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Aragtirma Makalesi

Is Analitigi ve Kurumsal Is Zekas1 Raporlama Sistemlerine
Dayal Performans Analizi

Aysun Sagbas! ¥, Elanur Isik>"

L2 Endiistri Miihendisligi, Corlu Miihendislik Fakiiltesi, Tekirdag Nammk Kemal Universitesi, Tekirdag, Tiirkiye

lasagbas@nku.edu.tr, *elanuriskk@gmail.com

Oz Uretim ve hizmet isletmeleri basta olmak iizere; tiim kurum ve kuruluslarda dogru ve etkin kararlarin alinabilmesi igin; performans
6l¢lim sistemleri, faaliyetlerin optimizasyonu ve mevcut verilerin analiz edilerek gelecege yonelik ¢ikarimlar yapilmasi bityiik 6nem
tagimaktadir. Verilerin islenmesi, gorsellestirilmesi ve gosterge panellerinin olusturulmasi, sirket yonetimi i¢cin mevcut durumun analiz
edilmesinde 6nemli oldugu kadar, hedeflerin belirlenmesi, stratejik kararlarin alinmasi ve verimli bir siire¢ yonetimi i¢in de oldukc¢a
kritiktir. Son yillarda, verilerin doniistiiriilmesinde, anahtar verilerin goriintiilenmesinde, kuruluslarin degerlendirilmesi ve anahtar
performans gostergelerinin sunulmasinda is zekas1 araclar1 ve teknolojileri yogun olarak kullanilmaktadir. Is zekasi, uzun vadeli
stratejik planlarin olusturulmasini, raporlamalarin daha kisa siirede, verilere dayanilarak elde edilmesini saglamaktadir. Bu ¢alismada,
telekomiinikasyon alaninda hizmet veren bir isletmede, yeni bir iiriin tasarimi siirecinde kalite giivence ekibinin performansini
degerlendirmek, is siireclerini optimize etmek ve operasyonel verimliligi artirmak igin, haftalik olarak olusturulan raporlarin, gésterge
paneline entegre edilmesi gergeklestirilmistir. Bu amagla, veriler is zekas: portalinda DAX programlama dili ve Power Query ile
islenerek, karar destek siiregleri olusturulmustur. Sonugta, mevcut verilerin gérsellestirilerek daha kolay ve hizli okunmasi, is yiikiinde
azalma, verinin anlik olarak gercek zamanli alinmasi ve raporlama siirecinin anlik takip edilerek dijitallesmesi hedeflenmistir.

Anahtar kelimeler: f; Analitigi, 1;? Zekds1, Raporlama, Performans Analizi

Performance Analysis Based on Business Analytics and Enterprise Business Intelligence Reporting Systems

Abstract: In order for accurate and effective decisions to be made in all types of organizations, particularly in manufacturing and
service businesses, the implementation of performance measurement systems, optimization of activities and analysis of existing data
to make future-oriented insights are of great importance. Processing, visualizing and creating dashboards for data, not only play a
significant role in analyzing the current state of the company for management but also are crucial for setting objectives, making strategic
decisions and managing efficient processes. In recent years, business intelligence tools and technologies have been commonly utilized
in transforming data, displaying key metrics and presenting key performance indicators for organizations to evaluate. Business
intelligence facilitate the creation of long-term strategic plans and enable reporting to be obtained more quickly and based on healthier
data. In this study, within a telecommunications business, as part of a new product design process, the integration of a weekly report
into a dashboard was carried out to evaluate the performance of the quality assurance team, optimize business processes and enhance
operational efficiency. For this purpose, data was processed using the DAX programming language and Power Query in the business
intelligence portal, leading to the establishment of decision support processes. As a result, the visualization of existing data for easier
and faster readability, reduction in workload, real-time acquisition of data and digitization of the reporting process through real-time
monitoring have been aimed for.

Keywords: Business Analytics, Business Intelligence, Reporting, Performance Analysis

*Sorumlu yazar
E-mail adresi: elanuriskk@gmail.com (E. Isik)
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1. Giris

Hayatin tiim alanlarinda oldugu gibi, is diinyasinda da siirekli
tretilen veriler; dogru ve stratejik kararlarin alinmasi,
isletmelerin performansinin 6l¢iilmesi, miisteri ihtiyaglarmin
tam ve zamaninda karsilanmasi ve trendlerin belirlemesi vb.
gibi pek ¢ok alanda yaygin olarak kullanilmaktadir. Bu durum,
sirketlere rekabet istlinliigli saglamakta ve siirdiiriilebilir
biiytimenin tegvik edilmesinde dnemli avantajlar sunmaktadir.
Biiyiik hacimli yapilandirilmamis verilerin islenmesi, analizi,
gorsellestirilmesi ve verilerin bir araya getirilmesi amaciyla,
son yillarda is zekasi araglart ve teknolojilerinin kullanimi,
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biiyiik 6nem arz etmektedir. Is zekas: sistemlerinde; farkli
analitik araglar ve teknolojiler ile wverilerin bilgiye
donistiiriilerek karar verme siirecine yardimci olmalari
saglanmaktadir. Is zekasi sistemleri, planlayicilar ve karar
vericilere karmasik ve rekabetci bilgi sunmak amaciyla; veri
toplama, veri depolama ve bilgi yonetimini birlestirmektedir
[1]. Is zekas1 metodolojisi; analiz, dizayn, ilerleme, dagitim ve
evrim olarak bes asamal1 bir yasam dongiisiinden olugmaktadir
(Sekil 1).
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Sekil 1. Is Zekas: Bilesenleri [2]

Is zekasi, karar alma siirecini desteklemek i¢in tasarlanmis
sistemlerin dogal bir sonucudur. Bir depo olarak veri
ambarimin ortaya ¢ikisl, veri temizleme araglarmdaki
ilerlemeler, donanim ve yazilimm daha biiyiik yetenekleri,
kullanic1 arayiiziinii saglayan internet teknolojilerindeki
gelismeler, zengin bir is zekas1 ortanm yaratmistir [3]. Is zekas1
sistemleri; ¢evrimici analitik isleme (OLAP), ¢cevrimigi islem
ylrlitme (OLTP), veriyi ¢ekme, doniigtirme ve yiikleme
(ETL), veri madenciligi ve veri depolari gibi bilesenleri
sayesinde verinin isletme hedeflerine uygun bir sekilde
islenmesini depolanmasini, ayristirtlmasini ve gerektiginde
raporlanmasini saglamaktadir. Sadece ¢ok uluslu sirketler
degil, orta ve kiigiik 6lgekli isletmeler de, isletmenin i¢ ve dig
ortamu ile ilgili verileri ve gostergeleri ekseninde olusturulan
tahminleri ve c¢ikarimlart yogun olarak kullanmaya
baglamistir. Bu kapsamda, is zekasi; etkin ve proaktif olarak
kullanilmakta, isletmelere mevcut ve gelecek i¢in is kararlar
almada iyi bir bilgilendirme ve rekabet¢i olma avantaji
saglamaktadir. Giiniimiiz isletmelerinde tam, dogru ve
zamaninda bilgiye erisimi ve otomasyonu saglayarak, bilgi
akiginin stirekliligini miimkiin kilan bir sistem ve teknoloji
olarak kullanilan is zekasinin temel amaci; zamaninda ve
kaliteli bilgi saglanmas1 ve is siirecinin gelistirilmesidir. Is
zekasi kavramu, tarihte ilk kez Hans Peter Luhn [4] tarafindan
1958 yilinda kullanilmigtir. Luhn’a gore is zekasi, istenen bir
hedefe ulagsmak icin mevcut bilgilerin iliskilerini
anlamlandirma yetenegi olarak tanimlanmaktadir. Moss ve
Atre [5] ise is zekasini, isletme c¢alisanlarinin isle alakali
verilere kolaylikla erisebilmesi i¢in kullanilan veri tabanlari,
biitiinlesik islemler ve karar destek sistemlerinden bir araya
gelen yazilim mimarisi seklinde tanimlamistir. Sabanovic ve
Soilen’e gore [6] is zekasi, bir sirketin organizasyonel
¢evresini ve ortamini daha iyi anlamak i¢in etkili bir raporlama
ve analiz aract olarak kullanilmakta ve yoneticilere karar

vermek i¢in temel veriler saglamaktadir. Adelman ve
arkadaslari [7] is zekasini, bir sirketin kullanicilarinin daha iyi
is kararlar1 vermesi amaciyla bilgileri toplamak, birlestirmek,
analiz etmek ve bilgiye erisim saglamak igin ¢ok cesitli
analitik yazilim ve ¢Oziimleri kapsayan bir terim olarak
tanimlamaktadir. Rick ve Lans [8] is zekasin1 ham verileri
anlamli ve kullanigli bilgilere doniistiren metodolojiler,
stiregler, mimariler ve teknolojilerin bir kiimesi seklinde
betimlemis ve bu bilgilerin daha etkili stratejik, taktik ve
operasyonel gorisler ile karar alma siireglerini desteklemek
icin kullamldigmi dile getirmistir. Is zekas1 1.0; yonetim
bilisim sistemleri ve karar destek sistemlerinin, temel
istatistiksel yontemler ve basit veri madenciligi tekniklerinin
yaygin olarak kullanildigi 1970-1980°1i yillarda ortaya c¢ikan
ilkgag is zekas: sistemleridir. OLAP, veri madenciligi, internet
ve web teknolojisinin is zekasi sistemleri ile kullanilmaya
baslandig1 donem; is zekasinin ikinci ¢ag1 (1990-2005) olarak
adlandirilmaktadir. Is zekas: 3.0 ise; mobil cihazlar, RFID
(radyofrekans tanimlama), barkod, sensorler gibi ileri
teknolojik iiriinlerin devreye girdigi donemdir. Is zekas:
sistemleri, bu yeni {irlinler ile daha gii¢lii hale gelmistir. Bulut
is zekasi sistemleri ise; diisiik maliyet, esneklik ve hizl
kullanim gibi istiin oOzellikleri sayesinde, yazilim ve
donanimlara minimum ¢aba ile erisim saglayabilmektedir [9].
Cetin ve Tanndver [10], personel memnuniyetinin 6l¢iilmesi
amaciyla, bir devlet kurumunda personel verilerini yonetmek
icin veri madenciligi tekniklerini ve is zekasi sistemlerini
kullanmiglardir Calismada kiimeleme analizi ve iligki kurallari
algoritmalarin1  kullanarak personel memnuniyet analizi
yapilmis ve farkli personel gruplarimi inceleyerek, personel
eksenli 6zel ihtiyaglarn ele alinmistir. Elde edilen bulgular,
anlaml bilgilere dayali olarak personel i¢in karar verme ve
planlama faaliyetlerinde etkili olmus ve ¢ok Onemli katki
saglamistir. Pazarceviren ve arkadaslart [1] bir tekstil
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firmasinda satis birimleriyle ilgili siire¢ yonetiminin, is zekasi
uygulamasiyla ne sekilde ilerledigini arastirmistir. Caligmanin
sonucunda is zekas: sisteminde ihtiyac duyulan baslica
bilesenler OLAP, veri madenciligi, veri depolar1 ve ETL
araglari olarak smiflandirilmistir. Isletmede kurumsallasma ve
karmagik {iiretim siliregleri gibi nedenlerle, bilgi akis
stireglerinin  karmagikligin1 ~ degerlendirmigler, su anki
teknolojik gelismeler sayesinde, veri yiginlarindan elde edilen
bilgiler ve belirlenen parametreler gergevesinde raporlama
yapildigint belirtmislerdir. Kokli [11] tarafindan yapilan
calismada, is zekasinin 6nemi ve amaci lizerinde durulmustur.
Is zekas1 uygulamalarmin is sonuglarmi daha iyi, daha hizl ve
daha kolay analiz edebildigi, ayn1 zamanda verilerin gorsel
olarak anlagilir oldugu ve farkli gorevlerdeki insanlarin da bu
verileri rahatlikla anlayabildigi belirtilmistir. Koyuncugil, ve
Ozgiilbas [12] ¢alismasinda, veri madenciliginin saglik
sektoriinde karar verme siirecindeki basarisini incelemistir.

Calismada veri madenciligi uygulamalar1 ve yontemlerinin is
zekastyla iligkisi ve karar verme siireglerine etkisi anlatilmistir.
Tiirk [13] numune {iretim at6lyesinde gergeklestirdigi is zekasi
calismasinda, raporlama, analiz ve siire¢ takibinin yonetildigi
bir gosterge paneli olusturmus ve yapilan uygulama oncesi
isletmenin mevcut durumu analiz edilmis ve is zekasi
uygulamas: sonrasi gergeklestirilen toplantilarda %60
oraninda bir iyilesme gozlemlenmistir. Veri analizinin
kolaylig1 ve tiim siireclerin is zekasina dahil edilmesiyle
onemli iyilestirmeler oldugu sonucuna ulasilmisti. Bu
calismada; bir telekomiinikasyon sirketinin kalite giivence
biriminde, is zekas1 uygulamasi yapilmis ve biiyiik hacimli
verinin  gorsellestirmesi ~ gergeklestirilmistir.  Glinlik ve
haftalik olarak yapilan islemlerde siire¢ ve performansin
iyilestirilmesi, is takibi, is glincellenmesi vb. gibi hedefler i¢in
bir gosterge paneli olusturulmustur. Bu amagla, giinliik iglerin
durumu, sayisi, birimlerin verimliliginin glinlik ve aylik
olarak goriintiilenebilmesi saglanmis ve olusturulan gosterge
paneli ile {ist yonetime sunulan raporlarin manuel sistemden
otomasyona déniismesi ve bu sayede rapor olusturulmast i¢in
harcanan adam/saat oraninin minimize edilmesi miimkiin
olmustur. Sonugta; verilerin anlik giincellenmesi, istenilen
zaman periyodunda link {izerinden kontrollerin yapilip,
kararlarin daha kolay ve daha hizli alinmasi gergeklestirilmis
olup, iggiicii ve zaman tasarrufu saglanmustir.

