icermektedir. Analiz sonuglar1 incelendiginde; before image olarak isimlendirilen gorsel
depremden onceki durumu, after image ise depremden sonraki durumu goéstermektedir.
Difference map isimli goriintii iki farklt uydu goriintiisii arasindaki farkliliklar1 gosterirken
detection changes goriintlisii bu degisikliklerin kirmizi renkte isaretlendigi durumu ifade
etmektedir. Kirmizi ile igaretli noktalar tizerinden degisiklikler bu ¢alismada tespit edilmeye
calisilmigtir.
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Gorsel 6. Uydu goriintiilerinden hasar tespiti-I1 (3 Mart 2024 tarihli gorsel)

Degisiklikler belirlendikten sonra hasar goriintiileri izerinden hasarli alanlarda hesaplanmistir.
Uydu goriintiileri kullanilarak hesaplanan hasarli alanlar 7 Subat 2023 tarihli uydu goriintiisii
icin %11.01, 3 Mart 2024 tarihli uydu goriintiisii i¢in %26.84 olarak elde edilmistir. Bu hasarl
alanlar goriintiilerdeki degisim gdosteren piksellerin toplam piksellere orani {izerinden
hesaplanmistir. Bu degerlendirmeyi valide edebilmek i¢in saha taramasi sonuglarindan
bolgedeki hasarli yapr oranlari elde edilerek karsilastirma yapilmistir. 7 Subat tarihli gorsele
denk gelen oran %6.27, 3 Mart 2024 tarihli gorsele denk gelen hasarli yap1 orani saha taramasi
sonuglarma gore %28.79 olarak hesaplanmustir. iki farkls tarihte farkli hasar oranlarinin dikkate
alinmasinin bir nedeni vardir. Bu karsilastirmalarin dogru yapilabilmesi i¢in bir yaklagim
belirlenmistir. Depremden hemen sonra alinan uydu goriintiileri ile saha taramasi sonuglarindan
yalnizca tamamen gOo¢cmiis ve acil yikilmasi gereken bina sayilari dikkate alinarak
degerlendirme yapilmistir. Depremden 1 yil sonraki uydu goriintileri ile yapilan
degerlendirmede bu iki hasar seviyesinin yaninda agir hasar ve orta hasarli yap1 sayilar1 da
eklenmistir. Karsilastirmaya ait grafik Gorsel 7°de verilmistir.

% =

Gorsel 7. Uydu goriintiisii ile saha gozlemlerinin karsilastiriimasi
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Gorsel 7 incelendiginde calismadaki yaklagimin tutarli sonuglar verdigi goézlemlenmistir.
Grafigin sol tarafindaki siitunlar 7 Subat tarihli uydu goriintiisii ile saha taramasi1 sonuglarini,
sag taraftaki silitunlar 3 Mart tarihli uydu goriintiisii ile saha taramasi sonuglarinin
karsilastirilmasini ifade etmektedir. Grafige gore 3 Mart tarihli uydu goriintiisii ile saha
sonuglari, 7 Subat tarihli uydu goriintlisii sonuglarina gére daha yakin degerler almaktadir.
Bunun nedeni, depremden hemen sonra elde edilen 7 Subat tarihli uydu goriintiisiinde yikimin
net olarak belirgin olmamasidir. 3 Mart tarihli goriintiide hasar tespit calismalarinin
tamamlanmasi, enkazlarin biiylik oranda kaldirilmasi, boélgenin temizlenmesi gibi nedenlerle
uydu goriintiisiindeki farkliliklar daha fazla belirginlesmektedir. Bu sonugla birlikte uydu
gorlintiilerinin  hassasiyetinin = sonuglar1 etkiledigi gorilmektedir. Bu nedenle uydu
goriintiilerinin sayisal olarak artirilmasi ve yiiksek ¢oziiniirliikte olmasi deprem hasar tespitinde
hassasiyeti artiracaktir. Ayrica, deprem sonrasi elde edilecek uydu goriintiisii sayisindaki artig
deprem hasar tespitinin daha detayli yapilabilmesine olanak saglar. Bu c¢alismada hasarli-
hasarsiz ayrimi yapilmistir. Ancak ilerleyen ¢aligsmalarda uydu goriintiilerinin sayisi artirilarak
hasar seviyelerinin belirlenmesi iizerine ¢alismalar gergeklestirilebilir.

Onceki ¢aligmalarda elde edilen kayrp modellerine uydu gériintiileri entegre edilerek kayiplarin
boyutu ve acil miidahale edilmesi gereken alanlar hizli bir sekilde belirlenebilir.

5. SONUCLAR

Depremler meydana geldikten sonra ilk yapilmasi gereken islerden biri hasar tespitidir. Teknik
eleman sayisinin yeterli gelmedigi durumlarda yapay zeka tabanli uydu goriintiileri ile bu siireci
hizl bir sekilde tamamlamak miimkiindiir. Bu ¢alismada, son yillarin en biiyilik depremlerinden
biri olarak kabul edilen 6 Subat Kahramanmaras Depremleri sonrasinda elde edilen uydu
goriintiileri kullanilarak hasar seviyeleri degerlendirilmistir. Uydu goriintiilerinin farkli
tarihlerde alinmasi ile meydana gelen farkliliklar degerlendirilmistir. Saha taramasi sonuglari
ile karsilagtirilan sonuglar irdelenmistir. Elde edilen sonuglara bakildiginda; depremden hemen
sonraki uydu goriintiileri ile belirli bir siire sonraki uydu goriintiileri arasinda hasar orani
bakimindan farkliliklar bulunmaktadir. Bunun nedeni farkli hasar seviyelerindeki yapilarin
bolgeden kaldirilmasi ve bolgenin temizlenmesidir. Diger yandan saha taramasi sonuglari
depremin {izerinden belirli bir siire gegmesiyle alinan uydu goriintiileri ile daha yiiksek uyuma
sahiptir. Depremden hemen sonra kullanilmas1 amaglanan uydu goriintiileri ile hasar tespitinin
hassasiyetinin artirilabilmesi i¢in, yliksek ¢oziiniirliikte ve say1 olarak daha fazla sayida uydu
goriintlistiniin kullanilmasi gereklidir. Son olarak daha detayli hasar seviyeleri belirlenebilmesi
i¢in uydu goriintiilerinin ¢oziiniirliikklerinde ve sikliklarinda artisa gidilmesi gerektigi sonucuna
varilmistir.
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OZET

Diinya Saglik Orgiitii'ne gore depresyon gibi ruhsal bozukluklar kiiresel saglik problemlerinin
onde gelen sebeplerinden biri olarak 6n plana ¢ikmaktadir. Bu ¢alismada, EEG sinyallerinden
elde edilen ozellikler ve makine 6grenimi algoritmalarini kullanarak depresyonlu ve saglikli
bireylerin smiflandirma performansi analiz edilmistir. Bu amagla, dinlenme ve gorev
durumunda kaydedilen 128 kanalli EEG verilerinin analizi i¢in sinyallerin zaman, frekans,
dogrusal ve dogrusal olmayan 6zellikleri elde edilmistir. Veri 6n isleme asamasinda Sonlu
Diirtii Yanith (Finite Impulse Response, FIR) siizgecler kullanarak filtreleme iglemleri ve
Bagimsiz Bilesenler Analizi (Independent Component Analysis, ICA) gibi tekniklerin
uygulanmasi ile sinyallerdeki giiriiltiiler ortadan kaldirilmistir. Ozellik secimi icin En Kiiciik
Mutlak Biiziilme ve Se¢im Operatorii (Least Absolute Shrinkage and Selection Operator,
LASSO) yontemi kullanilmis ve toplam 4191 6znitelik arasindan en bilgilendirici olanlar
belirlenmistir. Simif dengesizligi i¢in Uyarlamali Sentetik Ornekleme Yontemi (Adaptive
Synthetic Sampling Method , ADASYN) ile sentetik veri iretilmis ve egitim veri seti
dengelenmistir. Makine Ogrenimi algoritmalari olan Yapay Sinir Aglart (Artificial Neural
Network, ANN), Destek Vektor Makineleri (Support Vector Machine, SVM) ve K En Yakin
Komsular (K-Nearest Neighbors, KNN) yontemleri kullanarak siniflandirma modelleri
olusturularak performanslar1 karsilastirilmistir. Elde edilen sonuglara gore, SVM ve ANN
modelleri kullanilarak %100 dogruluk, hassasiyet, segicilik ve kesinlik degerleri ile EEG
sinyalleri yiiksek performansla siniflandirmistir. Boylece bu c¢alisma ile depresyonun EEG
sinyallerinden siniflandirilmasina yonelik yiiksek performansl bir model ortaya konmustur.

Anahtar Kelimeler: Depresyon, Yapay Zeka, Elektroensefalografi, Ozellik Se¢me, Makine
Ogrenimi Algoritmalari, Sinyal Isleme
1. GIRIS

Diinya Saglik Orgiitii'ne gore ruhsal bozuklugu olan hastalarin, 6zellikle depresyon hastalarinin
sayist hizla artmaktadir. Bu durum, kiiresel hastalik yiikiiniin 6nde gelen bir nedeni haline
gelmistir. Niifusun tahmini % 3,8'1, yetiskinlerin % 5'1 (ve 60 yasin iizerindeki yetigkinlerin ise
% 5,7's1) depresyon ile miicadele etmektedir. Her y1l diinyada 700.000'den fazla insanin intihar
sonucu yasamini yitirmesi, depresyonun olas1 sonuglari arasinda yer almaktadir. intihar, 15-29
yas araliginda dordiincii siradaki 6liim nedeni olarak 6ne ¢ikmaktadir.
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Bu sebeplerle, depresyon teshisinin zamaninda yapilmasi ve hastalarin gerekli yardimi almasi
hayati 6nem tasimaktadir. Ancak mevcut teshis yontemleri, doktorlar tarafindan yapilan
goriismelere ve klinik 6l¢eklere dayanmaktadir. Bu siire¢ sadece yogun emek gereksinimiyle
kalmamakla birlikte zaman alicidir. Bu durumun temel sebeplerinden biri, zihinsel bozukluklar
i¢in belirgin fizyolojik gdstergelerin bulunmamasidir.