2. Is Zekas1 Mimarisi ve Metodolojisi

Veri analizi, istatistiksel bir siiregtir ve toplanan verilerin
Ozetlenmesi, modellenmesi, kesfedilmesi, doniistiiriilmesi,
organize edilmesi ve yorumlanmasimi igermektedir. Veri
kaynaklarindan elde edilen bilginin daha anlamli hale
getirilerek problem ¢dzme veya karar verme amaglariyla
kullanilmasi da, veri analizinin islevleri arasindadir. Verilerin
dogrulugunu ve giivenilirligini saglamak icin, dikkatli bir
sekilde veri temizleme, doniigtirme ve Olgekleme islemleri
gerceklestirilmelidir. Derinlemesine incelenen ve modellenen
veriler sayesinde sonuglar ¢ikartilirken, gorsellestirme ile daha
anlamli hale gelmeleri de saglanmaktadir. Is zekasi
uygulamalar1 dogru bilgiye ulasabilmek icin verilerin
analizini, doniistiiriilmesini, gorsellestirilerek veri
yorumlanmasini ve organizasyondaki her kullanicinin dogru
bilgiye kolay ulasmasmi saglamaktadir. Anlik olarak
ulagilabilen temiz veriler sirket icgindeki ¢alisanlarin,
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yoneticilerin her faktdrii daha kapsamli degerlendirmesini,
daha hizli ve saglikli sonuglar almasini saglamaktadir. Ayrica
is zekasi, birgok kaynaktan alinan verilerin analizinin birden
¢ok birim tarafindan birlikte degerlendirilmesini saglayan ve
bu kapsamda karar verme siireglerinde anlamli raporlarin
olusturulmasinda kullanilan ok 6nemli bir metodolojidir. Is
zekast ya da kurumsal zeka; en basit anlami ile ham verinin,
analiz ve karar destek amaci ile anlamli ve yararl bilgiye
doniistiiriilmesi islemidir. Bu islemi en kisa siirede yapmak
icin de ig zekasi sistemleri, ¢ok biiyiik miktarda veriyi isleyip,
karar vericilerin kolayca algilayabilecegi gorsellere, raporlara,
grafiklere, sunumlara dontistirmekle yiikiimlidiirler. Bu
sekilde i zekasi sistemi, kullanicisinin dogru karar verebilme
yetkinligini arttiran bir karar destek sistemidir. Is zekas1, karar
vermeyi destekleyen ve bilgi teknolojilerini temel alan biitiin
stirecler, teknikler ve araglar igin genel anlamda kullanilan bir
terimdir. Is zekas1 genellikle veri madenciligi, veri analizi,
raporlama ve veri gorsellestirme teknikleri kullanilarak
gerceklestirilir. Is zekas1 potansiyeli agisindan ele alindiginda;
veriyi anlamli hale getirme, 6zetleri gorsellestirme, alternatif
senaryolar: modelleme ve tahmin modelleri gibi bilesenleriyle
kullanicilarin verilerle olan etkilesimini arttirici 6zelliklere
sahiptir. Bir yonetim paneli {izerinden ilerleyen siirecle birlikte
kullanilan  tiim  bilesenler, karar destek siirecinin
saglanabilmesi amaciyla, veri kiimelerini analiz edilebilir,
yorumlanabilir ve c¢ikarim yapilabilir hale getirmektedir
[14,15]. Is zekas: uygulamalari icerisinde; veri depolama ve
yonetimi araglar, veri gorsellestirme araglari, raporlama
araglari, veri analizi araglari ve yapay zeka ve makine
ogrenimi araclart yaygm olarak kullamlmaktadir. Is zekasi
araglart ile isletmelerde, performans yodnetimi, pazarlama
analizi, finansal yonetim, operasyonel verimlilik, rekabet
analizi ve miisteri iligkileri yonetimi vb. gibi uygulamalar
gerceklestirilebilmektedir. Isletme performansinin
Olglilmesiyle; is siirecleri hakkinda bilgiler saglanabilir,
pazarlama analizi ile pazar trendleri ve miisteri davranislari
hakkinda bilgiler elde edilebilir. Isletmelerin rekabet
stratejilerinde, etkinlik, verimlilik ve sirdiiriilebilirligin
olciilebilmesi igin is zekast stratejik bir girisimdir. Is zekas:
sistemlerinin faydalar1 sadece rekabet Ustiinligii saglamak
degildir. Bu faydanin yanisira maliyet tasarrufu saglamak,
pazar analizi yaparak igletme gelirlerini arttirmak, problemleri
tespit etmek, miisteri memnuniyetini arttirmak, kurum igi
siireglerin iyilestirilmesini saglamak da miimkiindiir [16]. Is
zekas1 araglar1 kullanmadan Once, isletmeler analizlerinin
¢ogunu manuel yapmak zorunda iken, is zekasi araglan ile
bircok siirecin otomasyona gevirilip kurumlarin zaman ve is
giiciinden tasarruf saglamasi miimkiin olmaktadir. Is zekasi
uygulamalarinda, verilerden elde edilen bilginin daha kolay
yorumlanmasit  amaciyla; veri toplama, analiz ve
gorsellestirme, nihai karar verme adimlart takip edilmektedir.
Is planlar1 ve isletme raporlar1 temelde; tepe ve faaliyet
yoneticilerinin karar alma siireglerine 6nemli destek saglamak
amaciyla  olusturulmaktadir. Rapor firetim siirecleri;
isletmelerin glinimiizde giderek daha kurumsal yapilar haline
gelmesi nedeniyle karmasgik bilgi sistemlerinin kullanilmasini
gerektirmektedir. Dolayisiyla isletmeler miimkiin oldugunca
hizli ve en iyi kararlar1 alabilmek amaciyla, ihtiyag duyulan
¢ok sayida bilginin elde edilebilmesi igin karar alma siirecini
gelistiren ¢oziimlerden biri olan is zekasini kullanmaktadirlar
[17]. Yapilan ¢aligmada kullanilan Power BI uygulamasi,

56



Microsoft firmas: tarafindan 2013 yilinda gelistirilmis, bulut
tabanli bir i ¢oziimleme hizmetidir. Power BI kullanilarak,
operasyonel panolar aracilifiyla kurumlarin anlik durumlari
incelenebilmekte ve gorsel raporlart ile kurum verileri
derinlemesine arastirilabilmektedir. Power BI, bir¢cok dosya
uzantisin1 destekleyen bir yelpazeye sahip ve gesitli veri
kaynaklarini destekleyen ve bu kaynaklardan elde edilen
verilerin analiz edilip gorsellestirilmesine olanak saglayan
Microsoft Office tabanli is zekasi aracidir. Kullanicilarin
dinamik gdsterge panelleri ve raporlar olugturmasint miimkiin
kilan veri gorsellestirme, veri temizleme ve veri doniistiirme
araclar1 saglamaktadir. Organizasyonlarda is siireglerine
iliskin anlik bilgiler saglayan yonetici gosterge panel
uygulamalar1 olusturulabilmektedir. Genel olarak Power BI,
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organizasyonlarda verileri analiz edip gorsellestirmek igin
kullanimi kolay araclar ile, yonetici raporlarinin gergek bilgiye
dayali, sade, net bilgiler veren sunumlara olanak
saglamaktadir. Power BI ile kullanicilar, bulut tabanl
veritabanlari, Excel elektronik tablolar1 ve web tabanl
hizmetler dahil olmak iizere ¢ok cesitli veri kaynaklarina
baglanabilmekte, 6zel raporlar ve panolar olusturmak icin
verileri doniistiirerek modelleyebilmektedir. Veri modelleme
araglar1 sayesinde veri hazirligina harcanan zamandan tasarruf
edilmektedir. Power Bl ile, verileri, detayli olarak inceleyip bu
veriler arasindaki iligkileri kesfetmek, hizli analizler, veri
gruplama, tahmin yapma ve veri kiimeleme miimkiindiir.
Power BI veri modeli $ekil 2.’de gosterilmistir.

F Customer Master |
= Custemer PO
s Custemer PO Detail E Power BI Query

CUSTOMER FOUXLS

b Exployee Mast
o Workgroup Master

= Mschine Msser

Production Order Detal | pRODUCTION. XLS

F Product Master

= Materia] Masior

= X Power B1 Query
b Stock-cn-Hand Seapshat

PRODUCT
RELATEDXLS

- Supplicr Master
- Supplier PO
- Supplier PO Detail
Power BI Query
snrrl 1ER POUXLS

Sales & Marketing

Dashboards.

Eeployce Master
I Workgroup Assigesnent
Mschine Power Bl Query
Meachine Assignomcnt
Productiosn Order

PPIC Dashboards

Sekil 2. Power BI Veri Modeli [18]

Veri entegrasyonu, kurumlarin islerini yiiriitmeleri i¢in tek bir
sistem veya veri kaynaginin yetersiz oldugunun fark etmeleri
ile ortaya cikmistir. Veri entegrasyonu ile kurumlar birgok
farkli veri kaynagini birlikte kullanabilmektedir. Veri
ambarlar1 da raporlama ve analitik ihtiyaglari desteklemek i¢in
veri entegrasyon tekniklerini siklikla kullanmaktadir. Veri
entegrasyonu, iglenmesi ve sunumu siiregleri Sekil 3. de

verilmistir.
ianipones ]
OLAF: Itﬁrlli
I

Sekil 3. Verinin Entegrasyonu, Islenmesi ve Sunumu
[19]

Burada veri ambarlart ve veri marketleri kullanilarak farkli
mimari yaklagimlar gosterilmektedir. Veri isleme asamasinda
biitin araglar Oncelikle verinin degerlendirilmesi ve
analizinden sorumludurlar. Bu siire¢ veri modelini belirlemek
igin ¢evrimi¢i analitik isleme ve veri madenciligini

bilesenlerini igcermektedir. Verinin sunumu ve analizi her
alanda ¢ok onemli bir yere sahiptir. Verinin sunumu, grafikler,
tablolar, haritalar ve diger gorsel metotlar1 igermektedir.
Verinin sunumunda gosterge panelleri, yonetim araglari,
kurumsal karneler &nemli bir yere sahiptir ve verinin
anlagilabilir olmasini saglamaktadir [20,21].

3. Is Zekas1 Modelinin Olusturulmas:
3.1. Mevcut Durum Analizi

Uygulamanin yapildigi telekomiinikasyon sirketinde miisteri
i¢in yeni bir iirliniin kullaniciya sunulmasi siirecinde; verinin
bilgiye doniistiiriilerek raporlanmasi ve bu raporlar ekseninde
karar almanin daha hizli ve etkin yapilabilmesi amaciyla is
zekast araglart  kullamilmis ve siirecin  performansi
degerlendirilmisti. Mevcut durumda, isletmenin kalite
giivence biriminde toplam 9 ekip gorev yapmakta ve giinliik
olarak 3 ayr1 Microsoft Excel tablosu seklinde otomatik mail
olarak gonderilen verilerin islenmesi, 9 ekip tarafindan manuel
yapilarak, {ist yonetime raporlanmaktadir. Veri gdnderme
stireci hafta, ay ve yil bazinda diisiiniildiigiinde; veriler hem
veri depolama alaninda ¢ok fazla yer kaplamakta, hem de
ulasilmast ve takibi zorlastirmaktadir. Ayrica, gelen Excel
tablolarinda  veriler  temizlenmemis  durumdadir ve
kullanilmayan siitunlarin ¢ok fazla oldugu ve peryotlarin iist
iste bindigi goriilmektedir. Bu sebeple, calisan personelin
veriyi bilgiye doniistiiriip rapor sunma siirecinde, zaman ve
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isgiicti kayb1 olusmakta ve gecikmeler yasanmaktadir. Mevcut
durumda yoneticiler agisindan verileri degerlendirme, dogru
yorumlama ve etkin karar alma siireci verimli olmamaktadir.
Ayrica, kisi bazli ve ekip bazli  performans
degerlendirmelerinin etkin olarak yapilamamasi da 6nemli bir
problemdir. Mevcut durum is akist Sekil 4.’de verilmistir.

Ekiplerin wari
analzierin
gerceklestnmes

e

—

Raporiann
toplanmas

S

Raporiann
I::n'fe;‘.nrme gl

Raporiann
paylagilmas

Sekil 4. Mevcut Durum Is Akt

Yapilan caligsmada; is siireglerini optimize etmek, operasyonel
verimliligi artirmak, dijital siirecler i¢in temel olusturmak ve
verileri gorsel hale getirmek amaciyla Power BI uygulamast
yapilarak yeni bir siire¢ tasarlanmis ve elde edilen kazanimlar
degerlendirilmistir.

3.2.Gelistirilen Karar Destek Sistemi

Mevcut siiregte iggiicli, zaman ve kalite optimizasyonu
saglamak amactyla Power BI uygulamasi ile bir karar destek
sistemi olusturulmustur. Kullamilan veri kaynagina, ilgili
personellerin daha kolay ve hizli erigebilmesi i¢in ortak alanda
bir klasor olusturulmus ve gelistirilen bir robot yardimiyla bu
veriler olusturulan klasore aktarilmistir. Olusturulan robot,
giinliik olarak gelen Excel tablolarini igeren mailleri belli bir
saat aralifinda ortak alandaki klasore aktarmaktadir. Power
BI’da olusturulacak rapor igin veri, bu ortak klasérden
almmaktadir. Power BI’da olusturulan raporun is akist Sekil
5.”de verilmistir.

Power BI igerisinde veri doniistiirme ve veri hazirlama araci
olarak Power Query kullanilmigti. Power Query,
kullanicilarin elektronik tablolardan, veri tabanlarindan, web
sayfalarindan ve diger dosya formatlarindan veri baglantisi,
birlestirme ve diizenleme yapmalarina olanak saglamaktadir.
Power Query ile kullanicilar filtreleme, siralama, gruplama,
pivotlama, bdlme ve birlestirme gibi bir dizi veri doniistiirme
gorevini  gergeklestirebilmektedirler. Ayrica, tekrarlayan
degerleri kaldirma, null degerleri degistirme ve veri tiplerini

Sagbas vd. / European J. Eng. App. Sci. 7(2), 54-60, 2024

doniistiirme gibi veri temizleme ve doniistiirme islemleri de
yapilabilmektedir.

Robotun verileri ortak
Klasore aklarmas

Y

Fower Bl'da refresh
butonunun
cahstinimas

Rapor hata iceriyor mu?

Raporun
paylasilmas

Sekil 5. Olusturulan Rapor Is Akist

Genel olarak, Power Query, veri hazirlama ve doniistiirme i¢in
giiclii bir aractir ve manuel veri manipiilasyonu ile
karsilastirildiginda, zaman ve iggiicli tasarrufu saglamaktadir.
Calismanin  veri analizi kisminda; ¢ok boyutlu veri
modellerindeki tablolardan ve iliskilerden degerler alarak veri
analizi islemleri yapmakta kullanilan Power BI Data Analysis
Expressions (DAX) uygulanmustir. DAX, 6zellikle biiyiik veri
kiimeleri  ilizerinde c¢alisirken, veri analizi siirecini
hizlandirmaya yardimci olmaktadir Ayrica, DAX formiilleri,
cesitli veri kaynaklar1 arasinda iliski kurmak i¢in kullanilan
6geler ve analiz sonuglarinin gorsellestirilmesi igin kullanilan
Olgiiler ve grafikler gibi birgok farkli oOzellikle birlikte
kullanilabilmektedir. DAX, karmasik veri modelleri ve
hesaplamalar i¢in olduk¢a giiclii bir aragtir ve Power BI
raporlarinda etkilesimli gorsellestirmeler, filtreler ve odlgiiler
gibi birgok ozelligin kullanilmasint da saglamaktadir. Power
BI uygulamasinda performans degerlendirmede kullanilan
verileri daha anlamli hale getirmek i¢in oldukga faydalidir.
Yeni iiriin tasarim siirecinde; lansman sayisi, miisteri sikayeti,
icretlendirme hatast vb. gibi hedef ve fonksiyonlarin
degerlendirilmesi  asamasinda  gerekli  hesaplamalarin
(Toplam, ortalama deger, yiizdelikler vb.gibi) yapilmasinda,
etkilesimli grafiklerin, gosterge panelinin ve raporlamalarin
olusturulmasinda  etkin  bir gekilde kullanilmaktadir.
Calismada, Power BI uygulamas: ile, raporlama sisteminin
etkinligini saglamak amaciyla bir ydnetici/gbsterge paneli
olusturulmus olup, olusturulan gosterge panelinin, veri
giincellemeleri ekseninde giinliik olarak otomatik yenilenmesi
saglanmis ve giinliik Excel tablolarinda sorgu yapilmasi
yerine, haftalik ve aylik performans gostergelerinin etkin
sekilde takip edilebilmesi saglanmisti.  Olusturulan
performans gostergeleri ve hedef deger rapor ekrani Sekil
6.’da verilmistir.

58



Ayhk STK Lansman

32

Aylik Bulgu

14

C6 Lansman

18

C1 Lansman

32

SOoL
Lansman

0 23

C7 Lansman

32
(69,57%)

Ekip Bazh Ayhik Bulgu

3 (21,43%) 3(21,43%)
Analiz Ekibi

@ (Blank)

®TEAM-K-BO-CARBON

TEAM-K-BO-KANBANYA

@TEAM-K-BO-SMARTCAN 2
®TEAM-K-BO-SOLDIERS (14,29%)

5 (35.71%)

Ayhk STK Lansman, Bulgu

®Aylik Bulgu @ Aylik STK Lansman

\m (30,43%)

1
TEAM-K-BO-MMICING (7.14%)

STK, SOL STK, C TiPi, BULGU - DASHBOARD

Analiz Ekibi

Sagbas vd. / European J. Eng. App. Sci. 7(2), 54-60, 2024

Hafta

AYLIK C TiPi LANSMANLAR

@ C7 Lansman © SOL Lansman ® C1 Lansman ®C6 Lansman

18 (24,66%) C
23 (31.51%)

32 (43,84%)

Ekip Bazh Ayhk STK Lansman

(Blanky
Team-k-so-careon [N
team-w-s0-0ss [N
team-i-so-mmicine - [N
Team-k-go-casesan  [NEN
ream-k-s0-kansanva [N
Team-k-so-smartcan  [IINEN
|

TEAM-K-BO-SIRILSCRUM

o

10

Sekil 6. Gelistirilen Performans Gostergeleri ve Hedef Deger Rapor Ekrant

Olusturulan gosterge panelleri ile karmasik veri setleri
gorsellestirilerek, anlagilir bir sekilde sunulmakta ve hangi is
stirecinden ne kadar islem yapildigy, is siireglerinin oranlari,
ekip bazli is siireglerinin kiyaslamasi vb. gibi performans ve
hedef degerleri goriintiilenebilmektedir. Mevcut durumda
giinlik Excel tablosu olarak gelen ve haftalik olarak
raporlastirilarak takip edilen performans ve hedef degerleri,
gelistirilen sistemde, anlik takip edilmekte ve belirlenen
hedeflere uygunluk bir sayfa rapor ekrani
izlenebilmektedir. Boylelikle, belirlenen hedeflere uygunluk
giinliik izlenebilmekte, is birimlerinin performansi daha hizl
takip edilebilmektedir. Bu sayede, verileri daha iyi analiz
edilmesi, egilimlerin tespit edilebilmesi ve kritik ig performans
gostergelerinin izlenebilmesi miimkiin olmaktadir. Uygulama
siirecinde olusturulan gosterge panelleri, ayarlanan saat

lizerinden

diliminde giinlik otomatik olarak giincellenmektedir. Bu
sekilde uygulama 6ncesinde haftalik olarak olusturulan rapora,
giinliik ulasilmast miimkiin olmaktadir. Anlik olarak durum
analizi saglanabilecegi i¢in karar siirecinde anlik veriye dayali
kararlarin alinmasi saglanmakta ve giincelleme yapilmasi
miimkiin olmaktadir. Gelistirilen raporlama sistemi ile;
manuel olarak haftalik rapor olusturulmasi i¢in harcanan siire
(adam/saat) ortadan kaldirilmaktadir. Ayrica insan faktoriiniin
otomasyona evrilmesiyle, isgiici ve zaman kazanimina
ilaveten, is siireclerindeki hata orani1 da azalmis ve kalitenin
iyilestirilmesi saglanmistir. Is zekas1 uygulamasi ile, verilerin
analizi kolaylikla yapilabilmekte, tek bir seferde yapilan veri
analizi, kaynaga ayn1 formatta yeni veri yiiklendigi zaman,
yenilenebilmektedir. Bu sekilde tek bir seferde yapilan analiz
tekrarlanmadan kendini siirekli yenilemekte ve tekrarli isler ve
islem siireleri ortadan kalkmaktadir. Mevcut siirecgte kalite
giivence bolimiindeki 9 ekip ayr1 ayr1 kendi insan kaynaklar1
ile verileri analiz etmekte ve ekipte raporu diizenleyen
personele aktarmakta, her bir ekipteki rapor sunucu ise
(toplam 9 kisi) kendi birim raporlarini, yoneticiye 6zet raporu
sunacak olan diger personele aktarmaktadir. Gelistirilen yeni
sistem, calisan is yiikii, personel maliyetleri, karar verme ve
performans sisteminin etkinligi acilarindan
degerlendirildiginde, raporun derlenmesi ve dzetlenmesinden
sorumlu 9 personelin i yilikiinlin minimize edildigi
goriilmektedir. Is yiikii sayisal olarak incelendiginde; her

ekibin kendi raporunu hazirlama siiresi 15-20 dakika, toplam
rapor hazirlik siiresi ortalama 157,5 dakika olmaktadir. Rapor
hazirlik  siirelerine, raporlarin  toplanma  siireleri de
eklendiginde; raporlarin karar vericiye iletilmesi i¢in ortalama
3 saat zaman harcanmaktadir. Onerilen sistemin yaratacag
katma deger (kazanimlar ve faydalar); personel planlamasi,
biitceleme ve is yiikii tahmini gibi alanlarda kullanilan ve
caliganin tam zamanli ¢aligma siiresine gore dlgiilen Full Time
Equivalent (FTE) ekseninde de degerlendirilmistir. Bir sirketin
toplam FTE sayisi, personel ihtiyaglarini belirlemek veya
biitge olusturmak i¢in kullanilabilmektedir. Ayrica, bir
projenin veya departmanmn i yiikii FTE cinsinden
hesaplanarak, kaynak tahsisini ve zaman gizelgesini yonetmek
icin de olduk¢a faydalidir. FTE, c¢aligsanlarin is giicii
planlamasinda ve kaynak yonetiminde kullanilan standart bir
6l¢iidiir ve isgiicii yonetiminde 6nemli bir rol oynamaktadir.
Genellikle haftada 40 saatlik ¢alisma siiresi tam zamanli olarak
kabul edildiginden, FTE degerlendirmesi i¢in bu ¢alismada
haftalik 40 saatlik ¢alisma siiresi uygulandigi kabul edilmistir.
(Standart farkli tlkeler veya sektorler arasinda kismen
degisebilmektedir). FTE hesaplamasi, ¢alisanin gergek
calisma  saatlerinin  tam calisgma  saatine
oranlanmasiyla yapilmaktadir. Bu calismada 9 personel

zamanli

tarafindan yapilan raporlama isleminde; toplam islem siiresi
0,26 saat kabul edildiginde; rapor hazirlamak igin aylik
yaklagik 12 saat i giicli harcamas: gerektigi belirlenmistir.
Gelistirilen is zekas1 modeli ile, 9 ekibin rapor hazirlamadan
sorumlu her bir ¢aligani igin, giinliik 3 saatlik iggiicii tasarrufu
saglanmas1 miimkiin olmaktadir. (Sekil 7).

Yapilan ¢alisma, hizli karar verme, performans izleme
sisteminin  etkinligi  agisindan  Onemli
saglamaktadir. Mevcut durumda hazirlanan rapor 9 ekipten
ayr1 ayri almip haftalik olarak birlestirilmekte ve rapor sayfa
sayis1 ortalama 18-19 sayfa olmaktadir. Isletmede karar verici,
is bazli sonuglart gorebilmek icin yaklasik 19 sayfalik raporu
gozden gecirmek durumunda kalmaktadir. Yapilan caligma
kapsaminda olusturulan gosterge paneli ile, tek bir sayfada
sunulan rapor; ekip, is, misteri, ticret vb. performans ve hedef

kazanimlar

degerleri agisindan ¢ok kisa bir zamanda irdelenebilmektedir.
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FTE ORANI

Sekil 7. FTE Performans Degerleri

Giinliik olarak giincellenen veriler sayesinde de verilerin takibi
haftalik yerine giinliikk de yapilabilmekte olup, veri analiz
stirecinde eklenen filtreler ile aylik ve haftalik olarak is
birimlerinin takibi hizli ve etkin olarak yiiriitiilebilmektedir.
Rapor takibin hizlanmasi ve kolaylasmasi ile beraber, islerin
baslangi¢-termin  siireleri, is birimlerinin performans,
belirlenen hedeflere uygunluk vb. gibi gostergeler yonetim
tarafindan daha hizli takip edilmekte ve is siiregleri ile ilgili
kararlarin daha hizli alinabilmesi miimkiin olmaktadir.

4. Sonug¢ ve Oneriler

Is zekas1, verileri anlamh bilgilere déniistiirerek, isletmelere
daha bilingli ve veriler ekseninde kararlar alma yetenegi
kazandirmaktadir. Bu siireg, isletme yoneticilerinin, gergek
zamanli ve ayrintili verilere eriserek, pazardaki egilimleri,
miisteri davraniglarni ve isletme performansii daha iyi
anlamasina katki saglamaktadir. Is zekasi, isletmelerin
operasyonel siireglerini optimize etmelerine de yardimci
olmaktadir. Verilerin analiz edilmesi ve gorsellestirilmesi
sayesinde isletmeler, kaynaklarmi daha etkili bir sekilde
kullanabilmekte, is siire¢lerindeki verimsizlikleri belirleyerek,
iyilestirme firsatlarini tespit edebilmekte, stratejik kararlarin
daha hizli ve veriye dayali bir sekilde alinabilmesi miimkiin
olmaktadir. Yapilan ¢alismada, bir telekomiinikasyon
sirketinde, verinin bilgiye donistiiriilerek raporlanmasi ve bu
raporlar ekseninde karar almanin daha hizli ve etkin
yapilabilmesi amaciyla, is zekasi araglarindan Power BI
uygulamast yapilmig ve siirecin performanst
degerlendirilmistir. Bu kapsamda olusturulan modelin; hizli
sorgulama, kullanim ve veri okuma kolayligi, veri giincelligi,
bilgi dogrulugu, icerdigi bilginin 6nemi, isletmeye katki vb
gibi performans gostergeleri agisindan verimlilik eksenli
degerlendirmesi yapilmis ve karar alma siireglerinde 6nemli
kazanimlar1 oldugu sonucuna ulagilmistir. Olusturulan
gosterge panelleri ile, wverilerin anlamli bir sekilde
gorsellestirilmesi  saglanmis olup, verilerin anlik olarak
giincellenmesi, isletme yoneticilerinin gercek zamanli olarak
isletme performansini takip etmelerine olanak taninmaktadir.
Yapilan c¢aligmada, manuel is siireglerinin otomasyona
evrilmesi sonucunda; is siireglerinin optimize edildigi,
operasyonel verimliligin ve kalitenin artti§i ve c¢alisan is
yikiinde azalma oldugu, dijital doniisime gecis igin bir
ilerleme saglandig1 belirlenmistir. I¢ ve dis gevreden gelen
verileri bilgiye doniistiirerek, analiz ederek, kurumsal hafizay1
olusturarak ¢evik bir isletme yapisina sahip olma ve veriye
dayali karar verme hedefinde olan isletmelerin, is zekasi
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sistemlerini kullanmalar1 ve bu sistemlere yatirim yapmalari
bir zorunluluk olarak goriinmektedir.
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Veri iyilestirme -Aysun Sagbas (AS); Bigimsel analiz - AS;
Arastirma - AS; Deneysel performans — AS; Veri toplama-
Elanur Isik (AI); Veri isleme - AI; Veri Analiz — AI-AS
Literatiir taramasi - Al; Yazan - AS; Inceleme ve diizenleme -
AS.

Cikar Catismasi Beyani

Yazarlar, bu makalenin arastirilmasi, yazarlig1 ve yaymlamasi
ile ilgili herhangi bir ¢ikar ¢atigmasi beyan etmemistir.

Kaynaklar

[1] Pazarceviren, S., Zor U., Giirbiiz F. (Ocak 2015), “Is
Zekast: Kavramsal Cergeve, Bilesenler Ve Isleyis”. Siyaset,
Ekonomi ve Yonetim Aragtirmalar1 Dergisi 3/1, 75-91.

[2] Cankal, O. (2018). Insaat Proje Yonetiminde Is Zekast
Uygulamasi, Yiiksek Lisans Tezi. Istanbul Universitesi.

[3] Solomon Negash (2004). Business Intelligence,
Communications of the Association for Information Systems.
13:177-195.

[4] Luhn, H.P. (1958). A Business Intelligence System. IBM
Journal of Research and Development, 2:314-319.

[S] Moss, L.T., Atre, S. (2003). Business Intelligence
Roadmap: The Complete Project Lifecycle for Decision
Support Applications. Addison-Wesley Professional.

[6] Sabanovic A., Soilen K. Customers’ Expectations and
Needs in the Business Intelligence Software Market, Journal
of Intelligence Studies in Business 2 (2012): 5-20.

[7] Adelman, S., Moss, L., Barbusinski, L. (2002). I found
several definitions of BI. DM Review, 5700-1.

[8] Lans, R. (2012). Data Virtualization for Business
Intelligence Systems. 3:27-57.

[9] Olszak C. M. (2016). “Toward Better Understanding and
Use of Business Intelligence in Organizations”, Information
Systems Management. 33/2:105-123.

[10] Cetin, G., Tanriover, O. (2020). Personel is Zekas1 Sistemi
ve Veri Madenciligi ile Personel Memnuniyetinin Olgiilmesi.
Avrupa Bilim ve Teknoloji Dergisi, 2:323-334.

[11] Ko6klii, K. (2018). is Analizi, is Analistligi ve Is Zekast.
Lectio Socialis, 2(2): 121-142.

[12] Koyuncugil, A., Ozgiilbas, N. (2010). Veri Madenciligi:
Tip ve Saglik Hizmetlerinde Kullanimi ve Uygulamalari.

Bilisim Teknolojileri Dergisi, 2(2): 57-63.

[13] Tiirk, A. (2020), Numune Uretimi Atélyesinde Is Zekas:
Uygulamasi, Yiiksek Lisans Tezi, Bursa Uludag Universitesi,
Bursa.

[14] Chaudhuri, S., Dayal, U., Narasayya, V. (2011). An
Overview of Business Intelligence Communications of the
ACM. 54(8): 88-98.

60



EUROPEAN JOURNAL OF @
@ European Journal of TR

EJEAS | Engineering and Applied Sciences

ISSN: 2651-3412 (Print) & 2667-8454 (Online)
Journal homepage: http://dergipark.gov.tr/EJEAS
Published by Corlu Faculty of Engineering, Tekirdag Namik Kemal University

European J. Eng. App. Sci. 7(2), 61-64, 2024

Arastirma Makalesi

Bobinleme Isleminde Kullanilan Farkh Parafinlerin Iplik
Ozelliklerine Etkisi

Ayse TURKTAS ALI * ©, Gonca YILDIZ PABUSCU ' ©, Timur ATiK ' ©, Fatma GOKTEPE 2
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Oz: Parafinleme, 6rme isleminde iplik ve basta igne olmak iizere 6rme makinasi elemanlari arasindaki siirtiinmeyi azaltmak igin
uygulanmasi gerekli olan bir islemdir. Iplik isletmelerinde parafin kaynakli sorunlar nedeniyle 6rme esnasinda kopuslar artabilmekte,
dolayistyla iretim randimani diigmekte, ortamda normalden fazla toz ve uguntu olusabilmektedir. S6z konusu sorunlarin ¢6ziimii igin
uygun parafin tiiriiniin kullanilmasi 6nemli olmaktadir. Bu ¢alismada bobinleme isleminde farkli parafinler uygulayarak iki farkli ring-
siro iplik tiirii (%100 pamuk, penye ve %100 melanj pamuk, penye) iiretilmistir. Bu amagla ¢alisma kapsaminda 5 farkl: ticari kati
parafin ¢esidi tedarik edilmis ve ayni iplikler iizerinde, ayn1 makina ayarlarinda ve ayni bobinleme makinasinda ¢aligma yapilmustir.
Uretilen ipliklerin parafin alma orani ve iplik siirtinme katsayis1 6zellikleri karsilastirilarak analiz edilmistir. Ayrica iiretilen ipliklerin
ozellikleri, fikse islemi 6ncesi ve fikse islemi sonrasi karsilastirilarak analiz edilmistir.