Veri madenciligi ve yapay zeka gibi teknolojilerin gelismesi, ruhsal bozukluklarin olas1 yeni
fizyolojik gostergelerini arastirmak igin fizyolojik verilerin kullanilmasini ve yeni teshis
uygulamalarinin gelistirilmesini miimkiin kilmistir. Elektroensefalografi (EEG) sinyalleri,
depresyon, anksiyete gibi ruhsal bozukluklarin aragtirilmasi ve bazi durumlarda tedaviye
yanitin izlenmesinde giderek daha yaygin ve etkili bir sekilde kullanilmaktadir. EEG, beyin
aktivitesini 6lgmek icin kullanilan non-invaziv bir yontemdir. Bu yoOntemde, beyin
korteksindeki elektriksel aktivite yiizey diizeyinde kaydedilerek beyin dalgalar1 analiz edilir.
N. Bashir ve arkadaslar1 (2023), EEG sinyallerini kullanarak Makine Ogrenimi yontemi ile
Major Depresif Bozukluk (MDB) hastaliginin tespiti i¢in bir yontem dnermislerdir. KNN ve
uzun kisa stireli bellek aglart (LSTM) gibi algoritmalarla %87.5 ve %83.3 dogruluk elde
etmislerdir(N. Bashir ve ark.,2023). Murat Topal'in ¢aligmasinda (2022) ise Evrisimli Sinir
Aglart (CNN) ile %99.6, Karar Agact (DT) ile %98.4, SVM ile %95.7 dogruluk
saglanmistir(Murat Topal,2022).

Min Xia ve digerleri (2023) MDB hastalar1 ve saglikli bireylerin dinlenme durumundaki EEG
verileri ile siniflandirma yapabilmek icin Ugtan-uca bir Derin Ogrenme modeli énermislerdir.
Elde edilen siiflandirma c¢alismasinin sonucunda %91.06 dogruluk elde etmislerdir (Min Xia
ve ark., 2023). Gang Li ve arkadaslar1 (2023), depresyonlu hastalarda ¢ok kanalli EEG
sinyallerinden 0Ozellik ¢ikararak makine 6grenme algoritmalari ile siniflandirma g¢aligmasi
gerceklestirmistir. Elde edilen 86 6zellik iceren bir 6znitelik setinin siniflandirilmasi ile yiliksek
dogruluga ulasilmistir (Gang Li ve ark., 2023). B. Tejaswi Reddy ve digerleri (2023), CNN
tabanli hibrit bir model gelistirerek %90 dogrulukla, SVM ile yapilan calismada ise %60
dogrulukla siniflandirma performansi elde etmislerdir (B. Tejaswi Reddy ve ark.,2023).

Bu calisma kapsaminda, saglikli bireylerin ve depresyon teshisi konulan bireylerin EEG
sinyalleri kullanilarak sinyal isleme, 6zellik ¢ikarma ve makine 6grenimi algoritmalari igeren
bir siiflandirma modeli gelistirilmistir. Bu ama¢ kapsaminda hem dinlenme durumunda hem
de gorev durumunda bireylerden kaydedilen 128 kanal EEG sinyalleri kullamilmistir. EEG
sinyallerinin zaman, frekans, dogrusal ve dogrusal olmayan ¢ok yonlii 6zellikleri analiz
edilmistir. Bu calismada depresyonun siniflandirilmasi i¢in kullanilan 6zellikler veri setinin
niteligi ve elde edilen sonuglar ile literatiire katki saglanmistir.

2. DENEYSEL CALISMALAR
Bu calismada gerceklestirilen islem adimlar1 Gorsel 1°de verilen akis semasinda goriilmektedir.
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Gorsel 1. Calismaya ait Akis Semasi

2.1 Veri Seti

Bu calismada, EEG sinyalleri ile depresyonun siniflandirilmasi i¢in Cin’de bulunan Lanzhou
Universitesi acgik erisim veri seti kullamilmustir (Hu, Bin 2022). Veri seti, klinik olarak
depresyon teshisi konulan 24 adet hastanin ve 29 adet saglikli bireylerin EEG sinyallerini
icermektedir. Depresyon teshisi koyulan 24 bireyin 13’1 erkek, 11°i kadindir (Gorsel 2).
Saglikli bireylerin ise 20’si erkek 9’u kadindir. Her iki grubun yas araliklar1 18-55’dir.
Siniflandirmada kullanilan EEG veri seti, geleneksel 128 elektrotlu elastik baslik kullanilarak
elde edilmistir. Sinyaller iki asamada, giiclii elektromanyetik girisimin olmadigi, sessiz, ses
gecirmez, 1y1 havalandirilan bir odada toplanmistir. Verinin birinci kismi dinlenme durumunda;
bireylerin gozleri kapali ve viicutlar1 hareketsiz bir sekilde alinan sinyallerden olugsmaktadir.
Bireyler bir siire dinlendikten sonar kaydin ikinci kisma gegilmistir. Burada gorsel bir uyaran
olarak bireylere notr bir yiiz ifadesi ve daha sonra gri ekranda nokta gosterilmistir. Bireylerden,
noktay1 gordiikleri zaman yanlarinda bulunan butona basmalar1 istenmistir (Hanshu Cai ve ark.
2022). Boylece veri seti dinlenme durumunda ve gorev tabanli olmak iizere kaydedilen iki tiir
EEG sinyallerden olusmaktadir.
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Gorsel 2. Veri Seti

2.2 Verilerin 6n islemesi
Bu caligmada, sinyallerin 6n isleme asamasinda EEG sinyalleri filtrelenerek ICA yontemi

uygulanmustir. Sinyallerin 6n islenmesi MATLAB yazilim ile birlikte EEGLAB kullanilarak
gerceklestirilmistir. EEG sinyalleri 6ncelikle 0.5-40 Hz kesim frekanslarina sahip bant ge¢iren
filtreden gecirilmistir.

EEG sinyalleri kaydedilirken insan viicudunun hareketleri veya ¢evrenin etkisinden dolay1
giiriiltii meydana gelmektedir ve bu istenmeyen giiriiltiiler sinyalleri etkilemektedir. Bundan
dolay: giirtiltiileri yok etmek i¢in sinyalin 6n isleme asamasinda FIR filtre kullanilmistir. FIR
filtre yapist birim geciktirme elemani, ¢arpici ve toplayict olmak iizere ii¢ temel elemandan
olusmaktadir. Birim geciktirme elemanlarinin sayist darbe cevabinin sonlu siiresini
tanimlamaktadir. FIR filtrenin giris ¢ikis iliskisini veren Esitlik 1°deki denklemde goriildiigii
gibi N-1 adet birim geciktirme elemanlarin sayisi filtrenin derecesini belirlemektedir. Carpici
elemanlar ise bagli olduklar1 giris isaretini ilgili filtre katsayis1 ile carpmaktadir. Yani, k.
geciktiricinin ¢ikisim1 temsil eden x(n-k) girisine karsilik ¢arpicinin ¢ikigt tiretilmektedir.
Toplayicilar ise, ¢arpict ¢ikislarint birbiri ile toplayarak filtreye ait toplam ¢ikisin eldesini
saglamaktadir.

y() = XkZg bex(n — k) 1

Bu ¢alisgmada EEG sinyallerin filtrelenmesi i¢in kullanilan filtrenin frekans yaniti Gorsel 3’de
goriilmektedir.
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Gorsel 3. Tasarlanan Fitrenin Frekans Yamt

Onislenmis EEG sinyalleri 6rnek olarak Gorsel 4’te gosterilmektedir.

On Islenmis EEG Sinyalleri
T T

T T T T T
1000~ 1
m 500 {
YR E—— T - O
L L 1 1 1 1 1
0 1 2 3 4 5 6 7
x10%
200 T T T T T T T m|
o 200~ I
H o
-200 1 1 L L 1 1 1 =
0 1 2 3 4 5 6 7
x10*
200 T T T T T T T j
o 100I:
o4 J
-100 L L 1 | 1 1 1
0 1 2 3 4 5 6 7
x10*
200 T T T T T T T
< 100
= 0
L I | L 1 1
0 1 2 3 4 5 6 7
x10%
200 T T T
) 100 -
L I | ! 1 I
0 1 2 3 4 5 6 7
x10%
100 T T T E
\O 50
I A P
50k L I 1 1 L I 1 E|

Gorsel 4. Ornek On islenmis EEG sinyalleri

Bagimsiz Bilesenler Analizi (Independent Component Analysis, ICA), FastICA algoritmasin
kullanan dogrusal veri ayristirma yontemlerinden biridir. ICA, goéz kirpma, yatay goz
hareketleri, kas aktivitesi, kohlear implant giiriiltiisii gibi EEG verileri ve olaya iligkin
potansiyeller agisindan giiriilti olarak kabul edilen sinyallerin ayristirilmasinda siklikla
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kullanilmaktadir. ICA yontemini uygulamak i¢in bazi1 varsayimlarin yapilmasi gerekmektedir.
Bu varsayimlar maddeler halinde siralanmistir:

a) Olgiilen her sinyal, kaynak sinyalin dogrusal bir kombinasyonudur.
b)Sinyaller istatistiksel olarak birbirinden bagimsizdir.
¢)Tiim sinyallerin degerleri Gaussian olmayan dagilima sahiptir.

Mekansal ve zamansal 6zelliklerine gore ayristirma yapan ICA’nin EEG verilerinin fizyolojik
ve fonksiyonel farkli bilesenlerini ¢ikarabilecegi de literatiirde ortaya konulmustur (Zhukov,
Weinstein ve Johnson, 2000).

Bu nedenle gerceklestirilen calismada ¢ok kanalli EEG verilerinin, zamansal ve mekansal
istatistiksel 0zelliklerini g6z Oniine alinarak BBA ile tiim kanallarina etki eden giiriiltiiler yok
edilmistir.

2.3 Ozellik Cikarma Islemleri

Biyomedikal sinyallerin siniflandirilmasinda daha iyi performans elde etmek icin ozellik
cikarma ve boyut kiigiiltme islemleri énemlidir. Ozellik ¢ikarmanim amaci, smiflandiricinin
verimliligini artirmak i¢in en sikistirilmis ve bilgilendirici 6zellikler kiimesini bulmaktir. Bu
calismada; aritmetik ortalama, maksimum, minimum, Hjorth parametreleri, alfa, beta, gamma,
delta bantlarinin giicii, ortalama enerji, enerji entropisi, Shannon entropisi, varyans, kurtosis
gibi toplam 30 adet 6znitelik tim EEG kanallarindan ¢ikarilmistir. Elde Edilen 6zellikler
Cizelge 1’ de verilmistir.