Anahtar kelimeler: Parafin, Iplik parafinleme islemi, Iplik siirtiinme katsayisi, Bobinleme
The Effect of Different Paraffin-Waxes Used in Winding Process on Yarn Properties

Abstract: Paraffin-waxing is a process that must be applied in knitting process to reduce the friction among knitting machine elements,
especially between the yarn and needle. In knitting mills, yarn breaks may increase during knitting due to paraffin-related problems,
thus production efficiency decreases while more dust and fly formation may occur in the environment. Therefore, it is important to use
the appropriate paraffin-wax to solve these problems. In this study, two different types of ring-siro yarns (as combed and melange yarns
containing 100% cotton fibers) were produced by applying different types of paraffin-waxes in winding process. For this purpose, 5
different commercial paraffin-waxes were supplied within the scope of the study and applied on the same yarns by using the same
machine settings and same winding machine. Yarn properties, especially in terms of paraffin-wax uptake ratio and yarn friction
coefficients, were compared and analysed. The properties of the yarns produced in the study were also discussed by comparing their
performance before and after the heat-setting process.

Keywords: Paraffin-wax, Yarn paraffin-waxing process, Yarn friction coefficient, Yarn winding

1. Giris kilavuz yiizey ozelliklerine (piiriizsiizliigli veya sertligi gibi)

L L o L ve iplik sevk hizina baghdir. S6z konusu kilavuzlar ile iplikler
Kisa-stapel iplik sektoriinde ipliklerin siirtiinme (friksiyon) arasinda olusan friksiyon ise uygun yaglayicilarin kullanilmasi
veya statik ve dinamik siirtiinme katsayisinin kontrol
edilmesiyle azaltilabilmektedir [1]. Bu anlamda parafinleme

islemi, 6rme isleminde iplik ve basta igne olmak {izere 6rme

ozelligi ve buna bagli olarak 6rme iglemi gibi sonraki prosesler
esnasinda olabildigince az uguntu olusturmasi énemli bir yer
tutmaktadir. Tekstil proseslerinde iplikler, kilavuz vb. amaglt
silindirler tizerinde kayarken olusan siirtiinme, temelde ipligin

o . T > makinast elemanlart arasindaki siirtlinmeyi azaltmak icin
ozelliklerine (6zellikle yiizey 6zellikleri); ipligin temas ettigi

uygulanmasi gerekli olan bir iglem olup, bilindigi iizere egirme

* Sorumlu yazar
E-mail adresi: ayse.turktas@gulletekstil.com.tr (A. Tiirktas Ali)
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sonras1 bobinleme adiminda yapilan parafinleme islemi bu tiir
iplikler icin rutin bir uygulamadir. Orme isleminde
parafinlemenin siirtinme ve buna bagl iplik tansiyonunun
azalmasina yol agarak uguntu olusumunu azaltict etkisi
bilinmekle birlikte zaman zaman parafinleme islemi kaynakl
sorunlar nedeniyle drme esnasinda iplik kopuslar1 artarak
iretim randimani diisebilmekte, ortamda normalden fazla toz
ve ucuntu olusabilmektedir. Dolayisiyla, kisa-stapel iplik
sektoriinde Orme iplikleri i¢in uygun miktarda parafin
uygulanmasit 6nemli olmaktadir.

Bir igletmede, bir noktadan digerine kilavuz bir yiizey
iizerinden temasla sevk halindeki ipliklerin maruz kaldig:
stirtiinme seviyesi ve temas agis1 dikkate alindiginda ( T, =
T, e#? ), iplik siirtinme katsayisimin azaltilmasimin iplik
tansiyonu agisindan ne denli 6nemli oldugu bilinmektedir [2].
Ote yandan metal malzemelere kiyasla yaglamanim lifler
iizerindeki etkisinin daha smirli oldugu ve siirtiinme
katsayisinin belli bir degerin altina inmedigi bilinmektedir. Bu
durum yaglayici malzemenin lif yiizeyinin tamamini
kaplayamamasi ile izah edilmekte olup, yaglayici malzeme
i¢in 6nemli nokta, temas noktalarinda mono-katman seklinde
yiizeyi kaplayabilmesi ve malzemeler arasinda temas alanini
azaltmas1 olmaktadir [2]. Stapel ipliklerin parafinlenmesi
durumunda ise ideal durum i¢in parafin maddesinin iplik
govdesinden sarkan lifler {izerinde noktasal olarak yer almasi,
ancak iplik igerisine niifuz etmemesi arzu edilir. Boylelikle
ipliklerin orijinal uzama ve elastisite 6zellikleri korunmus
olur. Parafinin fazla olmasi durumunda ise siirtiinme etkisiyle
lokal 1s1 sonucu yumusamasi, ardindan istenmeyen yagl film
tabaka olusturmasi ve boylelikle tam zitt1 yonde etki yaparak
friksiyonu artirma yoniinde rol oynamast miimkiindiir. Bu
dogrultuda parafin alma oraninda bir limit degerin géz 6niinde
bulundurulmasi gerektigi ve yliksek oranda parafin miktariin
orme isleminde uguntu miktarinimn artmasima olumsuz etkiye
sahip oldugu yapilan bazi ¢aligmalarla ortaya konmustur [3].
Nitekim parafin igerigi ile siirtiinme katsayisi arasinda Sekil 1
ile gosterilen kalitatif iligkinin varlig1 ¢ok iyi bilinmekte olup
[4], 6rme isleminde kullanilacak stapel iplikler i¢in uygun
parafin miktarinin ¢ok dikkatli segilmesi gerektigi agiktir.

Sekil 1. Stapel ipliklerde siirtiinme katsayisi ile parafin
icerigi arasindaki iligki. P: Parafin igerigi; u: Siirtiinme
katsayisi. I: Siirtiinme katsayisinin dnemli derecede
(vaklasik %50) azaldigi bélge; II: Pratik olarak
stirtiinme katsayisinin sabit oldugu bélge; 111: Siirtinme
katsayisinin onemli derecede arttigi bélge [4].

Tekstil proseslerinde siirtlinmeyi azaltmaya yonelik ¢ok farkl
yaglayict malzeme (lubricant) kullanilmakta olup bunlar 3
smifa ayrilabilir:  Akigkan-film  yaglayicilar;  sivi/kati
kombinasyonu yaglayicilar ve kat1 yaglayicilar. Yaglayict
malzemeler ¢ok sayida farkli  kimyasal  gruplar
icerebilmektedir. Zay1f 1s1 iletme Ozellikleri nedeniyle dikis
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islemi esnasinda ortaya ¢ikan 1sidan koruma fonksiyonu
gorerek friksiyonu azaltmasi nedeniyle dikis ipliklerinde
kullanilan yaglayicit malzemelerin ¢ogunlukla silikon igerdigi
bilinmektedir [1]. Dolayistyla kullanilan parafin tiiri davranist
belirleyen 6nemli bir etkendir. Kisa-stapel iplik sektoriinde
kullanilan ¢ok farkli parafin tiirii mevcut olup, bunlarin gerek
icerik gerekse yumusama ve erime noktalart bakimindan
farkliliklar icerdigi gézlenmektedir. Bu dogrultuda sunulan
caligma, pamuklu iplik igletmelerinde yaygin kullanilan farkli
parafin tiirlerinin iplik o6zellikleri ve fikse performansina
etkisinin analiz edilerek irdelenmesini amaglamaktadir.

2. Materyal ve Metot

Calisma kapsaminda 5 farkl ticari kat1 parafin ¢esidi farkl
firmalardan tedarik edilmis olup, gorselleri Sekil 2’de yer
almaktadir.

KULLANILAN PARAFiN GORSELLERi

|

[ A )Parafin w [ B Parafin 1€ )Parafin

[.D)Parafin {E )Parafin |

r
|
'i

Sekil 2. Calismada kullanilan kati parafinler

Yaglayict maddelerde viskozite derecesinin ¢ok Onemli
oldugu bilinmektedir. Dikis iplikleri i¢in diisiik viskoziteye
sahip bir yaglayict malzeme yiiksek oranda kullanilsa dahi,
viskozitesi yliksek olan yaglayict malzemenin etkisine
ulagilamadigy; yiiksek viskozitedeki silikon igerikli yaglayict
malzemenin ise dikis ignesinin termik enerjisini optimal
bi¢imde kontrol altina alabildigi belirtilmektedir [5]. Bu
nedenle ¢alismada Oncelikle kullanilan parafinlerin viskozite
degerleri arastirilmis olup, erime sicakliklar1 ve ulagilabilen
viskozite degerleri Tablo 1°de verilmektedir.

Tablo 1. Calismada kullanilan parafinlerin 6zellikleri

Parafin Erime Sicaklig1 Viskozite
kodu ©

A 60-65 °C 3-6 mm?%/s (100°C)

B 65-67 °C Uretici firmadan veri elde
edilemedi

C 59-61 °C Uretici firmadan veri elde
edilemedi

D 60- 62 °C 4-5,7 mm?¥s (100 °C)

E 60- 62 °C 4-5,7 mm?s (100 °C)

Tablo 2. Calismada kullanilan iplikler ile bobinleme ve
fikse islemine ait ¢alisma parametreleri

Iplik ipl. Elyaf Biikiim Iplik tiirii Bbn. Prf. Fikse
kodu No igerigi (t/m) hiz1 hiz1
(m/dk) (d/dk)
P1 Ne %100 740 Kompakt,
30 pamuk Ring-siro
(Ham 52°C,
pamuk; 40 dak.,
Penye) 120 mbar,
P2 Ne | %100 820 RKomvans, | 1200 8 (vakum)
30 pamuk Ring-siro
(Melanj
;Penye)

S6z konusu parafin ¢esitleri, Murata-ProEx bobinleme
makinasinda Tablo 3’de detaylar1 yer alan ipliklerin
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bobinlenme iglemlerinde kullanilmigtir. Bobinleme sonrasi
fikse islemi ise Xorella AG makinasinda ger¢eklestirilmis
olup, fikse kosullar1 Tablo 2’de verilmistir.
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Ayrica galismada iiretilen ipliklerin parafin alma oranlari da
belirlenmis olup, elde edilen sonuglar Sekil 3’de yer
almaktadir. Bu sonuglar incelendiginde ipliklerin parafin alma

oranlarinin %0,3 ile %2,3 arasinda degistigi, P2 (%100 pamuk,
melanj, penye) ipliklerin parafin alma oraninin P1 (%100
pamuk, penye) ipliklere kiyasla daha disiik oldugu
goriilmektedir. Melanj ipliklerin parafin alma oraninin daha
diisiik olmasiin muhtemel nedeni ise elyaf boyali iplikte,
boyama islemi esnasinda elyaf vaksinin elimine edilmis
olmasina ilave olarak boyanmis ipligin parafini almasimin zor
olmasindan kaynaklidir. Bir diger nokta olarak tablodaki
sonuglara bakildiginda C parafini i¢in parafin alma oraninin en
yiiksek oldugu goriilmektedir.

Calisma kapsaminda iiretilen ipliklerin diizgiinsiizlik ve
tiiyliligi Uster diizgiinsiizliik test cihazinda (UT 6), her bir
iplik tiirinden 10 adet bobini teste tabi tutarak 400 m/dak. test
hizinda; iplik mukavemet oOzellikleri ise Tensojet 4 test
cihazinda belirlenmistir. Uretilen ipliklerin bobinleme islemi
sonrasinda ve fikse islemi sonrasinda siirtiinme 6zellikleri
Zweigle G-534 siirtiinme test cihazinda 200 m/dk test hizinda
her bir iplik tiirlinden 5 adet bobin test edilerek tayin edilmistir.

3. Bulgular ve Tartisma

3.1. Iplik Ozellikleri ve Parafin Alma Oranlar

Calisma konusu iki iplik tiirli dncelikle parafinsiz halde
iretilmis ve parafin uygulanmamis halde iplik ozellikleri

bakimindan test edilmis olup, elde edilen sonuglar Tablo 3’de 5
verilmistir: &

2 m Ne 30/1 %100
Tablo 3. Parafin uygulanmamig halde iplik £ Pamuk (Penye)
diizglinsiizlik, tiylilik, mukavemet ve siirtlinme ~;—§ # Ne 30/1%100
katsayisi test sonuglart & fﬁ.r:l‘:;j)

(A) PARAFIN (B) PARAFIN (C)PARAFIN (D) PARAFIN (E ) PARAFIN

%100 Pamuk iplik (Ne 30/1)

Parafinler

Sekil 3. Calismada iiretilen ipliklerin parafin alma
oranlari

Yukarda yer alan sonuglar analiz edildiginde her iki iplik tiirii
icin de C parafini kullanildiginda parafin alma oraninin en
yiiksek oldugu goriilmektedir. Benzer sekilde hem P1 hem de
P2 kodlu iplikler i¢in C parafini kullanilmas: durumunda en

Daha sonra yukarda belirtilen 5 farkli ticari parafin ¢esidi

kullanilarak tretimler gergeklestirilmistir. Parafinli haldeki digiik ~ siirtinme  katsayist ~ degerinin  elde  edildigi
goriilmektedir. Bu durum C parafini ile iglem goren ipliklerin

bir sonraki drme islemi asamasinda daha piiriizsiiz ve rahat
caligma imkani saglayacaginin gostergesidir. Bununla birlikte
esas Onemli husus parafinli ipliklerin fikse islemi sonrasi
performansi olup, asagidaki boliimde fikse isleminin etkisi
incelenmistir.

ipliklerin  diizgiinsiizliik, tiiyliliikk, mukavemet ve iplik
sirtinme katsayist ile ilgili test sonuglart Tablo 4’de
verilmektedir.

Tablo 4. Parafin uygulanmis ipligin diizgiinsiizliik,
tiylillik, mukavemet ve siirtinme katsayisi test

sonuglari 3.2. Fikse isleminin Etkisi

%100 Pamuk iplik (Parafinli

Bobinleme adimindan sonra ipliklere Tablo 2’de belirtilen
kosullarda fikse islemi uygulanmustir. Kullanilan parafinlerin

A 101 o 6 | 821 19 [43]5183] 208 53 | 0120 fikse islemindeki performansini irdelemek iizere ipliklerin
fikse islemi Oncesi ve fikse islemi sonrasi iplik siirtiinme
B 98 1 0 4 81115 14214625] 219 34 | 0.110 katsayis1 degerleri belirlenmistir. Her iki iplik tiirii i¢in islem
C 99 | 0 4 | 81 | 18 |44 |6123| 20,0 5,0 | 0,108 oOncesi ve sonrasina ait degerler sirasiyla Sekil 4 ve Sekil 5°de
D [100] 0 | 3 | 8 | 16 |43]|5085| 213 | 56 | 0,120 verilmektedir.
E 9,8 0 5 79 13 | 4,4 ] 6045 19,8 5,0 0,110
. 0,140
%100 Pamuk Melanj Iplik (Parafinli)
= 0120
% 0,100
Z 0,080 Ne 30/1
2 0,060 %100 Pamuk
g o
A J10a] o | 3 | 57| 8 |48]|6696] 201 | 45 | o118 © 0040 afie 37k
E 002 %100 Pamuk
B 103 O 3,8 | 65 11 | 4,4 5553 21,3 53 0,124 2 0’000 (Melanj)
b= A
C 10.1 0 32 61 9 4.6 | 6250 19.0 6.0 0.106 » (A) PARAFIN ( B ) PARAFIN ( C ) PARAFIN ( D ) PARAFIN ( E ) PARAFIN
Parafinler
D 9,99 0 2,8 | 55 6 [4,8]6750 18,1 6,3 0,114
E 100 0 [ 30| 56| 8 [47]|6335| 181 52 | 0,112 Sekil 4. Fikse islemi oncesi iplik siirtiimme katsayisi

degerleri
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0,244

=

2

§ ¥ Ne 30/1 %100
5 Pamuk (Penye)
(]

€

S = Ne 30/1 %100
2

5 Pamuk

w (Melanj)

(A) PARAFIN (B ) PARAFIN (C)PARAFIN (D )PARAFIN (E)PARAFIN
Parafinler

Sekil 5. Fikse islemi sonrast iplik siirtiinme katsayisi
degerleri

Fikse islemi oncesi (Sekil 4) ve sonrasi (Sekil 5) elde edilen
iplik siirtiinme katsayisina ait degisim oranlar1 ise Sekil 6’da
yer almaktadir. Bu sonuglara gore ipliklerin 5 farkli parafin
kullanma durumunda siirtiinme katsayis1 degisim oranlari %20
ila %97 gibi genis bir aralikta degisim gostermektedir. En
diisiik degisim oran1 A Parafini ile elde edilirken, en yiiksek
degisim ise B Parafini ile elde edilmistir. Bu durumda ilk
bakista A Parafininin tercih edilmesinin dogru olacagi
sOylenebilir. Ancak parafin alma orani, diger bir ifade ile
tilketim miktar1 ve elde edilen diger sonuglara bakildiginda P1
ipligi (%100 pamuk, penye) i¢in B Parafininin daha az tiikketim
bakimindan yakin sonug verdigi goriilmektedir. Ote yandan P2
ipliginde (%100 pamuk, melanj) B parafininin en yiiksek
degisimle sonuglandig1 goriilmektedir. Erime noktasi nispeten
daha diisiik olan parafinin, isletme sartlarinda daha yumusak
olacagindan iplik ylizeyine daha iyi yerlesebildigi, ancak fikse
islemi  sonrasinda  homojen  dagilimin  bozuldugu
degerlendirilmistir. Yani isletme sartlarinda erime noktasi
daha diisiik ve daha yumusak olan C Parafini iplige daha iyi
niifuz etmekte ve fikse islemi sonrasinda melan;j ipliklerdeki
performans: daha iyi olmaktadir. Dolayisiyla melanj iplikler
i¢in gerek parafin alma orani, gerekse fikse Oncesi/sonrasi
iplik strtinme katsayisindaki degisim bakimmdan C
parafininin daha olumlu etkiye sahip oldugu goriilmektedir.
Ham halde %100 pamuk elyaf (P1) iceren iplik i¢in ise A
parafini kullanilmasi1 durumunda siirtiinme katsayisi degisim
oran1 en diigik olmasina ragmen fikse sonrasi siirtiinme
katsayis1 degerleri dikkate alindiginda B parafini One
¢ikmaktadir.

120,0

100,0

80,0

u Ne 30/1 %100

600 Pamuk (Penye)
)

u Ne 30/1 %100

40,0
Pamuk (Melanj)

20,0

Siirtiinme Katsayisi Degisimi (%)

0,0

Sekil 6. Fikse igslemi sonrast iplik siirtiinme katsayisi
degerlerindeki degigim oranlar

Tiirktas Ali vd. / European J. Eng. App. Sci. 7(2), 61-64, 2024

4. Sonug¢

Bilindigi lizere kisa-stapel iplik sektoriinde ipliklerin siirtiinme
(friksiyon) Ozelligine bagli olarak 6rme islemi esnasinda
ortaya ¢ikacak kopus, uguntu olusumu vb. problemlere karsi
bobinleme adiminda parafin uygulamasi rutin islemlerdendir.
Ancak 6rme isleminde kullanilacak stapel ipliklerde uygun
parafinin ve parafin miktarinin ¢ok dikkatli secilmesi
gerekmektedir. Sektdrde ¢ok farkli ticari parafinler mevcut
olup, bu parafinler gerek igerik, gerekse yumusama ve erime
noktalar1 bakimindan farkliliklar icermektedir. Bu kapsamda
sunulan ¢alisma ile pamuklu iplik isletmelerinde kullanilan
farklr kat1 parafinlerin iplik 6zelliklerine etkisi incelenmistir.
Bu amagla %100 pamuk (penye) ve %100 pamuk (penye,
melanj) olmak {izere iki farkli iplik tiirii lizerinde 5 farkli ticari
parafin tiiriiniin etkisi incelenmistir. S6z konusu parafinlerin
esasinda bobinleme prosesini takiben uygulanan fikse islemi
sonrast performanslart 6nemli olup, g¢alisma kapsaminda
parafin alma oranlar1 ve fikse Oncesi/sonrasi iplik siirtiinme
katsayilarindaki degisim incelenmistir. Yapilan test ve analiz
sonuglari beklenecegi lizere elyaf boyama islemine tabi tutulan
pamuk elyafi iceren melanj ipliklerin parafin karsisindaki
davranisinin ham haldeki pamuk lifleri igeren iplige kiyasla
bariz farkli oldugunu gostermektedir. Ayrica elde edilen
sonuglar parafinlerin erime noktasinin da etkili olabilecegini
isaret etmektedir. Ancak bu konuda ilave ¢aligmalarin
yapilmasina ihtiya¢ bulunmaktadir.
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Gayrimenkul Degerleme Yontemleri ve
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Oz Bu galismanin amac, uluslararas1 degerleme standartlarinda belirtilen gayrimenkul degerleme yontemleri olan emsal karstlastirma,
maliyet ve gelir kapitalizasyonu yontemleri kullanilarak yapilacak ¢esitli uygulamalar ile konutlara deger bigmek, kiyas yapmak ve
elde edilen veriler dogrultusunda gayrimenkuliin iyi bir yatirim araci oldugunu kanitlamaktir. Calismada gayrimenkul degerlemesinde
yaygin olarak kullanilan 3 farkli deger bigme yontemi agiklanarak Tekirdag ili Corlu ilgesinde bulunan 6rnekler tizerinde degerlendirme
yapilmugtir. {1k olarak emsal karsilagtirma yéntemine gére Hiirriyet Mahallesi Vizyon Konutlari’nda bulunan bir konutun degerlemesi
yapilmis, ikinci olarak gelirlerin kapitalizasyonu yontemine gore Esentepe Mahallesi Ergene Vadisi Sitesi’nde bulunan 1+1, 2+1 ve
3+1 konutlarin ortalama birim fiyatlar1 tespit edilerek kira getirileri tizerinden kapitalizasyon oranlari, amorti siireleri tespit edilmis,
son olarak maliyet yontemine gore Yenice Mahallesi’nde bulunan dubleks bir villanin deger tespiti yapilmistir. Sonug¢ olarak
gayrimenkul yatirnminin diger geleneksel yatirim araglarina gore 3 kat daha fazla getiri sagladigi sonucuna ulagilmistir.

Anahtar kelimeler: Gayrimenkul Degerlemesi, Satislarin Karsilastirilmasi Yontemi, Maliyet Yontemi, Gelirlerin Kapitalizasyonu
Yontemi.

Applied Studies in Corlu (Tekirdag) District According to Real Estate Valuation Methods

Abstract: The purpose of this study is to evaluate and compare houses with various applications using the real estate valuation methods
specified in international valuation standards, namely the comparable comparison, cost and income capitalization methods, and to
prove that real estate is a good investment tool in line with the obtained data. Three different valuation methods commonly used in real
estate valuation were introduced and an evaluation was made on examples located in Corlu district of Tekirdag province. First, a house
located in Vizyon Residences in Hiirriyet neighborhood was evaluated according to the comparable comparison method, secondly, the
average unit prices of 1+1, 2+1 and 3+1 houses located in Ergene Valley Site in Esentepe neighborhood were determined according to
the income capitalization method and capitalization rates and amortization periods were determined based on rental incomes, and
finally, a duplex villa located in Yenice neighborhood was valued according to the cost method. As a result, it was concluded that real
estate investment provides 3 times more income compared to other traditional investment tools.

Keywords: Real Estate Valuation, Sales Comparison Method, Cost Method, Capitalization of Income Method.

1. Giris uygulama alaninda 6nemli bir gegmise sahiptir. Ulkemizde de
bu alanda tiim gelismis iilkelerde oldugu gibi hizla 6nem

Gayrimenkul, lilkemizde hane halklari tarafindan tasarruflarin kazanmaktadir. Ulkemizde gayrimenkul defierlemesi, gerekli

degerlendirildigi  bir yatrnm aracidir.  Gayrimenkul

) o i kosullart saglayan ve Sermaye Piyasasi Kurumu tarafindan
degerlemesi, gelismis iilkelerde hem akademik alanda hem de

*Sorumlu yazar
E-mail Adresi: jaral@nku.edu.tr (1. F. Aral)
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yetkilendirilen uzmanlar tarafindan yapilmaktadir. Degerleme
stireci, gayrimenkul degerleme uzmaninin kigisel yargilarina
actkk  oldugundan olabildigince nesnel oOlgiitlere
dayandirilmalidir.  Gayrimenkul degerlemesi, tarafsiz ve
bagimsiz uzmanlar araciligtyla, ilgili gayrimenkuliin belirli bir
tarihteki muhtemel deger takdirinin, objektif 6lgiitlere dayal
olarak gergeklestirilmesidir. Diger bir tanimla, gayrimenkul
degerleme siireci, bir gayrimenkul projesinin veya bu
gayrimenkule bagli hak ve faydalarin, belirli yasa ve
yonetmelikler cergevesinde, en uygun degerleme ydntemi
tespit edilerek ilgili miilkiin degerinin takdir edilmesi ve
raporunun hazirlanmasi iglemidir. Taginmaz malin ii¢ temel
ozelligi vardir: fiziksel Ozellikler, ekonomik ozellikler ve
hukuki 6zellikler. Konut gayrimenkulleri en yaygin kategoriyi
temsil etse de, degerleme uzmanlari tarafindan degerlendirilen
ve belgelenen ek gayrimenkul tiirleri vardir. Bunlar bes ana
kategoride  siniflandirilabilir:  konut, tarimsal, ticari,
endiistriyel ve 6zel amagh gayrimenkuller. Bu kategorilere
ornek olarak sirasiyla 6zel konutlar, tarim arazileri, oteller,
ofisler, fabrikalar, {iretim tesisleri, okullar ve hastaneler
verilebilir [1]. Ayrica gayrimenkul hem fiziksel hem de
ekonomik niteliklere sahip ikili bir yapi sergilemektedir.
Fiziksel 6n, binalarin, arazinin ve dogal kaynaklarin somut
unsurlarint kapsarken, ekonomik yon, kira geliri, sermaye
kazanct ve gelisme veya iyilestirme potansiyeli gibi mali
yonleri kapsamaktadir. Bu ikilik, gayrimenkul degerlemesi
faaliyetinin de karmasiklagmasina neden olmaktadir. Bu
nedenle de piyasa etkenlerinin yasal ¢ergevelerin ve ekonomik
faktorlerin kapsamli bir sekilde anlasilmasini gerektirmektedir
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[2].

2. Gayrimenkul Degerleme Yontemleri

Gayrimenkuliin degerini tespit edebilmek igin temelde {i¢
yontem kullanilir. Bunlar; satislarin karsilastirilmasi, maliyet
ve gelirlerin kapitalizasyonu yontemidir.

Satiglarin  Karsilagtirmas: Yontemi, tespiti yapilacak olan
gayrimenkulle benzer 6zellikler tasiyan yakin zamanda satigt
yapilmig gayrimenkuller mevcut ise en pratik, en yararl
yontemdir. Gelir getirmeyen, sahibi tarafindan kullanilmasi
planlanan konut amagli gayrimenkuller ve kiigiik ticari amaglt
gayrimenkuller bu kapsamda degerlendirilebilir.

Maliyet yontemi, karsilagtirilabilecek mevcut satigi yapilan
veri bulunmadiginda, gelir getirmeyen ve sik alim satimi
yapilmayan Ozel amagli gayrimenkullerin deger tespitinde
kullanilir.

Gelir Kapitalizasyonu yontemi ise; gelecekte gayrimenkulden
elde edilebilecek gelirler goz 6niinde bulundurularak bugiinkii
degerine indirgenmesi yontemi ile tespit edilir. En dogru rayi¢
bedelini tespit etmenin ilk ve en onemli kurali dogru
degerleme yonteminin se¢imidir. Bu da degerlemenin amacina
goredir. Hangi degerleme yonteminin hangi gayrimenkul
cinsine daha uygun olabilecegine dair Tirkiye Degerleme
Uzmanlar1 Birligi’nin (TUGDES) Tiirkiye Degerleme
Standartlar1 Caligmasi’ ndan yararlanilabilir. Tablo 1’ de konu
ile ilgili yontemler verilmistir.

Tablo 1. Degerleme ¢alismasinda gayrimenkul cinslerine gére uygulanmasi 6nerilen yontemler [3].

Konut isyeri Cins  Arsa

Tarim Akaryakit  Uretim

Ticari Gayrimenkul

(Ofis,  Tashihli Alani istasyonu Tesisi (Avm, Hastane, Otel)
Diikkan) Bina (Fabrika)
Satiglarin XXX XXX XXX XXX XXX XXX XX XXX
Karsi.
Maliyet X X XXX - - XXX XXX XXX
Gelir Kap. XX XX XX XXX XX X X XX

xxx = Kullanilmasi zorunlu olup yontemler icerisinde 6ncelikle tercih edilmelidir.

xx = Karar destek amagh kullaniimasi 6nerilir,

x = Degerleme uzmaninin insiyatifinde olup degerlemeye esas ana yontem degildir.

2.1. Satislarin (Emsallerin) Karsilastirilmasi Yontemi

Degerleme i¢in kullanilan en kolay ve en sistematik
yontemdir. Satiglarin karsilastirilmasi yontemi, yakin zamanda
gerceklesmis, seffaf ve yeteri kadar emsal degeri bulundugu
durumlarda kullanilmalidir. Degerleme uzmani, bu yontemi
kullanarak konu gayrimenkul ile benzer gayrimenkulleri
karsilastirarak bir deger gostergesi yaratir. Karsilastirilabilir
olan gayrimenkullerin satiglarindaki fiyat aralifi, ilgili
tasinmazin satig fiyati {izerine bir gorlis olusturabilir. Bu
yontemde bir gayrimenkuliin piyasa degerinin benzerleri ile
yakin bir iliski oldugu iizerinedir. Ozellikle konutlarda
degerlendirmelerde, elektronik ortamdan ¢ok rahatlikla
ulagilmast agisindan tercih edilen bir yontemdir [4].