Cizelge 1. Cikarilan Ozellikler

Zaman Ozellikleri Frekans Ozellikleri

Ortalama Deger Delta Band1 Giicti

Maksimum Deger Teta Band1 Giicii

Minimum Deger Alfa Band1 Giicii

Ortanca Deger Beta Band1 Giicii

Mutlak farklarin ortalamasinin Gamma Band1 Giicii

logaritmast

Ortalama Enerji Alfa Band1 Giicii/Beta Bandi Giicii Orani

Ortalama Teager Enerjisi Dogrusal Ozellikler

Logaritmik Enerji Ozyinelemeli(Autoregressive,AR) model parametresi (4
adet)

Birinci Tiirev Dogrusal Olmayan Ozellikler

Ikinci Tiirev Hjorth Parametreleri(3 adet)

Birinci tlirevin Normali Renyi Entropi

Ikinci tiirevin Normali Shannon Entropi

Carpiklik Tsallis Entropi

Basiklik

Standart Sapma

Varyans
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‘ Ortalama Egri Uzunlugu

2.4 Oznitelik Secme Islemi
Ozellik segimi, bir veri kiimesini modellemede en iyi tahmin giiciinii saglayan bir dzellik alt

kiimesini se¢en, boyut kiigiiltme teknigidir. Ozellik se¢imi asir1 6grenmeyi azaltmakla beraber
yorumlanabilirligi artirmaktadir. Bu ¢alismada 6znitelik segme islemini gergeklestirmek i¢in
LASSO teknigi kullanilmistir. LASSO, en kiigiik kareler yontemine alternatif yanli tahmin
yontemlerinden biridir. Coklu dogrusal baglant1 ve asir1 6grenme sorunlari i¢in kullanilabilir.
LASSO yontemi, hem degisken se¢iminin hem de regularizasyonun ayni anda gergeklestigi bir
regresyon teknigidir. Bu yontemde bir ceza terimi kullanilarak (L1 tipi cezalandirma)
katsayilar sifir olmaya dogru zorlanir. Bu ceza teriminin degeri regresyon Kkatsayilarina
uygulanacak biiziilme miktarini belirler. Bu sekilde 6znitelik se¢imini gergeklestirir (Hikmet
Orhan, Merve Vergili, 2022).

Bu caligmada her bir bireyden 127 kanaldan 33 6zellik ile toplam 4191 6znitelik hesaplanmistir.
Hesaplanan o6zniteliklere uygulanan LASSO yontemi ile elde edilen 6zellikler Cizelge 2°de
verilmigtir.

Cizelge 2. LASSO yontemi ile elde secilen ozellikler

Kanal Hesaplanan Ozellik Kanal Hesaplanan Ozellik
Ismi Ismi
ES4 Delta Band: Giicii (Bpd) E113 Ozyinelemeli modelin ikinci
parametresi (ar2)
ES3 Mutlak farklarin ortalamasinin E115 Renyi Entropi (Re)
logaritmasi (Lrssv)
E52 Beta Bandi Giicii (Bpb) E2 Ortanca Deger (Md)
ES3 Ortalama Teager Enerjisi (Mte) | E115 Minimum Deger (Min)
E51 Delta Band1 Giicii (Bpd) El Ortalama Teager Enerjisi (Mte)
ES4 Birinci Tiirevin Normali (n1d) E124 Ar tmetik Ortalama (Am)
E52 Hjorth Mobilit Parametresi E124 Varyans (Var)
(Hm)
ES4 Birinci Tiirev (1d) E89 Ozyinelemeli modelin dordiincii
parametresi (ar4)
E54 Ozyinelemeli modelin ikinci E30 Ozyinelemeli modelin dérdiincii
parametresi (ar2) parametresi (ar4)
ES1 Ikinci Tiirev (2d) E99 Mutlak farklarin ortalamasinin

logaritmas1 (Lrssv)
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E54 Aritmetik Ortalama (Am) E70 Basiklik (Kurt)
E115 Delta Band1 Giicti (Bpd) E105 Gamma Bandi Giicii (Bpg)
E127 Hjorth Aktivite Parametresi (Ha) | E67 Ozyinelemeli odelin birinci
pa ametresi (arl)
Ell4 Hjorth Karmasiklik Parametresi | E14 Beta Band1 Giicii (Bpb)
(He)
E2 Ozyinelemeli modelin dérdiincii | E17 Alfa Band1 Giicii/Beta Band1
parametresi (ar4) Giicii Orani (Rba)
E4 Beta Band1 Giicii (Bpb) E55 ikinci Tiirev (2d)
E4 O yinelemeli modelin iigiincii E14 Maksimum Deger (Max)
parametresi (ar3)
ES3 Birinci Tiirev (1d) E15 Alfa Band1 Giicii (Bpa)
El Ozyinelemeli modelin ikinci ES7 Varyans (Var)
parametresi (ar2)
E112 Minimum Deger (Min) E13 Ozyinelemeli modelin iiciincii
parametresi (ar3)

2.5 Veri Dengeleme Islemi
Veri setinde, siiflarin siklig1 veya sayisi arasinda esitsizlik bulunmaktadir. Bu duruma sinif

dengesizligi ad1 verilmektedir. Diger sinifa gore fazla sayida olan sinif ¢ogunluk sinif, daha az
sayida olan smif ise azinlik sinif olarak adlandirilir. Bu dengesizligi ¢6zmek i¢in ADASYN
algoritmas1 kullanilmaktadir. ADASYN algoritmasi, azinlik siniflarin1 daha 1yi temsil etmek
icin sentetik veri liretme stratejisi tizerine kuruludur (Haibo He ve ark., 2008). Bu strateji,
azinlik smiflarindan 6rnekler ¢ikartir ve bu orneklerin ¢ogunluk sinifi 6rneklerine yakin olan
bolgelerde yeni sentetik Ornekler iiretir. Algoritma, her azinlik sinifi 6rnegi i¢in bir agirlik
hesaplar. Bu agirlik, bu 6rneklerin ¢evresindeki komsu 6rneklerin yogunluguna dayanir. Daha
az temsil edilen azinlik 6rneklerine daha fazla agirlik verilir, boylece bu 6rneklerin sentetik
orneklerle gii¢lendirilmesi saglanir. Bu ¢alismada 24 depresyonlu, 29 adet saglikli bireye ait
EEG sinyallerinden 6zellik ¢ikarilmistir. Elde edilen 6zellikler kullanarak dengeleme islemi
yapilmistir ve 29 depresyonlu 29 saglikli bireye ait dengelenmis oOzellik veri seti
olusturulmustur.

2.6 Calismada Kullanilan Siiflandirma Algoritmalari

2.6.1 Yapay Sinir Aglar1 Yontemi

Yapay sinir aglari, insan néronun modellenmesiyle birlikte 6grenme metodunu taklit eden
algoritma veya fiziksel ara¢ olarak tanimlanmaktadir. Giris katmani, gizli katman ve ¢ikis
katmanindan olusur (Oviing Polat, 2007). Hatay1 minimize ederek, grenme siirecinde verilen
giris ve ¢ikislar arasindaki baglantiy1 bulmaya calisir.
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Bu caligsmada, siniflandirma amacl olarak ileri beslemeli yapay sinir ag1 (Feedforward Neural
Network, FFNN) modeli olusturulmustur. FFNN, yapay sinir aglarinin temel ve en yaygin
tirlerinden biridir. Bu ag tird, bilgi isleme i¢in bir dizi katman iceren ve verinin bu
katmanlardan ileriye dogru (feedforward) aktig1 bir yapiya sahiptir.

Bu calismada modelin performansini optimize etmek ig¢in hiperparametreler Bayesian
optimizasyon yontemi ile belirlenmistir.

2.6.2 Destek Vektor Makineleri Yontemi

Destek Vektor Makineleri, yapisal risk minimizasyonu prensibine gore c¢alisan dig biikey
optimizasyona dayali makine Ogrenmesi algoritmasidir (Sevgi Ayhan ve Senol
Erdogmus,2014). S6z konusu algoritma, veriye iliskin herhangi bir birlesik dagilim fonksiyonu
bilgisine ihtiya¢ duymadigi i¢in dagilimdan bagimsiz 6grenmeyi temel almaktadir. (Mustafa
Ustiiner, 2013). SVM, &riintii tanima ve smiflandirma problemlerinin ¢dziimii i¢in Vapnik
tarafindan gelistirilmistir. SVM’in temelleri istatistiksel 6grenme teorisine diger bir ifadeyle
Vapnik-Chervonenkis (VC) teorisine dayanmaktadir.

2.6.3 K En Yakin Komsu Yontemi

K En yakin komsu yonteminde, siniflandirma yapilacak verilerin 6grenme kiimesindeki normal
davranig verilerine benzerlikleri hesaplanarak; en yakin oldugu diisiiniilen k verinin
ortalamasiyla, belirlenen esik degere goére simiflara atamalar1 yapilmaktadir. K degeri
simiflandirma yapilacak verinin ka¢ veri ile yakinligmmin dlgiilecegini belirlememizi
saglamaktadir (Hasan Demir ve ark.,2018).

ANN siniflandirma modelinde oldugu gibi, SVM ve KNN modellerinin gergeklestirilmesi
asamasinda hiperparametreler Bayesian optimizasyon yontemi ile optimize edilerek
belirlenmistir.

2.7 Performans Olgiitleri
Bu calismanin siiflandirma sonuglarinin degerlendirilmesi i¢in kullanilan Slgiitler asagida
siralanmastir:

Dogruluk (Accuracy) Duyarlihik ve ozgiilliik birlestirilerek tek bir 6l¢ii elde edilmek
istendiginde kullanilan Olgililerden biri de dogru test sonucu olasiligidir. Dogruluk, dogru
tahmin edilen 6rneklerin toplam Ornekler i¢indeki oranini gosterir. Formiilii denklem 2’de

gosterilmistir.
DP+DN 2

Dogruluk = ————
DP+DN+YP+YN

Hassasiyet (Sensitivity), pozitif olarak tahmin edilen 6rneklerin gercekten pozitif olan 6rnekler

icindeki oranini gosterir. Formiilii denklem 3’te gosterilmistir.
DpP
DP+YP

Hassasiyet =
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Ozgiilliik veya Secicilik (Specificity), gercekten pozitif olan &rneklerin dogru olarak pozitif
tahmin edilen 6rnekler i¢indeki oranini gdsterir. Formiilii denklem 4’te gdsterilmistir.

DP
DP+YN 4

Secicilik =

Kesinlik (Precision), gergekten negatif olan orneklerin dogru olarak negatif tahmin edilen
ornekler i¢indeki oranini gosterir. Formiilii denklem 5°te gosterilmistir.

- DN
Kesinlik =
DN+YP

F1 Scoru, hassasiyet ve seciciligin harmonik ortalamasidir. Bu skor, dengeli bir performans
gosteren modeller i¢in tercih edilir. Formiilii denklem 6’da gosterilmistir.

HassasiyetxSegicilik
F1 Skoru = 2 X Yo roes 6

Hassasiyet+Segicilik
Burada:

DP: Dogru pozitif tahminlerin sayisini, DN: Dogru negatif tahminlerin sayisini, YP: Yanlis
pozitif tahminlerin sayisini, YN: Yanlis negatif tahminlerin sayisin1 gostermektedir.