2.2. Maliyet Yontemi

Maliyet Yaklasimi, karsilastirilabilir 6zelliklere sahip olmayan

miilklerin, 6zel amagli miilklerin, ayr1 arsa ve bina degerlerinin
degerlendirilmesinde  kullanilir. Ancak, bu yaklagimin
sinirlamalar1 arasinda profesyonel uzmanlik gerektirmesi, tam
olarak piyasa degerini yansitmamasi ve eski binalar i¢in uygun
olmamas1 bulunur. Fabrika, ofis binalar1, idari yapilar ve kira
gelirinin bilinmedigi gayrimenkullerin degerlemesinde, gelir
veya  karsilagtirmali  yaklasimlarin  uygulanamadig1
durumlarda Maliyet Yaklagimi dnerilir [5].

2.3. Gelir Kapitalizasyonu Yoéntemi

Gelir kapitalizasyonu siireci, bir miilkiin kalan ekonomik 6mrii
boyunca bir yatirimci veya kullanici igin olusturabilecegi
potansiyel net gelir akisinin yakindan incelenmesini igerir. Bu
potansiyel gelir akis1 daha sonra benzer miilklerin tirettigi gelir
akislartyla karsilastirilir. Bu karsilastirma, miilkiin goreceli
kazang kapasitesi hakkinda kapsamli bir anlayis sunmay1 ve
bdylece potansiyel yatirimeilar igin karar verme siirecine
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yardimc1 olmay1r amaglamaktadir. Gelir Kapitalizasyonu
Yaklagimimmin ~ 6nemli bir yonii, Ozellikle kiralama
sozlesmelerini igeren senaryolarda cesitli fiziksel, islevsel ve
ekonomik faktorleri dikkate alabilmesidir. Bu faktorler,
miilkiin degerinin ¢ok yonlii bir goriiniimiinii sunarak ve gelir
yaklagimini gayrimenkul degerlendirmesi i¢in ¢ok yonlii bir
ara¢ haline getirerek miilkiin gelir potansiyeline ve genel
degerine katkida bulunur [6]. Net gelir bir gayrimenkuliin
yillik  isletme  biiriit  getirisinden,  gayrimenkuliin
kullanilmamasi sonucu olusan gelirdeki kayip ve isletme
giderlerinin diisiilmesi ile hesaplanir. Isletme giderlerinin;
emlak vergisi, sigortalama, yonetimsel gider, onarim ve bakim
amortisman ve reklam giderleri sayilabilir. Isletmenin net
getirisi, bu yontem icerisindeki temel degiskendir. Kapsam
karsilastirilmaya agik olmayip, detaylarin belirlenmesi sarttir

[7].

3. Gayrimenkul Degerleme Yontemlerine Gore
Corlu (Tekirdag) Calismasi

Projenin uygulama asamasinda yapim yili olarak 5-10 yillik
emsal konut fiyatlarina sahibinden.com internet sitesinden ve
bolgesel birim fiyatlarina ve bu fiyatlarin 1 yillik degisim
grafigine ulasmak i¢in endeksa verilerinden yararlanilmstir.

3.1. Satislarin Karsilagtirmas1 Yontemine Gore Deger
Tespiti; Vizyon Konutlar1 Ornegi

Satiglarin Karsilagtirilmas: Yontemi gayrimenkul degerlemesi
alaninda en sik kullanilan yontemlerden biridir. Yontem her ne
kadar  benzer ozellikleri olan gayrimenkullerin
kargilastirilmasina dayansa da aslinda her bir gayrimenkul
kendi i¢inde benzersizdir. Her gayrimenkuliin kendine has
ozellikleri, artilar1 ve eksileri vardir. Gayrimenkuliin kati,
cephesi, m?’si, kullanilan malzemelerin Kkalitesi, yapiya
sonradan yapilan eklemeler, gayrimenkuliin bulundugu sosyal
ve kiiltiirel cevre, giivenlik, sosyal olanaklar (Havuz, spor
salonu vs.) sonsuz sayida etken her bir gayrimenkulii essiz
kilmaktadir. Her ne kadar degerlemesini yapacagimiz miilke
en yakin Ozellikteki yapilart segecek de olsak, sonunda
farkliliklar1 matematiksel olarak diizeltmek durumunda
kalmaktay1z.

3.1.1. Degerleme Konusu Gayrimenkul’iin Cevresi ve Konumu

Degerleme Konusu Gayrimenkul; Tekirdag ili, Corlu Tlgesi,
Hiirriyet Mabhallesi, Camlibel Caddesi, Kiligoglu Danig
Vizyon Konutlar1 4C Blok Kat:2 Daire:21 posta adresinde
konumludur. Taginmazin yakin ¢evresinde; Ziibeyde Hanim
Anaokulu, Sehit Hamza Cavus ilkokulu, Ticaret ve Sanayi
Odas1 TIlkokulu, Sahinler Ortaokulu, Abdiilhamit Han
Ortaokulu, Furtuni ve Isak Pinhas Ortaokulu, Corlu
Bahgesehir Koleji, Corlu Mektebim Koleji, Emlak Konutlar
Aile Sagligi Merkezi, Agiz ve Dis Sagligi Hastanesi, Nazim
Hikmet Ran Parki bulunmaktadir.

3.1.2. Degerleme Konusu Gayrimenkul’iin Bulundugu Sitenin
Ozellikleri

Degerlemeye konu tasinmazin bulundugu ana gayrimenkul
2040 ada 5 parsel olarak kayitli, 9511,3 m’ alanli arsa
tizerinde, betonarme karkas ingaat tarzinda 4’ 1ii A, B, C, D ve
3’ 1i A, B, C bloklar olmak iizere toplam 7 blok halinde insa
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edilmigti. Degerleme konusu taginmaz 4l C Blok
biinyesinde konumludur. Ana gayrimenkul, kat irtifak listesine
gore; bodrum, zemin ve 9 normal kat olmak {izere 11 kattan
olusmaktadir. Bodrum katinda, A, B, C ve D bloklar ortak
otopark ve sigmak hacimleri, zemin katta 14 adet diikkan ve
bina girisi, normal katlarin her birinde 6 adet mesken olmak
lizere 54 adet bagimsiz boliim bulunmaktadir. Bina dig cephesi
mantolamal1 ve dig cephe boyasi ile boyali, giris kapilari sifre
ile acilabilmektedir. Bina giris ve merdivenler mermer kapli,
merdiven korkuluklar1 aliiminyum dogramadir. Binada
dogalgaz tesisati mevcuttur. Her blokta iki asansér ve yangin
merdiveni mevcuttur. Site tel ¢it ile g¢evrili olup, peyzaj
diizenlenmesi yapilmustir. Site i¢erisinde ¢ocuk oyun alani ve
basketbol sahast bulunmaktadir.

3.1.3. Degerleme Konusu Gayrimenkul iin Konut Ozellikleri

Degerleme konusu bagimsiz bolim C blok 2. kat dogu ve
kuzey cephelidir. Konu taginmaz projesinde 108 m? olup; 2
oda, salon, mutfak, antre, 2 adet banyo+ wc ve balkondan
olusmaktadir. Mahallinde yapilan incelemede taginmazin,
salon ve odalarinin zeminlerinin laminant parke, mutfak, antre
ve banyo zemininin granit kapli oldugu, i¢ cephe boyasinin
saten boya oldugu goriilmiistiir. Mutfak dolaplart MDF den
mamul lake kapl, mutfak tezgahi granittir. Taginmazin i¢
kapilar1 ahsap panel, dis kapisi ¢elik kapi, pencereleri PVC
dogramadir. Taginmazda bir adet 9000 BTU klima bulunmakta
olup 1sinma dogalgazli merkezi pay 6lger ile saglanmaktadir.

3.1.4. Degerleme Konusu Gayrimenkul’iin Degerini Etkileyen
Faktorler

Kiligoglu Danmig Vizyon Konutlarina ait tasinmazlarin
degerlerini etkileyen 2 faktorden bahsedilmistir. Bunlar
olumlu ve olumsuz etkenler olarak asagida tanimlanmistir.

Olumlu Etkenler:

e  Lokasyon agisindan konutun tercih edilen bir
bdlgede olmast

Kapali otoparkinin bulunmast

Yap1 Kullanma izin Belgesinin olmasi
Kat miilkiyetinin alinmis olmas1

Cocuk oyun alanlarmin olmasi
Ara katta konumlu olmasi

7/24 Guivenlik gérevlisinin olmasi
e  Jeneratoriin binadaki taginmazlar1 da beslemesi
e  Bolgede yesil alan, park ve okullarin bulunmast

Onii kapanmayacak bir mevkide bulunmast
Olumsuz Etkenler:

e  Bolge ¢ok tercih edildiginden niifusun hizla artis1
e  Site igerisinde yesil alanlarin azli1
e  Acik havuzunun olmamasi

3.1.5. Degerleme Konusu Gayrimenkul’ e Ait Resmi Belgeler
ve Gorseller

Hiirriyet Mahallesi Camlibel Caddesi iizerinde bulunan 3 yol
agzimin her iki yaninda konumlanmis bir tarafi 4 blok diger
tarafi 3 bloktan olusan sitemiz Emlak Konutlari’nin hemen
arka sokaginda bulunmakta olup, lokasyon agisindan oldukg¢a
degerli bir bolgede bulunmaktadir. Konu taginmaza ait uydu
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goriintiisii ve tapu bilgileri Sekil 1.” de, sitenin ve konu
taginmazin dig mekan gorselleri ise Sekil 2’ de bulunmaktadir.
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ilge CORLU
Tasinmaz Tipi Kat Muilkiyeti
Parsel 5

Blok C

Girig =
Yizdlgmi (m2) 9511.2

Arsa Payda 4668

Sayfa No 8354

il TEKIRDAG
Mahalle/Kay NUSRATIYE
Ada 2040
Bagimsiz Bslum 21
Numarasi

Kat 2

Nitelik MESKEMN
Arsa Pay 21

Cilt No 85
Tasinmaz Numarasi 78048006

S SSon
Leaflet | @ HGM Atlas

Sekil 2. Konu tasinmaza ait gérseller (taginmazin dis gériiniimii).

3.1.6. Degerleme Konusu Gayrimenkul’ iin Aymi Yéredeki
Emsallere Gére Deger Tespiti

Bu yontemde tasinmazin yakin gevresinde, benzer 6zellikler
tagiyan taginmazlarm satis degerleri (Sekil 3.) tespit edilerek
s6z konusu taginmazin degeri, piyasa degerine etki eden

kriterler cercevesinde degerlendirilerek  gerekli fiyat
ayarlamalari yapilarak belirlenmistir.
Emsallerin Aritmetik Ortalamasi (m?): 27.475 TL/m?, Konu
Taginmazin  Degeri: 27.475*% 108mt*: 2.967.300 TL,
Diizeltilmis Deger: 3.000.000 TL, Diizeltilmis Birim Fiyat:
3.000.000 TL/108 mt?: 27.777 TL/m?

68



UYGUN FIYATLI LUX 2+1 daire ®

DAIRE ® ()

[ ]

GORLU HURRIYET MAH.VADI EVLERINDE SATILIK 2+1 DAIRE & (&) 100 241

Hurrivette Havuzlu site Venerada arakat 2+1 satlik daire @

§ REMAX LAND'DEN CORLU VIZYON KOMAKLARI'NDA SATILIK 2+1

FLORA KONAKLARINDA ICi OZEL YAPILI 2+1 4.KAT DAIRE &

GETIN EMLAK'TAN | TRIO PARK'TA | 2+1 | ARA KAT | HAVUZ CEPHE |
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Premium Ofis

Premium Ofis

2.850.000 TL 102'5253”'” Hurriyet Mh.
103 2+1  2.830.000TL 092'535‘3'“’ Horriyet Mh,
135 2e1 3350.0007L K™ pgrrivet Mh.
120 2+1  2.850.000TL Oﬁz'ézgm Horriyet Mh
85 2:1  2.500.000TL 0?2|é;§m Hurriyet Mh.
120 2:1  3.261.000TL 052'333”“ Hurriyet Mh.

Premium Ofis

Sekil 3. Satislarin karsilastirilmast yontemine gore Hiirriyet Mahallesi’'nde bulunan 2+1 emsaller ve satis fiyatlart [8].

3.1.7.  Degerleme Konusu  Gayrimenkul’iin  (Vizyon
Konutlarindaki  konut) Endeksa (Veri Analiz Yéontemi)

Verilerine Gore Degerlendirilmesi

Konu taginmazin (Vizyon Konutlarindaki konut) ayni
mubhitteki benzer gayrimenkuller ile karsilastirilmast sonucu
tespit etmis oldugumuz 3.000.000 TL degeri ve 108 m? alam

Satilik Konut Metrekare Fiyati = -

Ekim 2023 Ortalamasi
28.260TL

@ Hirriyet Mh.

Exim 2022 Ocak 2023

Nisan 2023

g6z 6niinde bulundurdugumuzda birim m? degeri 27.777 TL
(3.000.000 TL/108 mt?)’dir.

Tekirdag 1li, Corlu Ilgesi, Hiirriyet Mahallesi’nde bulunan
konutlarin Ekim 2023 Endeksa verisine gore m? fiyati
ortalama 28.260 TL oldugu ve konu tasinmazin deger
tespitinin gergek degere en yakin sekilde tespit edilmis oldugu
goriilmektedir (Sekil 4).

1 Yillk Degisim
A%71.71
40.000 TL
35.000 TL
30.000 TL
e 25.000 TL
20,000 TL
15.000 TL
10.000 TL

5,000 TL

Temmuz 2023 Exim 2023

Sekil 4. Endeksa verilerine gore Tekirdag ili Corlu ilgesi Hiirriyet Mah. Ekim 2023 ortalama konut birim fiyatlar: ve 1

yillik degisim grafigi [9].
3.2. Gelirlerin Kapitalizasyonu Yéntemi Uygulamah

Deger Tespitleri

Gelirlerin kapitalizasyonu yontemi, miilkten gelecekte elde
edilecek olan gelirlerin deger bigme anina indirgenmesi
seklinde uygulanmaktadir. Bu yontem genellikle gelir getiren

miilkler i¢in kullanilir. Gayrimenkuliin belirli bir siire
igletilmesi ya da kiralanmas1 ilerde olusabilecek olan
potansiyel getirinin ve bu hesaplardan olusacak giderlerin
diistilmesi ve giinlimiiziin ekonomik durumuna uygun bir
sekilde hesaplanmasi, hesaplama giiniine uyarlanmast ve bu
sekilde degerinin olusturulmas: islemidir. Ulkemizde
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kapitalizasyon oranlar1 genellikle konutlar igin bolgeden
bolgeye degisim gostermekle birlikte %7 ile %9 arasinda
degismektedir. Bu oran ofisler i¢in %10, oteller ve alisveris
merkezleri i¢in %12 olarak belirlenmistir.

3.2.1. Ergene Vadisi Sitesi 1+1 Konutlarin Deger Tespiti

Sir ve Aral / European J. Eng. App. Sci. 7(2), 65-76, 2024

Ergene Vadisi Sitesi 1+1 satilik konut fiyatlar1 (Sekil 5) ve
kiralik konut fiyatlar1 (Sekil 6)’ de yer almaktadir. Ergene
Vadisi Satilik 1+1 Emsallerin Ortalama Birim Fiyat1:2.118.571
TL/65 m?: 32.593 TL/m? Ergene Vadisi Kiralik 1+1 Emsallerin
Ortalama Fiyati:13.142 TL dir.

Oda

ilan Bashig m* (Brit) Sayisi Fiyat ilan Tarihi Mahalle
s : . 07 Kasim
GORLU ERGEME VADISI 68m® 1+1 SATILIK DAIRE @ () &8 1+1 1.970.000 TL 2053 Esentepe Mah.
Premium Ofis
S - 29 Ekim
Corlu Ergene Vadisi Sitesi Saulik 1+1 & &5 1+1 2.100.000TL 2023 Esentepe Mah.
c o, - 26 Ekim
ERGENMNE VADISI'NDE BU DAIRE KAGCMAZ:) a0 1+1 2.250.000TL 2023 Esentepe Mah.
e i 24 Ekim
Sahibinden Corlu Ergene Vadisi Satilik 1+1 &5 1+1 2.200.000 TL 2023 Esentepe Mah.
ERGENE VADISINDE 1+1 GUNEY DOGU CEPHE 2.KAT 65 141 1.985.000TL 23EKI™  Esentepe Mah.
E.!F;?\.IE;;%?K:PE’[NDE 1+1,66 m2 4. KAT,FULL ESYALI, HAVUZ &5 141 2.350.000 TL 12052k|3m Esentepe Mah.
ERGEMNE VADISINDE GOK TEMIZ VE YENI ESYALI 141 KUZEY BATI = &5 1+1 1.975.000 TL 1;0';;;;“ Esentepe Mah.

Sekil 5. Gelirlerin kapitalizasyonu yontemine gére Esentepe Mahallesi 'nde bulunan 1+1 konutlarin satis fiyatlar [8].

ilan Baslign m?* (Brit) Sg;‘rlasu Fiyat ilan Tarihi Mahalle
P - < < . 14 Kasim
ERGENE VADISIN'DE ARA KAT 1+1 KIRALIK DAIRE = 66 1+1 11.000 TL £y Esentepe Mah.
CORLU ESENTEPE ERGEMNE VADISIN'DE ARA KAT 1+1 KiRALIK DAIRE = &6 1+1 11.000 TL 142'8353'"" Esentepe Mah.
i ERGEME VADISINDE 1+1 ESYALI KUZEY DOGU VE HAVUZ CEPHE 65 o5 §ii 14.000TL 13 Kasim Esentepe Mah.
M2 = 2023
CORLU ERGENE VADISI FULL ESYALI GUNEY ARA KAT 1+1 KiRALIK 13 Kasim
DAIRE = 5 L 66 141 13.500 TL 2023 Esentepe Mah.
e . 10 Kasim
Ergene vadisinde havuz manzarall full egyali 1 + 1 kiralk daire = 68 1+1 13.5007TL 2023 Esentepe Mah.
Favorile e Ekle itan Kar
N = e : & 06 Kasim
ViZYON'DAN ERGEME VADISINEDE KiRALIK 1+1 ESYALI DAIRE = 60 1+1 14.000 TL RS Esentepe Mah.
ERGENE VADISINDE 1+1 ESYALI GUNEY VE HAVUZ CEPHE 65 M2 65 141 15.000TL  OZKIE™  ecentepe mah.

Sekil 6. Gelirlerin Kapitalizasyonu Yontemine gére Esentepe Mahallesinde bulunan 1+1 konutlarin kiralik fiyatlar: [8].

3.2.2. Ergene Vadisi Sitesi 2+1 Konutlarin Deger Tespiti

Ergene Vadisi Sitesi 2+1 satilik konut fiyatlar1 (Sekil 7.) ve
kiralik fiyatlar1 (Sekil 8.) asagida yer almaktadir. Ergene

Vadisi Satilik 2+1 Emsallerin Ortalama Birim Fiyati:
2.915.000 TL/90 m?=32.388 TL/m?, Ergene Vadisi Kiralik 2+1
Emsallerin Toplami (Ortalama Fiyati):17.300 TL dir.
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ilan Baslign m? (Briit) sgggn Fiyat ilan Tarihi Mahalle
EE:EENTEPE MAH ERGENE VADISI 241 ESYALI ARA KAT SATILIK DAIRE as 241 5.720.000 TL llzléazfélm Esentepe Mah.
g?lRE;glgiﬁgNE VADISIN'DE KAPALI MUTFAK KUZEY BATI CEPHE 95 221 2.900.000 TL Oszlégzlm Esentepe Mah.
ERGEME VADISINDE KAPALI MUTFAK 2+1 G/B CEPHE 90 M2 & S0 2+1 2.870.000TL 13§;$m Esentepe Mah.
ERGENE VADISINDE 2+1 AMERIKAN 78 M2 YOLA CEPHE o 78 2+1 2.650.000TL 135::‘;“ Esentepe Mah.
ERGENE VADISINDE 2+1 OZEL TASARIM GUNEY CEPHE 78 M2 & 78 2+1 2.800.000 TL leE;ém Esentepe Mah.
E(:}GENE VADISINDE KAPALI MUTFAK 2+1 G/D CEPHE 90 m2 5.KAT 95 231 3.550.000 TL lgoE:gﬂ Esentepe Ma"’il

[ ERGENE VADISINDE KAPALI MUTFAK 2+1 G/D CEPHE 90 m2 5.KAT |

Sekil 7. Gelirlerin Kapitalizasyonu Yontemine gore Esentepe Mahallesinde bulunan 2+ 1 konutlarin satis fiyatlar: [8].

ilan Baslign m? (Briit) sgggl Fiyat ilan Tarihi Mahalle
GOZDE DEN CORLUNUN EN GOZDE SEMTI EMLAKLAR DA ERGENE 11 Kasim
VADISINDE @ 90 2+1 14.500TL 2023 Esentepe Mah.
ergene vadisinde kiralik daire 90 241 14.500 TL ZZOE:;“ Esentepe Mah.
ERGENE VADISINDE 2+1 90 M2 KAPALI MUTFAK KiRALIK DAIRE @ 90 2+1 16.000TL Zzggém Esentepe Mah.
OZEL TASARIM 2+1 KAPALI MUTFAK 90 M2 FULL ESYALI ™ 90 2+1 24.500TL IZCE.::I;“ Esentepe Mah.
me Ekle [ an Kargilagur

coE . 19 Ekim

ERGENE VADISI 2+1 KAPALI MUTFAK ESYALI & 90 2+1 17.000TL 2023 Esentepe Mah.

Sekil 8. Gelirlerin Kapitalizasyonu Yontemine gore Esentepe mahallesinde bulunan 2+1 konutlarin kiralik fiyatlar: [8
3.2.3. Ergene Vadisi Sitesi 3+1 Konutlarin Deger Tespiti

Ergene Vadisi Sitesi 3+1 konut fiyatlar1 (Sekil 9.), kiralik
fiyatlar1 (Sekil 10.)’ da yer almaktadir.
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Oda

Ilan Basglig: m® (Brut) Sayist Fiyat Ilan Tarihi Mahalle

i . . 14 Kasim

5 ERGENE VADISINDE SATILIK 3+1 10.KAT MASRAFSIZ DAIRE 133 3+1  3.550.000TL 2023 Esentepe Mah.
isi® KAT i

ggiiléUrE‘RGENE VADISI ON CD CEPHE 5.KAT BOS 3+1 SATILIK 140 341 4.290.000 TL 0322253“ Esentepe Mah.
ACIL ACIL M1 & 145 3+1 3.950.000 TL 1;5;'; Esentepe Mah.

ERGEME VADISI EN iYi KONUMDA BAHCE VE HAVUZ CEPHELI 3+1 18 Ekim
DAIRE © " 133 3+1 4350.000TL  T,o0a Esentepe Mah,

=0 ERGENE VADISI EN iYi KONUMUNDA BAHCE VE HAVUZ CEPHELI 13 Eylol
[_ (@) ) 341 DAIRE 140 341 4,500,000 TL 2023 Esentepe Mah.

Sekil 9. Gelirlerin Kapitalizasyonu Yontemine gore Esentepe Mahallesi 'nde bulunan 3+1 konutlarin satis fiyatlar: [8].

ilan Bashig m? (Briit) S(a);‘lasl Fiyat ilan Tarihi Mahalle
isi HA i 1 ARA [ i "
GORLU ERGENE VADISI HAVUZLU SITEDE 341 ARAKATKIRALUKDAIRE 140 51 ja000m %K™ coanvepe ah
h:'!.:ArK YAPI GAYRIMENKULDEN ERGENE VADISIN DE KIRALIK 3+1 DAIRE 138 321 18.000 TL lsﬁgzklaﬂ'l Esentepe Mah.
3 SAHIBINDEN ERGENE VADISINDE 3+1 KLIMALI KIRALIK DAIRE 138 3+1  18.000TL  O35K™  Esentepe Mah.

Sekil 10. Gelirlerin Kapitalizasyonu Yontemine gére Esentepe Mahallesinde bulunan 3+1 konutlarin kiralik fiyatlar

/8].

Ergene Vadisi Satilik 3+1 Emsallerin Ortalama Birim Fiyati:
4.128.000 TL/138 m?=29.913 TL/m?, Ergene Vadisi Kiralik
3+1 Emsallerin Toplami (Ortalama Fiyati): 18.000 TL.

3.2.4. Gelirlerin Kapitalizasyonu Yontemine Gore Ergene
Vadisi Sitesi Sonuglarinin Degerlendirilmesi

Gelirlerin kapitalizasyon yontemine gore Tekirdag ili Corlu
ilgesi Esentepe Mahallesinde bulunan biiyiik bir sitede (Ergene
Vadisi) yapilan incelemeler sonucu;

-1+1 evlerin (Ergene Vadisi) aylik kapitalizasyon faiz oraninin
0.0062, yillik kapitalizasyon faiz oraninin 0.074 (%7,4) ve
amorti siiresinin 13 yil,

-2+1 evlerin (Ergene Vadisi) kapitalizasyon faiz oraninin
0.0059, yillik kapitalizasyon faiz oraninin 0.070 (%7) ve
amorti siiresinin 14 yil,

-3+1 evlerin (Ergene Vadisi) kapitalizasyon faiz oraninin
0.0043, yillik kapitalizasyon faiz oraninin 0.051 (%5) ve
amorti stiresinin 19 y1l oldugu sonucuna ulasilmistir.

-Endeksa verilerine gore Tiirkiye’deki satilik konutlarin yillik
kapitalizasyon faiz orani ortalamasi (%6,36) ve amorti
stiresinin 17 yil’dur.

-Endeksa verilerine gore Tekirdag’daki (il bazinda) satilik
konutlarin yillik kapitalizasyon faiz orani ortalamasi (%6,82)
ve amorti siiresinin 16 yil’dir.

-Endeksa verilerine gore Tekirdag ili Corlu ilgesi’ndeki
satilik konutlarin yillik kapitalizasyon faiz oranmi ortalamasi
(%8,72) ve amorti siiresinin 13 y1l’ dir.

yapilan arastirma sonucuna gore yatirim amagcli yani gelir elde
etmek amaciyla tercih edilen evlerin daha kiiciik metrekareye
sahip, oda sayisi en az, dolayisiyla amorti siiresi en kisa veya
kapitalizasyon faiz orani en yiiksek olaninin tercih edilmesinin
daha avantajli olacag: tespit edilmistir.

3.3. Maliyet Yontemine Gore Tekirdag ili Corlu flcesi
Yenice Mahallesinde Ornek Bir Uygulama

Tekirdag ili, Corlu ilgesi, Yenice Mahallesinde bulunan
8.000.000 TL degerinde dubleks bir villanin maliyet
yontemine gore degerlemesi yapilmis olup, emlak firmasi ile
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yapilan goériigme sonucuna gore 50.000 TL gibi az bir pazarlik
pay1 ile satisa sunuldugu bilgisine ulagilmigtir. 575 mt? bir arsa
igerisinde yer alan konu taginmaz villa 2 kat (3. Kat teras)
olarak insa edilmis olup, toplam 275 m? kullanim alanina

ilan Baglign

L

Favorilerime Ekle ilan Kargilagtir

Deniz manzarali &

Yenice iki Kat imarli Villa Arsasi @

2 CORLU YENICE MAHALLESI SATILIK 316 M2 KOMUT IMARLI ARSA | &
=

| %RLUYEN[CE MAHALLESI SATILIK 316 M2 KONUT iIMARLI ARSA |
D

332 YEMICE SATILIK UYGUN ARSA YOLA CEPHE DENIZE 2 DK o

CORLU YENICE SAHILDE...IYI KONUMDA ARSA (358 m2) &

TEKIRDAG GORLU YENICE MAH. SATILIK 382m® ARSA &

Sir ve Aral / European J. Eng. App. Sci. 7(2), 65-76, 2024

sahiptir. Konu taginmazin maliyet yontemine gore degerinin
tespit edilmesi amaciyla Yenice mahallesinde bulunan
arsalarin satis fiyatlar (Sekil 11.)’ de bulunmaktadir.

m Fiyat m?® Fiyati ilan Tarihi Mahalle

28 Kasim

316 2.250.000 TL 7.120TL/mM® 2023 Yenice Mh.
316 2.480.000 TL 7.848 TL/m® 23253253:”‘ Yenice Mh.
356 2.000.000TL 5.618 TL/m* 2823‘;1;"‘ Yenice Mh.
358 2325000 TL 6.494TUm®  25585™ Yenice Mh. |
340 1.950.000TL 5735TU/m*  25,E25™ Yenice Mh.
299 1.950.000 TL 6.522 TL/m® 22253253:"1 Yenice Mh.
382 2.900.000TL 7.592 TL/m® 223’;"‘ Yenice Mh.

Premium Ofis

Sekil 11. Maliyet Yontemine gére Yenice mahallesinde bulunan arsalarin satilik fiyatlar: [8].

Maliyet yontemine goére degerlemesini yaptigimiz konu
tasinmaz villanin (Sekil 12) 575 m? arazi icerisinde
bulundugunu g6z 6niinde bulundurdugumuzda tespit etmis
oldugumuz ortalama arsa birim fiyati {izerinden 6704
TL/m?x575 m?=3.854.800 TL toplam arsa bedeli tespit
edilmistir. Sekil 13°de gorseli bulunan konu tasinmaz villanin
Cevre, Sehircilik ve Iklim Bakanhig’ nin ‘Mimarlik ve
Miihendislik Hizmet Bedellerinin

Hesabinda Kullanilacak 2023/2 Yili Yapr Yaklasik Birim
Maliyetleri Hakkinda Teblig’ [10] esasina gore konu taginmaz
villa 4B yapt smifinda degerlenmis olup, 12. Maddeye gore
yap1 birim maliyeti 12.050 TL/m? olarak hesaba alinmis olup,
yapi1 bedeli 3.313.750 TL olarak tespit edilmistir. Serefiye pay1
(Cevre diizeni, manzara, otopark vs.) %11 olarak
hesaplanmigtir. Konu ile ilgili tiim hesaplamalar Tablo 2’de
verilmigtir.
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8.000.000 TL ®

Kredi Teklifler

Tekirdag / Corlu / Yenice Mh.

ilan No

ilan Tarihi
Emlak Tipi
m? (Brit)

m? (Net)
Acik Alan m*
Oda Sayisi
Bina Yagi

Kat Sayisi

Isitma
Banyo Sayist
Otopark

Egyali
Q Buyiik Fotograf

e jlan Klibi B

Kullamim Durumu
Site icerisinde
Aidat (TL)

Site Adi

Krediye Uygun
Tapu Durumu

Kimden

Takas

1128174083
27 Kasim 2023
Satibik Villa
575

275
Belirtilmemis
3+1

o]

2

Yerden Isitma
3
Belirtilmemisg
Hayir

Bos

Hayr
Belirtilmemis
Belirtilmemis
Hayir

Kat Molkiyetli
Emlak Ofisinden

Evet

Sekil 12. Yenice mahallesinde bulunan konu tasinmaz villanin gorseli ve ozellikleri [8].