Bu ¢aligmada egitim ve test verilerinin belirlenmesi i¢in k katli ¢apraz dogrulama (k-fold cross
validation) yontemi kullanilmistir. Capraz dogrulama (Cross-Validation), genellikle bir
modelin genelleme yetenegini degerlendirmek i¢in kullanilan bir yontemdir. Bu ¢alismada 10-
katli ¢apraz dogrulama ve bir birakmali ¢apraz dogrulama (Leave-one-out cross validation,
LOOCYV) yontemleri kullanilmigtir.

3. SONUCLAR VE DEGERLENDIRME

Bu caligsmada, EEG sinyallerin 6n islemesinden sonra depresyon ve saglikli bireylerden olugan
iki grup igin ti¢ farkli siniflandirma yontemi kullanilmistir. Siniflandirma islemleri 5 denemeli
olarak gerceklestirilmistir. Kullanilan siniflandirma yontemleri ile, elde edilen performans
degerlerinin ortalama degerleri Cizelge 3'de ve Gorsel 6,7 de verilmistir.

Cizelge 3. Simiflandirma sonuclar

KNN SVM ANN

Dinlenme | Uyaran Dinlenme Uyaran Dinlenme | Uyaran

Dururmu | Durumu Dururmu Durumu Dururmu | Durumu
Dogruluk %94 %99 %100 %100 %100 %100
Hassasiyet %89 %96 %100 %100 %100 %100
Segicilik %95 %96 %100 %100 %100 %100
Kesinlik %94 %95 %100 %100 %100 %100
F1 Skoru %91 %96 %100 %100 %100 %100
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120 - 120
100 100 4
80 80
60 + 60 4
40 + 40
20 20 4
KNN SVM ANN KNN SVM ANN
B Dogruluk [ Hassasivet Secicilik [l Kesinlik B Dogruluk W Hassasivet W Secicilik Il Kesinlik
@ F1 Skoru B F1Skoru
Gorsel 6. Dinlenme Durumunda Kaydedilen Gorsel 7. Uyaran Verilerek Kaydedilen
Sinyallerin Siniflandirma Sonucu Sinyallerin Siniflandirma Sonucu

10 fold ve LOOCYV yontemi ile egitim ve test verileri kullanilarak elde edilen sonuglar1 Cizelge
4’te ve Gorsel 8,9 da verilmistir.

Cizelge 4. Dinlenme durumu ve uyaran durumu EEG sinyallerin 10 fold ve LOOCYV ile
siniflandirma performanslari

Siniflandirma Dinlenme Durumu Uyaran Durumu

Y 6ntemi

Fold sayis1 10 fold LOOCV 10 fold LOOCV
KNN %94 %96 %99 %100
SVM %100 %100 %100 %100
ANN %100 %100 %100 %100
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120 - 120 |
100 - 100

80 80

60 1 60 -

40 - 20 |

20 - 20 4

0 S S 0 S S
10fold LOOCY 10fold LOOCY
@ «uN B svM ANN @« @ SVM ANN

Gorsel 8. Dinlenme Durumunda Kaydedilen Gorsel 9. Uyaran Verilerek Kaydedilen
Sinyallerin Siniflandirma Sonucu Sinyallerin Siniflandirma Sonucu

4. GENEL DEGERLENDIRME VE SONUCLAR

Depresyon, diinya genelinde milyonlarca insanin ruh halini, davranisini ve kisiligini ciddi
sekilde etkileyen yaygin bir ruhsal bozukluktur. Zamaninda teshisi, ve tedavisi olduk¢a 6nemli
oldugundan bu siireci hizlandirmak icin yapay zeka uygulamalar1 kullanilmaktadir.

Bu ¢alismada, EEG sinyallerinden ¢ikarilan 6zellikler, 6zellik secme ve SVM, ANN ve KNN
gibi makine 6grenme algoritmalarinin uygulanmasi ile depresyonun siniflandirilmasina yonelik
bir yontem Onerilmistir. Ayni1 veri setini kullanan literatiir caligmalara ait siniflandirma
performanslar1 Cizelge 5'te gosterilmistir.

Cizelge 5. Literatiir MODMA veri setini kullanan calismalarda elde edilen sonuclar

Makale Siniflandirma Y dntemi Siniflandirma Orani
Cai ve ark.(2020) Lojistik Regresyon 82.31%

Li ve ark. (2018) KNN 94%

Peng ve ark.(2019) SVM 92.73%

Onerilen ANN, SVM, KNN 100 %

Depresyonunu siiflandirilmasina yonelik farkli veri setleri kullanarak gergeklestirilen literatiir
calismalarda elde edilen siniflandirma sonugclari ise Cizelge 6'da verilmistir.

Cizelge 6. Farkh veri setleri kullanan ¢calismalarda elde edilen siniflandirma sonuglari

Makale Siniflandirma Y ontemi Siniflandirma Sonucu

P. Sandheep ve ark.(2019) Evrisimsel Sinir Aglart 99.31%
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N. Bashir ve arkadaslari KNN %87.5
(2023)
Murat Topal (2022) Evrisimli Sinir Ag1 %99.6
Karar Agaci %98.4
Destek Vektor Makinesi %95.7

Min Xia ve digerleri (2023) Ugtan-uca bir Derin Ogrenme %91.06

B. Tejaswi Reddy ve digerleri | Evrigimsel Sinir Aglar %90

(2023),
SVM %60

Verilen tablolardan da goriilecegi iizerine nerilen dzellik ¢ikarma-LASSO-Makine Ogrenimi
yaklagimi ile depresyonun siniflandirmasina yonelik literatiire gore daha yiiksek performanslh
sonugclar elde edilmistir.

Calismada Onerilen yaklagimlar kullanilarak SVM ve ANN makine 6grenme algoritmalari ile
%100 dogruluk, hassasiyet, secicilik ve kesinlik saglayarak veri setindeki sinyallerin
siiflandirilabilecegi gosterilmistir.

KNN yonteminde ise genel olarak yiiksek performansli sonuglar elde edilmis olmasina ragmen,
ozellikle dinlenme durumu ic¢in 10-fold ¢apraz dogrulama islemi ile %94 siniflandirma
performansi ile diger yontemlere kiyasla daha diisiik performans sergilemistir.

Bu sonuglara gore cok kanalli EEG sinyallerinden elde edilen c¢oklu &zelliklerin LASSO
yontemi ile se¢ilmesi durumunda siniflandirma islemi igin etkili 6zelliklerin belirlenebilecegi
ve SVM, ANN gibi yontemlerle yiliksek performansli siniflandirma isleminin yapilabilecegi
gosterilmistir.
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APITOKSIN: ZEHIR Mi YOKSA ILAC MI?

Prof. Dr. Hiilya CICEK
Gaziantep University, drhulyacicek@hotmail.com, ORCID ID: 0000-0002-1065-1582

OZET

Gegmisten giiniimiize bal, polen, art siitii, propolis ve bir tiir bal aris1 olan Apis mellifera'nin
zehrini igeren ari triinleri gida veya ilag olarak kullanilmaktadir. Bu triinlerin hastaliklarin
tedavisinde kullanilmasina apiterapi adi1 verilmektedir.

Hymenoptera takimina ait bocekler, bircok biyolojik olarak aktif bilesigi iceren zehri savunma
maddesi olarak kullanmaktadir. Ozellikle bal aris1 zehri, cesitli hastaliklara kars1 koruma
saglayan bircok etkili enzim, peptid ve aktif molekiilden olusur. Ar1 zehrinin ana bileseni
melittindir, bunun yanisira histamin, dopamin, norepinefrin, apamin, adolapin, mast hiicresi
degraniile edici peptid, fosfolipaz A2, hiyaliironidaz gibi enzimler de igermektedir.

Cesitli aragtirmalar, baz1 hastaliklarin tedavisinde ar1 zehrinin in vivo veya in vitro olarak
kullanilma etkili olabilecegini gostermektedir. Ayrica ar1 zehrinin aktif fraksiyonlarinin da
klinik veya laboratuvar kosullarinda etkinligi degerlendirilmistir. Tiim bu ¢aligmalarin sonucu
olarak, ar1 zehri ve bilesenlerinin, anti-mikrobiyal, anti-artritik, anti-protozoan, anti-inflamatuar
ve anti-kanser gibi bir¢ok biyolojik aktivite gosterdigi belirtilmistir.

Bu c¢alismada, alternatif bir tedavi protokolii olarak c¢esitli hastaliklarin tedavisinde ve ilag
toksisitelerine karst koymada ar1 zehrinin kendisinin veya fraksiyonlarmin igeriginin
arastirilmas1 amaglanmustir. Ar1 zehri ve bilesenlerinin yaygin ve giincel molekiiler etki
mekanizmalari, bilimsel yayinlar 15181nda tartigilmastir.

Anahtar Kelimeler: apitoksin, apiterapi, ar1 tiriinleri, tedavi, melittin

Giris

Apiterapi, bir¢ok insan hastaliginin tedavisinde bal arist iirlinlerinin, en 6nemlisi de ar1 zehrinin
kullanimina dayanan alternatif bir tedavi yontemidir (1). Ar1 zehrinin tibbi kullanimi eski Misir
ve Yunanistan'a kadar uzanir ve Cin'de 3000-5000 yildir uygulanmaktadir (2). Antik Yunan
doktoru Hipokrat ar1 zehrini tedavi amagli kullanmistir (3). Daha sonraki zamanlarda da ar1
zehrine olan ilgi gittikce artmis, doktorlar ve lisansli apiterapistler, kronik veya otoimmiin
hastaliklarin tedavisinde bal aris1 zehrini kullanmaya baglamislardir.

Hem klinik arastirmalar hem de laboratuvar testleri, bal aris1 zehrinin miikemmel bir biyoterapi
sekli oldugunu dogrulamistir. Bal aris1 zehri bag dokularinin enflamasyonunu engelleyerek ve
dogal viicut savunmasini destekleyerek etki gostermektedir (4).

Son zamanlarda zehir, farkli kanser tiirlerinin tedavisinde kullanilmaktadir ve terapotik
etkilerinin yan1 sira ar1 zehrinin diger ilag tiirlerinin ve geleneksel ilaglarin olumsuz etkilerini
azaltabilecegi de belirtilmektedir (5-6).
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Bu calismada, alternatif bir tedavi protokolii olarak cesitli hastaliklarin tedavisinde ve ilag
toksisitelerine karsi koymada ar1 zehrinin kendisinin veya fraksiyonlarinin igeriginin
aragtirtlmas1 amaclanmistir. Ar1 zehri ve bilesenlerinin yaygin ve giincel molekiiler etki
mekanizmalari, bilimsel yayinlar 1s181nda tartigilmistir.

2. Arilar

Ari, zarkanatlilar takimina ait Apoidea familyasini olusturan tiim bdcek tiirlerine verilen
isimdir. Zar kanathilarin 6zelligi; icinde enine ve boyuna damarciklar bulunan ve iki ¢ift saydam
zar seklinde kanatlarmin olmasidir. Apis mellifera veya bal arisi, Apis cinsine baglh
bir ar1 tiirlidir. Diinya ¢apinda 7-12 bal arist tirli arasinda en yaygin olanidir.
Apis cins adr Latince "ar1" anlamina gelir ve mellifera Latince "bal tasiyan" anlamina gelir
ve tiiriin bal {iretimine atifta bulunur. Arilarin viicudu bas, gogiis ve karin olmak iizere ii¢
kisimdan meydana gelir. Viicutlari yumusak yapidaki yogun bir kil ortiistiyle kaplidir. Killarin
rengi tiire gore degiskendir. Bir bal aris1 kolonisi yillik 15-75 kg polen tiiketir. Giindelik
yasamlarini siirdiirmek adina 1 kg bal tiretmek icin 8 kg bal tiiketirler. Giinde 200 gram suya
ihtiyag¢ duyabilirler (7).

Entomolojik olarak Hymenoptera takimina ait arilar, karincalar ve esekarisi insanlarda
toksisiteye neden olabilir. Insanlar1 zehirleyebilen Hymenoptera tiirleri, toksinlerini siklikla
yirtict hayvanlara karsi actya neden olan bir savunma mekanizmasi olarak kullanir. Gorsel
sinyaller, yuvalarinin titresimleri ve iscilerin rahatsiz olmasi gibi farkli faktorler tepkilerine
neden olur (8).

Zehirleri tuzlar, amino asitler, alkaloidler ve ndrotransmiterlerin karmasik kombinasyonlaridir.
Zehirlerin bilesimleri hymenopteran tiirleri ve baz1 bilesenlerin konsantrasyonu arasinda biiyiik
farkliliklar gosterir ve ayni cinsin tiirlerinde de farklilik gosterebilir (9). Melittin, apamin, ve
mast hiicresini parcalayan peptid sadece bal aris1 zehrinde bulunmaktadir. Ayrica yaban aris1
zehirleriyle ortak olarak adrenalin, noradrenalin, dopamin, serotonin, histamin, hiyaliironidaz,
fosfolipaz B ve fosfolipaz A2 gibi molekiiller de igerir (10).

3. An1 Zehri

Apitoksin ad1 verilen ar1 zehri, arillarin (Apis mellifera L.) karin boslugunda yer alan bir bez
tarafindan salgilanir. Arnlarin siklikla yirtict hayvanlara karst savunma araci olarak
kullandiklar1 kokusuz ve seffaf asidik bir sividir. Bal aris1 zehri, ana bileseni olan melittin,
apamin, adolapin, mast hiicresi degraniile edici peptid, histamin, dopamin ve norepinefrin,
fosfolipaz A2 ve hiyaliironidaz gibi gesitli aktif molekiiller igerir. Ana bilesenler, kuru zehrin
yaklasik yiizde 50'sini olusturan melittin ve yaklasik yiizde 12'sini olusturan fosfolipaz A2'dir.
Klasik tipta ar1 zehri ve ar tiirevi toksinler, artrit, kanser, agrilarin ve kronik inflamatuar
bozukluklarin tedavisinde kullanilmistir (11, 12).

Ar sokmasi tedavisinde arilar dogrudan hedef noktaya giderek ignelerini kullanir, ar1 zehri
tedavisinde ise arilardan toplanip liyofilize edilmis zehir, farkli dozlarda dogrudan enjekte edilir
(12). Romatoid artrit ve sedef hastalig1 gibi otoimmiin hastaliklar, nérolojik bozukluklar, kronik
inflamasyonlar, cilt hastaliklar1, agr1 ve bazi enfeksiyonlar gibi farkli sikayetlerin tedavisinde
ar1 zehri enjekte edilmektedir (13).
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Bal aris1 zehri, aci tadi, hos kokulu, 6zgiil agirligi 1.13 ve pH" 4.5-5.5 olan berrak bir sividir,
havayla temas ettiginde hizla kurur ve kristallesir (14). Kurutulmus zehir acik sar1 bir renge
doniisiir ve bazi ticari preparatlar kahverengiye doner. Suda ¢oziiniir, alkol ve amonyum siilfatta
¢Oziinmez. Ar zehri, toplama sirasinda kolayca kaybolan ¢ok sayida ugucu bilesik icerir (12).

Bal aris1 zehri fosfolipaz A2, fosfolipaz B, asit fosfomonoesteraz, hiyaliironidaz, fosfataz ve
lisofosfolipaz gibi enzim goérevi goren proteinlerin yani sira melittin, apamin, adolapin, tertiapin
ve secapin gibi daha kiigiik proteinleri ve peptitleri igerir.

Diger bilesenleri i¢cinde fosfolipitler ve histamin, dopamin ve noradrenalin gibi fizyolojik olarak
aktif aminler, amino asitler, glikoz ve fruktoz gibi sekerler, feromonlar ve kalsiyum ve
magnezyum gibi mineraller de bulunmaktadir. Bal aris1 zehrinin ana bileseni, 26 amino asitten
olusan ve kuru zehrin %40-50'sini temsil eden melittindir (15).

Ar zehrinin farmakolojisi in vivo ve in vitro ¢alismalarla incelenmistir. Ar1 zehrinin anti-
mutasyon Onleyici, anti-mikrobiyal, agr1 kesici, antiinflamatuar, néroprotektif, anti-artritik
radyasyondan koruyucu, anti-hepatotoksik, oksidasyonu oOnleyici, sitoprotektif, metastaz
Onleyici ve antitiimor gibi ¢ok c¢esitli farmakolojik etkileri vardir (16, 17).

4. Ar1 Zehrinin Klinik uygulamalar

Ar1 zehrinin ¢ok ¢esitli biyolojik 6zellikleri goz oniine alindiginda, birgok hastalikta tedavi edici
amaglarla kullaniminin dogru bir yaklagim oldugu diistiniilmektedir. Ar1 zehri tedavisi, diger
birgok tamamlayici ve alternatif tip yaklagimi gibi, birgok hastaligin tedavisinde
kullanilmaktadir (12). Enjeksiyonla uygulanmasindan 6nce, bal arist zehri dogrudan bal
arilarinin igneleri araciligiyla hasta dogrudan sokturularak tedavi saglaniyordu (18).

Canli bal ar1s1 yonteminde, bal arisi, zehri uygulayan kisi tarafindan cimbiz veya bagka bir aletle
diizgiin bir sekilde tutulur ve daha sonra hastanin viicudunun tedavi edilecek kismina koyulur
ve bu noktada bal aris1 refleks olarak sokar. Bal arilar1 ¢ogu zaman insan viicudunu soktugunda
Oliir ancak, baska bocekleri soktuklarinda 6lmezler. Bal aris1 insan viicudunu soktuktan sonra
igneyi geri ¢ekemez, igne ile birlikte sindirim sisteminin bir kismini, kaslar1 ve sinirleri de
birakir bu da 6liimiine yol acar (19).

Apiterapi duruma bagl olarak, dogrudan ar1 sokmasi, ar1 zehri enjeksiyonu veya ar1 zehri
akupunkturu gibi farkli tedavi yontemlerle uygulanabilmektedir. Ar1 zehrinin dogrudan bal
arisindan alinmasi yerine enjeksiyon yoluyla uygulanmasi tavsiye edilse de ¢cogu ¢alisma ve
uygulama, akupunkturun mekanik uyarimi ile birlesen biyoaktivite nedeniyle ar1 zehri
akupunkturunu tavsiye etmektedir. Klinik ortamlarda akupunktur noktalarina ari1 zehri
enjeksiyonunun Alzheimer, Parkinson hastaligi, noropatik agri, intervertebral disk hastaligi,
omurilik yaralanmasi, kas-iskelet sistemi agrisi, artrit, multipl skleroz, cilt hastaliklar1 ve kanser
gibi klinik bozukluklarin tedavisinde etkili oldugu rapor edilmistir. Ar1 zehrinin akupunktur
noktalarina enjeksiyonunun etkinligi muhtemelen anti-inflamatuar, anti-nosiseptif ve anti-
apoptoz etkilerinden kaynaklanmaktadir (20).

Arilarin tedavi potansiyeli ile ilgili olarak, insanlarda yapilan bir ¢alisma, ar1 zehri
akupunkturunun, yetiskinlerin 8 hafta boyunca haftada iki kez 10 akupunktur noktasinda
uyarilmasi durumunda Parkinson hastaliginin tedavisinde adjuvan olarak etkinlik gosterdigini
gostermistir (21).
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Ayrica ar1 sokmasi tedavisi uygulandiginda Bati ilaclarinin dozlariin azaltilabilecegini ve
niiksetme oraninin azaldig1 da belirtilmektedir.

Ar zehrinin, 6zellikle de melittin'in ¢esitli kanser tiirlerine kars1 potansiyel kullanimina iliskin
pek ¢ok olumlu sonug¢ olmasina ragmen, spesifik olmayan sitotoksisitesi nedeniyle insanlara
uygulanabilirligi olduk¢a zorlu olmaya devam etmektedir (22).

Art zehrinin genis kapsamli terapotik potansiyellerine ragmen, ari1 zehri uygulamasiyla
baglantili potansiyel yan etkiler veya alerjik reaksiyonlar da goriilebilmektedir (23).

Sistemik alerjik ar1 sokmasi reaksiyonlar1 ¢ocuklarin %3.,4'line ve yetiskinlerin %7,5'ine
kadarinda gosterilmistir. Bu alerjik reaksiyonlar, hafif ve ciltle sinirli veya hayati tehdit eden
anafilaksi riski tagiyan orta ila siddetli olarak kategorize edilebilir. Bu nedenle ar1 zehri tedavisi
uygulanmadan 6nce mutlaka alerji testi yapilmalidir. Daha ileri sistemik sokma reaksiyonlarini
ortadan kaldiran tek tedavi, zehir allerjisi olan ¢ocuklarda ve yetigskinlerde daha ileri orta-
siddetli sistemik sokma reaksiyonlarin1 6nledigi belirtilen venom immiinoterapisidir (24).

Arn zehrinin protein yapisindan dolayi, mide-bagirsak enzimleri tarafindan sindirilebilmesi
nedeniyle agiz yoluyla uygulanmasi zordur. Ar1 zehri tedavisi, arilarin dogrudan belirli
noktalar1 sokmasi, saflastirilmis ve steril ar1 zehrinin enjekte edilmesi, ar1 zehri merhemleri,
kremler, haplar, damlalar, gibi farkli sekillerde uygulanabilmektedir. Bal arilarinin dogrudan
sokmastyla yapilan tedavi, geleneksel bir tedavi yontemi olarak kabul edilmektedir. Sokmanin
neden oldugu agr1 ve iltihaplanma, kandaki diizenli konsantrasyonlarint korumanin zorlugu,
melittin'in yart dmriiniin kisa olmasi nedeniyle uzun siireli bir dizi sokma veya enjeksiyon
uygulanmasinin gerekliligi gibi bircok dezavantaj1 vardir (25).

5. Farmasotik Ar1 Zehri Uriinleri

Bati {ilkelerinde ar1 zehrinin enjekte edilebilir formlari, yan etkileri olan bazi ilaglara alternatif
bir yoldur. Bu 6zellikle romatoid artrit i¢in gecerlidir. Hastaligin tiiriine bagl olarak ar1 zehri,
krem, tablet veya merhem formunda kullanilabilir. Diger farmasotik formlar, ar1 zehrinin steril,
enjekte edilebilir sivilarla karistirilmast ve bunlarin cam siselere veya siringalara
doldurulmasindan olusur. Ayrica kuru zehir liyofilize halde tutulur ve enjeksiyon sirasinda
solventle karistirilir (26).

Avrupa ve Cin'de ar1 zehri soliisyonlar1 elektroforez veya ultrasonoforez ile de
kullanilmaktadir. Bazi tireticiler, 6nemli etkiler elde etmek i¢in ar1 zehrine, polen, propolis, bal
ve art siitli gibi diger baz1 ari tirlinlerini de eklemistir.

Sonuc¢

Bu calismada, alternatif bir tedavi protokolii olarak ¢esitli hastaliklarin tedavisinde ve ilag
toksisitelerine karsi koymada ar1 zehrinin kendisinin veya fraksiyonlarinin igerigi tartigilmastir.
Ar zehri ve bilesenlerinin yaygin ve giincel molekiiler etki mekanizmalari, bilimsel yayinlar
15181nda incelenmis ve gesitli alanlarda kullanildig1 sonucuna varilmistir.

Bal aris1 zehri ve bilesenleri ¢ok cesitli biyolojik ve farmakolojik aktivitelere sahiptir.
Klinisyenler tarafindan bir¢ok hastaligin tedavisinde klinik uygulamalara konu olmustur. Farkli
ilkelerde bir¢cok hastaligin tedavisinde kullanilmak iizere lisanslanmistir. Apitoksin gesitli
farmasotik formlarda ve farkli sekillerde ilag pazarlarinda yerini almistir. Zehir igeriginde
bulunan her bir molekiiliin arastirmacilar tarafindan ayrintili olarak incelenmesi hem literatiire
hem de yeni triinler ve uygulamalar gelistirilmesine 151k tutacaktir. Ar1 zehri ve bilesenlerinin
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etkinliginin artirilmast ve yan etkilerinin azaltilmasi amaci ile yeni formlar gelistirilerek
giivenilirligini artirict ¢caligmalar yapilabilir.
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ABSTRACT

In this study, a risk analysis study was conducted using the L-Type Matrix method at the facility
where gas and electrical modules, bedside patient service units, intensive care units, bridge-
type intensive care units, pendants, medical gas sockets, flowmeters, pressure and flow
regulators, vacuum adapters, pressure reducers, monitor stands, connection equipment were
manufactured as medical materials. This method is based on the fact that the probability of
being in a danger situation is examined by giving numerical values in the evaluation of the
result after the event. Pre-prepared guestions are given to employees at the place where the risk
analysis will be performed. The participation of employees in this study is important. In this
study, it was determined that the current risk score was between 15 and 25, which constitutes a
high risk. In the unit where the risk is high, firstly, where spiral grinding is performed, as a
hazard, using an unsuitable tool for work, electric shock, not using the tool housing, not using
appropriate PPE(personal protective equipment), while using a compressor, noise, vibration,
lack of periodic maintenance, lack of a safety valve, use without housing, hazards present in
the manufacture of 600 kg carascal, rope breakage, lack of grounding, defective cable use,
hazards present in the use of a 3-ton ozmaksan parallel crane, rope rupture, electric shock, injury
and death, the dangers present in the production of Jul-like milling, the lack of clean and tidy
working area, the machine does not work without protection, the machine cables are defective,
grounding is not performed, the workpiece is not fully connected, the dangers present in the
CNC machine, periodic maintenance is not performed, the dangers present in the sharpening
stone, the risks are high due to broken, deformed cable. The necessary risk preventive studies
have been carried out in places where the risk is high and the current high risk value has been
minimized. These protective and preventive studies are as follows: ensuring the use of cables
suitable for work, installing them by checking if the equipment used also needs to be
maintained, ensuring the use of authorized persons, ensuring the use of PPE suitable for work,
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installing hazard warning signs, providing regular training, hanging instructions for the use of
devices used, performing necessary periodic maintenance, grounding, making work clothes
suitable for work, the risk value has been reduced to 1-5 level by controlling the operation and
stop buttons where the machines are working.

Keyword: Risk in medical equipment production, L-type matrix, safety measures

1. INTRODUCTION

In 2003, the Labor Law No. 4857, which came into effect, includes a section under the fifth
chapter (articles 77-89) that consists of 13 articles related to occupational health and safety
(OHS). This section includes articles on "obligations of employers and employees, health and
safety regulations, suspension of work or closure of the workplace, occupational health and
safety committee, and occupational health and safety services" [1].

Throughout history, it has been observed that humans have always been part of working life.
The activeness of humans in working life becomes a significant area of interest and effort for
individuals, families, societies, and states. Therefore, the working environment, conditions, the
health and safety effects on employees in this environment, and the employer's obligation to
take all necessary measures in working life became more prominent with the Occupational
Health and Safety Law No. 6331, which came into effect in 2012 [2]. This law aims to ensure
that all employees work in a healthy and safe environment under all conditions, physically,
mentally, and socially.

The law includes studies in the fields of medical, technical, and occupational hygiene.
Additionally, under this law, the state, employers, and employees work together as a team. The
general obligations of the employer in the Occupational Health and Safety Law are defined as
follows:

OCCUPATIONAL HEALTH AND SAFETY LAW

General Obligations of the Employer

ARTICLE 4 -

The employer is obliged to ensure the health and safety of employees in relation to their work,
and within this framework:

a. Takes all necessary measures, including prevention of occupational risks, provision of
training and information, organization, provision of necessary tools and equipment, adaptation
of health and safety measures to changing conditions, and improvement of the current situation.
b. Monitors, inspects, and ensures the elimination of nonconformities in compliance with the
occupational health and safety measures taken at the workplace.

¢. Conducts or commissions risk assessments.

d. Considers the employee's suitability for health and safety when assigning duties.

e. Takes necessary measures to ensure that employees, other than those who have received
adequate information and instructions, do not enter places where there are life-threatening and
special hazards.
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The use of services from external specialists and institutions does not relieve the employer of
their responsibilities.

The obligations of employees in the field of occupational health and safety do not affect the
responsibilities of the employer.

The employer cannot charge employees for the cost of measures taken to ensure occupational
health and safety.

The Occupational Health and Safety Law also outlines some principles that employers should
consider while fulfilling their obligations [2].

Principles to be Considered in Fulfillment of Employer's Obligations
ARTICLE 5 -

The following principles shall be considered in the fulfillment of the employer's obligations:
a. Avoiding risks.

b. Analyzing risks that cannot be avoided.

c. Combating risks at their source.

d. Ensuring that the workplace's design, the selection of work equipment, working methods,
and production methods are tailored to individuals to mitigate the adverse effects of
monotonous work and production pace on health and safety, if these cannot be avoided, to
minimize them.

e. Adapting to technical developments.

f. Replacing dangerous with less dangerous or non-dangerous.

g. Developing a coherent and comprehensive prevention policy covering technology, work
organization, working conditions, social relationships, and the influence of environmental
factors.

h. Giving priority to collective protective measures over personal protective measures.

I. Giving appropriate instructions to employees.

The law also sets out rules that employees must comply with [2].

OCCUPATIONAL HEALTH AND SAFETY LAW
ARTICLE 19 -

Employees are obliged to ensure their own health and safety, as well as the health and safety of
other employees affected by their actions or work, in line with the training they have received
and the employer's instructions on occupational health and safety.

Employees are required to:

a. Use machinery, devices, tools, hazardous substances, transport equipment, and other
production means in accordance with the rules, and use safety devices correctly, without
arbitrarily removing or altering them.

b. Properly use and maintain personal protective equipment provided to them.

c. Immediately inform the employer or employee representative of any serious and imminent
danger to health and safety and any deficiencies in protective measures in the workplace.
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d. Cooperate with the employer and employee representative in rectifying any deficiencies and
violations identified by the competent authority during inspections.

e. Cooperate with the employer and employee representative to ensure occupational health and
safety within their own area of responsibility.

Occupational health and safety topics include detailed definitions of occupational diseases,
work-related illnesses, and work accidents. According to Law No. 6331, occupational disease
is defined as “a disease caused by exposure to occupational risks,” and a work accident is
defined as “an event that occurs in the workplace or due to the conduct of work, causing death
or bodily harm, either mentally or physically” [3]. It is emphasized that working conditions are
of great importance in relation to these definitions. Occupational safety activities include
ensuring the protection of employees, providing a comfortable and safe working environment,
and identifying and eliminating hazardous situations before they occur.

In Turkey, workplaces are classified into specific hazard classes based on their work area. The
hazard classes are divided into three categories: very hazardous, hazardous, and less hazardous.
The Occupational Health and Safety Law No. 6331, along with relevant regulations and
notifications, details occupational health and safety services within the framework of this
classification. Risk assessment starts with identifying the existing potential risks in the
workplace and determining the risk assessment method, forming the working team. It consists
of identifying risks, measuring the likelihood and impact of risks, ranking risks, selecting or
developing control measures, monitoring risks, analyzing control results, and reducing high
risks identified in any unit [4-5].

In this study, a risk analysis was conducted using the L-Type Matrix method in a facility
classified as hazardous, where medical material production is carried out, including gas and
electrical modules, patient bed head service units, intensive care units, bridge-type intensive
care units, pendants, medical gas outlets, flowmeters, pressure and flow regulators, vacuum
adapters, pressure reducers, monitor stands, and connection equipment. This method involves
assigning numerical values to assess the likelihood of being in a hazardous situation and the
outcome after an event.

2. EXPERIMENTAL STUDIES

L-Type matrix (5x5) method is an easy-to-apply method where risks are identified and cause-
effect relationships are evaluated. Risks are defined as situations that are known to have a
probability of occurring, but the exact time, manner, and form of occurrence are unknown.
Quantitative and qualitative methods are used in risk analysis. The main purpose of risk
assessment is to remove existing obstacles in the progress of the enterprise, which is its
objective, to determine and implement the necessary measures. The L-type matrix method is
known as a preferred method in cause/effect analysis. In this method, the risk value is expressed
as a combination of the probability of the event occurring. Both severity and probability
components take numerical values from 1 to 5. Risk values range from 1 to 25 [6].

Matrix risk assessment largely relies on the foresight of the person or team conducting the risk
assessment. Therefore, its use in analyzing complex systems can yield inaccurate results.
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Similarly, when used for simple systems or processes, the results can vary depending on the
knowledge and experience of the person conducting the risk assessment. Hence, it is ideal for
use in simple systems for low and medium hazardous tasks.

Before conducting a matrix risk analysis, a preliminary check can be performed using the
checklist risk assessment method for a more effective evaluation.

In the matrix method, the ranking of risks is done by multiplying the numerical values of the
probability of the risks occurring and the impact they create. In short, risk is the product of
probability and impact values.

Risk = Probability x Impact

To calculate the risk value and classify the risks, a probability table, an impact table, and a risk
rating table must first be created. Many matrix risk analysis studies use a 5-level system,
meaning probabilities and impacts are rated in 5 parts. However, there is no strict rule for this
rating, and it can be adjusted to a 4, 6, or 10-level system according to the need. This entirely
depends on the preference of the individual or organization conducting the risk analysis [7].

Table 1. Exemplar Impact Rating Table

Impact Rating Description Score
VERY LIGHT No Loss of Working Hours — Only First Aid 1
LIGHT No Loss of Workdays — First Aid or Medical Treatment 2
MEDIUM Accident with Loss of Working Days — Minor Injury 3
SERIOUS Limb Loss, Serious Injury — Long Term Treatment 4
VERY SERIOUS Death, Environmental Disaster 5

Table 2. Exemplar Probability Rating Table

Probability Rating Score

Almost Not Possible (Once a Year) 1

Less Likely (A Few Times a Year) 2

Possibly (Once a Month) 3
High Probability (Once a Week) 4
Inevitable (Every Day) 5

The above Tables 1 and 2 are prepared for the 5-level system. Using these two Tables, the
following risk matrix consisting of 25 sections will be derived [8].

Table 3. Exemplar Risk Matrix Table
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Impact
Score 1 2 3 4 5
1 1 2 3 4 5
2 2 4 6 8 10
Probability 3 3 6 9 12 15
4 4 8 12 16 20
5 5 10 15 20 25

The scores from 1 to 25 in Table 3 show the score of each risk. These scores should be classified
by rating the risks according to the decision of the organization.

For example:

= 1 and 2 points: Acceptable, no preventive measures required
= 3, 4, and 6 points: Needs attention, preventive measures can be taken in the long term
= 5, 8, 9, and 10 points: Important, preventive measures should be taken in the short

term

= 12, 15, and 16 points: Highly important, immediate preventive measures required

= 20 and 25 points: Unacceptable, work should not start without taking preventive
measures

This scoring should be completely based on the company's own evaluation. For instance, the
risks with scores of 3 and 4, considered as risks that need attention in this example, may be
deemed acceptable risks for another company. Additionally, the reason for defining risks with
a score of 5 as "Important Risk™ here is due to their fatal impact or frequent occurrence. A risk
resulting in death is important even if it has a low probability. Similar to the 5-level system
above, matrix risk analysis can also be conducted using a 7-level system.

Table 4. Illustrative 7-Point Impact Rating Table

Impact Rating Description Score
HARMFUL No Loss of Work Hours or Treatment 1
VERY LIGHT No Loss of Working Hours — Only First Aid 2
LIGHT No Loss of Workdays — First Aid or Medical Treatment 3
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MEDIUM

Accident with Loss of Working Days — Minor Injury
IMPORTANT

Accident with Loss of Working Days — Significant Injury
SERIOUS

Limb Loss, Serious Injury — Long Term Treatment
VERY SERIOUS

Death, Environmental Disaster

7
Table 5. Exemplar 7-Point Probability Rating Table
Probability Rating

Score
Almost Not Possible (Once a Year)

Less Likely (A Few Times a Year)

2
Possibly (Once a Month)
Probably (A Few Times a Month)

High Probability (Once a Week)

5
Inevitable (Every Day)

Continuous (Several Times a Day)

Table 6. Exemplar Risk Matrix Table

Impact

Score

Probability

14
12
4

18
12

24
15

25 30 35
12 18 24 30

36

42
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The risk definition representing each risk score should be determined by the company. To
increase the reliability of risk analyses performed using the matrix risk assessment method, a
scoring method can be used by averaging the scores given by multiple people.

Benefits of the Matrix Method

As mentioned initially, the matrix method is a very easy-to-use method. It is a risk analysis
method that does not require special expertise or training for many business sectors, and it is
performed using only mathematical operations. Its simplicity and ease of application make it a
quick method for preliminary risk analysis. For a new job, a risk analysis can initially be
performed using the matrix method, and later supported with a more systematic method. During
this period, risks are kept under control, and unforeseen accidents are prevented.

Despite its ease and speed, the matrix method's lack of reliance on calculations and historical
data makes its use in complex systems and highly hazardous jobs often disadvantageous.
Additionally, since it does not rely on calculations and historical data, meaning it is subjective,
different results can be obtained depending on the individuals conducting the risk analysis. This
undermines the consistency of the method [9].

Where is Matrix Risk Analysis Used?

The matrix risk assessment method can be used seamlessly in all low-hazard jobs and
workplaces. Due to the low occurrence of accidents and the lack of historical data in such
workplaces, the matrix method will yield easier and more accurate results compared to other
systematic methods. The matrix risk analysis is also quite accurate for places considered
hazardous but do not involve activities such as chemical materials or intensive electrical work,
like small businesses. For example, the matrix risk assessment method can be used for a barber
shop or a pharmacy classified as hazardous [9].

3. RESULT

In this study, high-risk results were obtained with the current risk score ranging from 15 to 25.
Preventive actions were organized in the existing high-risk unit, and the risk assessment was
repeated. As a result of this study, the risk value was reduced to between 1 and 5 through the
preventive measures taken. Necessary risk prevention efforts were made in areas where the risk
was high, minimizing the existing high-risk value. These protective and preventive measures
are as follows: ensuring the use of appropriate cables, checking and installing necessary
protections for the equipment used, ensuring that authorized personnel use the equipment,
ensuring the use of suitable personal protective equipment (PPE), placing hazard warning signs,
providing regular training, posting usage instructions for the devices used, performing
necessary periodic maintenance, grounding, making work clothes suitable for the job, and
controlling the start and stop buttons in the areas where machines operate. These measures
reduced the risk value to a level of 1-5.
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ABSTRACT

In this study, a risk analysis study was conducted using the L-Type Matrix method at the facility
where gas and electrical modules, bedside patient service units, intensive care units, bridge-
type intensive care units, pendants, medical gas sockets, flowmeters, pressure and flow
regulators, vacuum adapters, pressure reducers, monitor stands, connection equipment were
manufactured as medical materials. This method is based on the fact that the probability of
being in a danger situation is examined by giving numerical values in the evaluation of the
result after the event. Pre-prepared questions are given to employees at the place where the risk
analysis will be performed. The participation of employees in this study is important. In this
study, it was determined that the current risk score was between 15 and 25, which constitutes a
high risk. In the unit where the risk is high, firstly, where spiral grinding is performed, as a
hazard, using an unsuitable tool for work, electric shock, not using the tool housing, not using
appropriate PPE(personal protective equipment), while using a compressor, noise, vibration,
lack of periodic maintenance, lack of a safety valve, use without housing, hazards present in
the manufacture of 600 kg carascal, rope breakage, lack of grounding, defective cable use,
hazards present in the use of a 3-ton ozmaksan parallel crane, rope rupture, electric shock, injury
and death, the dangers present in the production of Jul-like milling, the lack of clean and tidy
working area, the machine does not work without protection, the machine cables are defective,
grounding is not performed, the workpiece is not fully connected, the dangers present in the
CNC machine, periodic maintenance is not performed, the dangers present in the sharpening
stone, the risks are high due to broken, deformed cable. The necessary risk preventive studies
have been carried out in places where the risk is high and the current high risk value has been
minimized. These protective and preventive studies are as follows: ensuring the use of cables
suitable for work, installing them by checking if the equipment used also needs to be
maintained, ensuring the use of authorized persons, ensuring the use of PPE suitable for work,
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installing hazard warning signs, providing regular training, hanging instructions for the use of
devices used, performing necessary periodic maintenance, grounding, making work clothes
suitable for work, the risk value has been reduced to 1-5 level by controlling the operation and
stop buttons where the machines are working.

Keyword: Risk in medical material production, L-type matrix, safety measures

3. INTRODUCTION

Work life is a part of life where everyone must earn a living economically. Individuals face
various risks originating from the work environment throughout their working life. Identifying
these potential risks and ensuring that employees work in a healthier and safer environment is
the employer's obligation. Employees deal with physical, chemical, biological, ergonomic,
environmental, and psychological risks in the work environment. These existing risks progress
to a level that causes a decrease in work performance, ultimately leading to work accidents and
occupational diseases. Therefore, it is crucial to bring the work environment in line with
occupational health and safety regulations to create a healthy and safe working environment
[1].

According to the definition made by the World Health Organization (WHO) and the
International Labour Organization (ILO) in 1951, “occupational health is the protection,
development, and maintenance of the physical, mental, and social well-being of workers in all
occupations at the highest level, and the adaptation of work to people and workers themselves.”
The primary goal is to protect the health of employees, treat those whose health is impaired,
and make the environment a safe working environment [1].

In Turkey, Occupational Health and Safety came to the fore in 2012 within the historical
development process. Since then, efforts to educate employees, raise awareness, and make
employers understand the seriousness of the matter have been progressing rapidly. With Law
No. 6331, the proactive perspective has especially come to the fore. Another issue that was
overlooked before this date is the proper recording of work accidents and occupational diseases,
which is significant for raising awareness. When examining the accidents and occupational
diseases that occurred, it was concluded that they were caused by the work environment.
Therefore, minimizing or eliminating potential risks at their source is an unavoidable issue in
today's work environment [2]. Consequently, OHS holds significant importance economically,
socially, and technically. A healthy and safe environment should be ensured through joint
efforts by the state, employees, and employers.

Before the Occupational Health and Safety Law No. 6331, the National Work Programs
prepared since 2001 were as follows:

e Labor Law No. 4857 and the regulations issued based on this law,
e Adoption of ILO Conventions No. 155 and 161,
« Action Plans prepared in line with the National OHS Policy Document,
o Commitment to enacting the OHS Law in the 2007-2013 EU Harmonization Program
[3].
General Obligations of the Employer
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The general obligation of the employer is expressed as follows in the Occupational Health and
Safety Law No. 6331. As in international legislation, national legislation has also assigned all
responsibility in the OHS field to the employer. In article 4 of the law, the general framework
of this obligation has been drawn, and in the following articles, the obligations are detailed
specifically:
1. Prevention of occupational risks, conducting or having risk assessments conducted,
2. Taking all necessary measures, including providing protective equipment, training,
and information to employees,
3. Organizing OHS,
4. Adapting health and safety measures to changing conditions and improving the current
situation,
5. Monitoring compliance with OHS measures taken at the workplace.
The Occupational Health and Safety Law also outlines some principles that employers should

consider while fulfilling their obligations [3].
Principles to be Considered in the Fulfillment of Employer's Obligations

1. Avoiding risks.

2. Analyzing risks that cannot be avoided.

3. Combating risks at their source.

4. Ensuring that workplaces' design, the selection of work equipment, working methods,
and production methods are tailored to individuals to mitigate the adverse effects of
monotonous work and production pace on health and safety, if these cannot be
avoided, to minimize them.

Adapting to technical developments.

Replacing dangerous with less dangerous or non-dangerous.

7. Developing a coherent and comprehensive prevention policy covering technology,
work organization, working conditions, social relationships, and the influence of
environmental factors.

8. Giving priority to collective protective measures over personal protective measures.

9. Giving appropriate instructions to employees.

The law also sets out rules that employees must comply with [4].

Obligations of Employees
ARTICLE 19 -

1. Employees are obliged to ensure their own health and safety, as well as the health and
safety of other employees affected by their actions or work, in line with the training
they have received and the employer's instructions on occupational health and safety.

2. Employees are required to:

1. Use machinery, devices, tools, hazardous substances, transport equipment, and
other production means in accordance with the rules, and use safety devices
correctly, without arbitrarily removing or altering them.

Properly use and maintain personal protective equipment provided to them.

3. Immediately inform the employer or employee representative of any serious
and imminent danger to health and safety and any deficiencies in protective
measures in the workplace.

4. Cooperate with the employer and employee representative in rectifying any
deficiencies and violations identified by the competent authority during
inspections.

5. Cooperate with the employer and employee representative to ensure
occupational health and safety within their own area of responsibility.

SRl

no
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Every workplace in the OHS field contains its unique risks. In the existing workplace, one of
the various risk methodologies should be applied to minimize the existing risks and potential
hazards, and health and safety measures should be taken. ldentifying risks, measuring the
likelihood and impacts of risks, ranking risks, selecting or developing control measures,
monitoring risks, analyzing control results, and reducing high risks identified in any unit are
part of these efforts [4-5].

In this study, a risk analysis was conducted using the L-Type Matrix method in a facility
classified as a hazardous workplace where medical material production, including gas plants,
air plants, vacuum plants, AGSS (anesthesia gas scavenging systems), regional service units,
alarm systems, and hospital equipment, is carried out. This method involves assigning
numerical values to assess the likelihood of being in a hazardous situation and evaluating the
outcome after an event.

4. EXPERIMENTAL METHODOLOGY

The L-Type matrix (5x5) method is an easy-to-apply method where risks are identified and
cause-effect relationships are evaluated. Risks are defined as situations that are known to have
a probability of occurring, but the exact time, manner, and form of occurrence are unknown.
Both quantitative and qualitative methods are used in risk analysis. The main purpose of risk
assessment is to remove existing obstacles to the progress of the enterprise, determine the
necessary measures, and implement them. The L-type matrix method is known as a preferred
method in cause/effect analysis. In this method, the risk value is expressed as a combination of
the probability of the event occurring. Both severity and probability components take numerical
values from 1 to 5. Risk values range from 1 to 25 [6].

Matrix risk assessment largely relies on the foresight of the person or team conducting the risk
assessment. Therefore, its use in analyzing complex systems can yield inaccurate results.
Similarly, when used for simple systems or processes, the results can vary depending on the
knowledge and experience of the person conducting the risk assessment. Hence, it is ideal for
use in simple systems for low and medium hazardous tasks.

Before conducting a matrix risk analysis, a preliminary check can be performed using the
checklist risk assessment method for a more effective evaluation.

In the matrix method, the ranking of risks is done by multiplying the numerical values of the
probability of the risks occurring and the impact they create. In short, risk is the product of
probability and impact values.

Risk = Probability x Impact
To calculate the risk value and classify the risks, a probability table, an impact table, and a risk
rating table must first be created. Many matrix risk analysis studies use a 5-level system,
meaning probabilities and impacts are rated in 5 parts. However, there is no strict rule for this
rating, and it can be adjusted to a 4, 6, or 10-level system according to the need. This entirely
depends on the preference of the individual or organization conducting the risk analysis [7].
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Table 1. Exemplar Impact Rating Table

Impact Rating Description Score
VERY LIGHT No Loss of Working Hours — Only First Aid 1
LIGHT No Loss of Workdays — First Aid or Medical Treatment 2
MEDIUM Accident with Loss of Working Days — Minor Injury 3
SERIOUS Limb Loss, Serious Injury — Long Term Treatment 4
VERY SERIOUS Death, Environmental Disaster 5

Table 2. Exemplar Probability Rating Table

Probability Rating Score

Almost Not Possible (Once a Year) 1

Less Likely (A Few Times a Year) 2

Possibly (Once a Month) 3
High Probability (Once a Week) 4
Inevitable (Every Day) 5

The above Tables 1 and 2 are prepared for the 5-level system. Using these two Tables, the
following risk matrix consisting of 25 sections will be derived [8].

Table 3. Exemplar Risk Matrix Table

Impact
Score 1 2 3 4 5
1 1 2 3 4 5
2 2 4 6 8 10
Probability 3 3 6 9 12 15
4 4 8 12 16 20
5 5 10 15 20 25

The scores from 1 to 25 in Table 3 indicate the score of each risk. These scores need to be
classified by the organization's decision in order to classify the risks.
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For example:

= Scores 1 and 2; Acceptable, Risks requiring no action

= Scores 3, 4, and 6; Risks requiring attention, Actions can be taken in the long term

= Scores 5, 8, 9, and 10; Significant, Risks requiring immediate action

= Scores 12, 15, and 16; Highly significant, Risks requiring immediate action

= Scores 20 and 25; Unacceptable, Risks that should not be started without action taken

This scoring should be created entirely based on the company's own evaluation. For example,
risks considered to require attention with scores 3 and 4 may be considered acceptable risks for
a different organization. Additionally, the reason for defining risks with a score of 5 as
"Significant Risk" here is because they may have a lethal effect or occur very frequently. A risk
resulting in death, even with low probability, is significant. Similar to the 5-level system
described above, matrix risk analysis can also be conducted using a 7-level system.

Table 4. llustrative 7-Point Impact Rating Table [8].

Impact Rating Description Score
HARMFUL No Loss of Work Hours or Treatment 1
VERY LIGHT No Loss of Working Hours — Only First Aid 2
LIGHT No Loss of Workdays — First Aid or Medical Treatment 3
MEDIUM Accident with Loss of Working Days — Minor Injury 4
IMPORTANT Accident with Loss of Working Days — Significant Injury 5
SERIOUS Limb Loss, Serious Injury — Long Term Treatment 6
VERY SERIOUS Death, Environmental Disaster 7

Table 5. Exemplar 7-Point Probability Rating Table

Probability Rating Score
Almost Not Possible (Once a Year) 1
Less Likely (A Few Times a Year) 2
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Possibly (Once a Month) 3
Probably (A Few Times a Month) 4
High Probability (Once a Week) 5
Inevitable (Every Day) 6
Continuous (Several Times a Day) 7

Table 6. Exemplar Risk Matrix Table

Impact
Score 1 2 3 4 5 6 7
1 1 2 3 4 5 6 7
2 2 4 6 8 10 12 14
Probability 3 3 6 9 12 15 18 21
4 4 8 12 16 20 24 28
5 5 10 15 20 25 30 35
6 6 12 18 24 30 36 42
7 7 14 21 28 35 42 49

The risk definition representing each risk score should be determined by the company.
To increase the reliability of risk analyses performed using the matrix risk assessment
method, a scoring method can be used by averaging the scores given by multiple people.
As mentioned initially, the matrix method is a very easy-to-use method. It is a risk
analysis method that does not require special expertise or training for many business
sectors, and it is performed using only mathematical operations. Its simplicity and ease
of application make it a quick method for preliminary risk analysis. For a new job, a risk
analysis can initially be performed using the matrix method, and later supported with a
more systematic method. During this period, risks are kept under control, and unforeseen
accidents are prevented. Despite its ease and speed, the matrix method's lack of reliance
on calculations and historical data makes its use in complex systems and highly hazardous

jobs often disadvantageous. Additionally, since it does not rely on calculations and
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historical data, meaning it is subjective, different results can be obtained depending on
the individuals conducting the risk analysis. This undermines the consistency of the
method [9]. The matrix risk assessment method can be used seamlessly in all low-hazard
jobs and workplaces. Due to the low occurrence of accidents and the lack of historical
data in such workplaces, the matrix method will yield easier and more accurate results
compared to other systematic methods. The matrix risk analysis is also quite accurate for
places considered hazardous but do not involve activities such as chemical materials or
intensive electrical work, like small businesses. For example, the matrix risk assessment

method can be used for a barber shop or a pharmacy classified as hazardous [9].
3. RESULT

In this study, high-risk results were obtained with the current risk score ranging from 15 to 25.
Preventive actions were carried out in the unit where the risk was high. With the preventive
measures taken, the risk value was reduced to between 1 and 4. These protective and preventive
measures are as follows: ensuring the use of appropriate undamaged tools, avoiding the use of
tools without grounding, ensuring the use of equipment with protective covers, providing
training before the use of machines, ensuring that machines are only used by authorized
personnel, emphasizing the importance of using personal protective equipment (PPE), placing
appropriate warning and caution signs in the working area, conducting periodic maintenance
on time, replacing damaged cables, ensuring the use of appropriate clothing during work, using
gloves when handling fluids in machines, maintaining a clean and suitable floor, using heat-
resistant gloves, using appropriate PPE when welding, ventilating the environment, and
ensuring that emergency buttons are operational. These measures reduced the risk value to a
level of 1 to 4.
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