Tablo 2. Maliyet Yontemine gore Yenice Mahallesinde bulunan konu taginmaz villanin degerlendirilmesi [10].

YASAL VE MEVCUT DURUM DEGERI

YASAL/

YASAL/
. YASAL/ MEVCUT YASAL/
SIRA gﬁ‘éili%ENKUL KAT MEVCUT YAPI gli?{‘ill\?[UT AMORTISMAN  (AMORTiSMAN  MEVCUT
NO  SEREFIVE ALAN  sINIFE: DRIV ORANT® UYGULANMIS) ~ TOPLAM DEGER
op) - BIRIMDEGER  (TL)

(TL/M?) (TL/M?)

i ARSA ; 57500 - 670000 - 6.700,00 3.852.500,00

2 KONUT IZ]IE\II\éI]i\INTAL 275,00 4B 12.050,00  0,00% 12.050,00 3.313.750,00

(DUBLEKS VILLA) ; 050, 00% 030, 313.750,
KAT

ARA TOPLAM (ARSA + BINA/YAPI) 275,00 7.166.250,00

SEREFIYE (CEVRE DUZENI +MANZARA+ OTOPARK ALANI) = %11 788.287,50

GENEL TOPLAM

T ) 275,00 28.925,59 7.954.537,50

GENEL TOPLAM _

(ARSA+BINA/YAPI+SEREFIYE) 275,00 28.909,09 7.950.000,00

(YUVARLATILMIS DEGER)

Aciklamalar:

Amortisman Orani:

Emlak Vergisine Matrah Olacak Vergi Degerlerinin Takdirine liskin Tiiziik‘ iin Bazt Maddelerinin Degistirilmesine ve
Bu Tiiziik’ e Bir Ek Madde Eklenmesine iliskin Tiiziik, 02 Aralik 1982 Tarihli Resmi Gazete, Say1: 17886, Asinma
Paylarina iliskin Oranlar1 Gésterir Cetvel esas alinmustir. Taginmaz yeni bina olup, insas1 yeni tamamlanmis ve iskan
edilmis oldugundan, 0-3 yas kabul edilmis ve oturum baslamamis oldugundan amortisman orani % 0 kabul edilmistir.

Yap1 Siifi Ve Yap: Birim Maliyet:

Cevre, Sehircilik ve Iklim Degisikligi Bakanligi, ‘Mimarlik Ve Miihendislik Hizmet Bedellerinin Hesabinda
Kullanmlacak 2023/2 Yili Yapr Yaklagik Birim Maliyetleri Hakkinda Teblig’ esas alimmistir. Taginmaz 4B Yap1 Smifinda
degerlendirilmis olup, Ayrik nizam miistakil villadir. Tabloya gore 4B, (12.madde); Miistakil veya Ikiz konutlar
(bagimsiz bolim briit alan1 151m2-600m2 villalar, teras evleri, dag evleri, kaymakam evi ve benzeri olarak kabul

edilmistir.
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3.4. Gayrimenkul Yatirnm ile Diger Yatirnm Ara¢larinin
Karsilastirilmasi

Satiglarin Karsilastirilmas: (Emsal) Yontemine gore deger
tespiti yapilmis olan Tekirdag ili, Corlu flgesi, Hiirriyet
Mahallesi, Camlibel Caddesi, Kilicoglu Danis Vizyon
Konutlari’nda bulunan konu taginmazin satin alinmig oldugu
Kasim 2012 tarihindeki degeri, degerleme tarihi olan Kasim
2023 tarihindeki tespit edilen degeri ve diger yatirim araglari
ile kiyaslamasi asagidaki gibidir;

-15 Kasim 2012 Konu Taginmaz Degeri: 110.000 TL

-15 Kasim 2023 Konu Taginmaz Degeri: 3.000.000 TL

-Konu tagmmmazin 11 yildaki deger artis1=3.000.000
TL/110.000 TL=27.27 kat

-15 Kasim 2012 Dolar Kuru: 1.8005 TL

-15 Kasim 2023 Dolar Kuru: 28.6679 TL

-Dolar’in 11 yildaki deger arti51=28.6679 TL/1.8005
TL=15.92 kat

-15 Kasim 2012 Euro Kuru: 2.2969 TL

-15 Kasim 2023 Euro Kuru: 31.1486 TL

Euro’nun 11 yildaki deger artisi=31.1486 TL/2.2969
TL=13.56 kat.

-15 Kasim 2012 gr. Altin: 98.99 TL

-15 Kasim 2023 gr. Altin: 1859 TL

-Gr altin’ 1 11 yildaki deger artisi=1859 TL/98.99 TL=18.78
kat

-15 Kasim 2012 gr. Giimiis: 1.78 TL

-15 Kasim 2023 gr. Glimiis: 22.87 TL

-Gr gimis’ Gn 11 yildaki deger art1i51=22.87 TL/1.78
TL=12.85 kat

Tekirdag 1li, Corlu Ilgesi Ergene Vadisi Konutlarinda tespit
etmis oldugumuz, ayn1 muhitte bulunan 2+1 konutlarin yillik
kapitalizasyon faiz orant %7 ve amorti siiresinin 14 yil oldugu
gbz Oniinde bulunduruldugunda, konu tasinmazin yatirim
amacli alinmis olmasi ve 11 yilda elde etmis oldugu kira
getirisi de dahil edildiginde; % 7x11 y11=%77 (11 yilda kiradan
saglanan getirisi) dir.

Yillik ortalama ev vergisi ve diger giderler (yipranma, tadilat,
kiract sirkiilasyonu vs.) yillik ortalama tarafimizca verilen %1
orani disiiriildiigiinde, 11 yilda %77-%11=% 66’lik bir kira
getirisi saglamaktadir.

3.000.000 TLx1.66 = 4.980.000 TL (Kira getirisi+ Konu
Tasinmazin ulastigit Kasim 2023 tarihli deger), Konu
tasinmazin 11 yildaki artis katsayisi= 4.980.000 TL/110.000
TL=45,27 kat.

4. Sonuclar

Bu calisma kapsaminda degerlendirilen konut
fiyatlandirmalar1 kaynaklar dahilinde verilmeye caligilmustir.
Buradaki fiyatlar {izerinde mutlaka bir pazarlik pay1
olabilecegi diisiiniilmektedir. Dolayisiyla ¢izelge degerlerimiz
iizerinde az da olsa degisim olacagi, ancak genel ortalama
degerlerimizi korudugumuzu diisiiniiyoruz.

Satiglarin  karsilagtirilmas:  (emsallerin)  yontemine gore
Tekirdag ili Corlu ilgesi Hiirriyet Mahallesi Vizyon Konutlar1®
nda bulunan 2+1 konutun yine Hirriyet Mahallesi’ nde
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bulunan emsallerine gore deger tespiti yapilmistir. Konu
taginmaza gore emsallerin artilar1 ve eksileri géz Oniinde
bulundurularak konu tasmmaza 3.000.000 TL deger
bigilmistir. Tiim bu karsilastirmalar sonucu konu taginmaz igin
tespit edilmis olan 27.777 TL/m? Hiirriyet Mahallesi
ortalamasi olan (Endeksa verileri) 28.260 TL/m? ile
karsilagtirilmis konu tasinmazin deger tespitinin gercek degere
en yakin sekilde tespit edilmistir. Gelirlerin kapitalizasyonu
yontemine gore Tekirdag 1ili Corlu Tlgesi Esentepe
Mahallesinde bulunan Ergene Vadisi Sitesinde 1+1, 2+1, 3+1
konutlar iizerinde deger tespitleri yapilmis, konutun oda say1st
ve metrekaresi biiylidiikge birim fiyatinin azaldigi sonucuna
ulagtlmistir. Yatirim amagli alinmasi planlanan konutlarin
birim metrekare fiyat1 yiiksek olmasina ragmen kiigiik
metrekare ve az oda sayisina sahip olan konutlarin tercih
edilmesinin daha avantajli olacag: tespit edilmistir. Maliyet
yontemine gore Tekirdag ili Corlu Tlgesi Yenice Mahallesinde
575 mt? bir arsa igerisinde yer alan, toplam 275 m? kullanim
alanima sahip, 8.000.000 TL satig bedeli bulunan dubleks bir
villanin degerlemesi yapilmistir. Bunun i¢in 6ncelikle Yenice
Mabhallesinde bulunan emsal arsalarin ortalama birim
metrekare satig fiyati tespit edilmis, tespit edilen birim fiyat,
degerlemesi yapilacak olan villanin satis fiyatindan
cikartilarak yap1 bedeline ulagilmistir. Cevre, Sehircilik ve
Iklim Degisikligi Bakanligi’ mn ‘Mimarlik Ve Miihendislik
Hizmet Bedellerinin Hesabinda Kullanilacak 2023/2 Yili Yap:
Yaklasik Birim Maliyetleri Hakkinda Teblig’ e gore 4B Yapi
Simnifi 12. maddeye gore [10] (12.050 TL/m?) degerlendiren
dubleks villa yapt (maliyeti+ arsa bedelit serefiye payi-
pazarlik pay1) hesabiyla 7.950.000 TL satis fiyatina ulagilmig
olup, satisa sunulmus oldugu 8.000.000 TL (pazarlik pay1
dahil) olan satig fiyatinin maliyet hesabina gére uygun oldugu
tespit edilmistir. Son olarak Satiglarin  Karsilagtirilmast
(Emsal) Yontemine Gore Deger Tespiti yapilmis olan Tekirdag
ili, Corlu Ilgesi, Hiirriyet Mahallesi Vizyon Konutlarinda
bulunan konu taginmazin satin alinmis oldugu Kasim 2012
tarihindeki degeri ve degerleme tarihi olan Kasim 2023
tarihindeki tespit edilen degeri karsilastirtlarak 11 yilda 27,27
kat arttig1 sonucuna ulasilmistir. Bu konutun yatirim amaglt
almmis ve kiraya verilmis olmasi durumunda ise tim
amortisman bedelleri diisiilmiis haliyle 45.27 katlik bir artig
saglamis olacagi tespit edilmistir. Ulasilmis olan bu getiri
katsayis1 geleneksel diger yatinm araglar1 katsayilart ile
karsilagtirilmis, 11 yilda Dolar 15,92 kat, Euro 13,56 kat, Gram
Altin 18,78 kat ve Gram Giimiis 12,85 kat artis gosterdigi
tespit edilmistir. Dolayisiyla konutun diger geleneksel yatirim
araglarina oranla neredeyse 3 katlik daha fazla bir getiri
oranina sahip oldugu tespit edilmistir.
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Abstract: This paper presents a comprehensive comparison of grid search and randomized search, the two main hyperparameter search
methods used in machine learning. The paper analyses the performance of these two methods in terms of efficiency, scalability and
applicability on different machine learning models and datasets. In the paper, it is emphasized that grid search provides a comprehensive
search since it searches all hyperparameter combinations on a regular grid, but it creates high computational cost. On the other hand,
while random search provides faster results by selecting random samples from the hyperparameter space, it has the disadvantage of
not providing complete coverage. Practical suggestions and decision-making processes are also presented for which search method
should be preferred in real-world applications. In conclusion, the paper summarizes the situations where grid search and random search
can be advantageous according to factors such as the complexity of the model, the size of the hyperparameter space and the available
computational resources and aims to provide a comprehensive guide for practitioners.

Keywords: Dataset, Grid Search, Hyperparameter Optimization, Machine Learning, Model Performance, Random Search.

Veri Kiimesi Performansi Uzerinde Izgara ve Rastgele Aramanin Kapsamh Analizi

Oz Bu makale, makine greniminde kullanilan iki ana hiperparametre arama yontemi olan 1zgara arama ve rastgele arama
yontemlerinin kapsamli bir karsilastirmasini sunmaktadir. Makale, bu iki yontemin performansini verimlilik, 6l¢eklenebilirlik ve farkl
makine dgrenimi modelleri ve veri kiimeleri lizerinde uygulanabilirlik agisindan analiz etmektedir. Makalede, 1zgara aramanin diizenli
bir 1zgara iizerinde tiim hiperparametre kombinasyonlarini aradig1 i¢in kapsamli bir arama sagladigi, ancak yiiksek hesaplama maliyeti
yarattig1 vurgulanmaktadir. Ote yandan, rastgele arama hiperparametre uzaymndan rastgele drnekler segerek daha hizli sonuglar
saglarken, tam kapsam saglamama dezavantajina sahiptir. Gergek diinya uygulamalarinda hangi arama yonteminin tercih edilmesi
gerektigine dair pratik Oneriler ve karar verme siiregleri de sunulmustur. Sonug olarak makale, modelin karmagikligi, hiperparametre
uzayinin biiylikligii ve mevcut hesaplama kaynaklar1 gibi faktorlere gore grid arama ve rastgele aramanin avantajli olabilecegi
durumlar 6zetlemekte ve uygulayicilar igin kapsamli bir rehber sunmay1 amaglamaktadir.

Anahtar kelimeler: Veri Kiimesi, Izgara Arama, Hiperparametre Optimizasyonu, Makine Ogrenmesi, Model Performansi, Rastgele
Arama,.

1. Introduction accuracy and generalization capability of algorithms. Correct
tuning of hyperparameters such as learning rate and

Hyperparameter optimization plays a critical role in the regularization power allows the model to perform optimally on

performance of machine learning models by improving the unseen data. The most common methods for this optimization
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are grid search and random search, which follow different
strategies [1].

Grid search guarantees the best result by evaluating all
possible combinations of hyperparameters; however, the
computational cost increases rapidly as the number of

hyperparameters increases. This method has been a
fundamental tool for many years, especially in models such as
support vector machines and decision trees with limited
hyperparameters but has become less effective in complex
models such as deep neural networks [2], [3].

In contrast, random search takes a more probabilistic approach
by randomly sampling hyperparameter values from predefined
ranges. Instead of evaluating every possible combination,
randomized search randomly selects a subset of
hyperparameters to be evaluated. Although it may seem
counterintuitive, Bergstra and Bengio showed that random
search often outperforms grid search in high-dimensional
spaces, especially when only a few hyperparameters are
important [4]. This is because randomized search avoids
wasting computational effort exploring irrelevant parts of the
hyperparameter space.

Random search, developed by Bergstra and Bengio in 2012,
aims to explore a large space at a lower cost by taking random
samples from the hyperparameter space. This method has
emerged as a more advantageous option when working with
large hyperparameter spaces or limited resources and has
become widely used in machine learning libraries such as
Scikit-learn.

This paper aims to present a comprehensive comparison of
grid search and randomized search in terms of efficiency,
scalability and applicability in machine learning models. We
will examine the advantages and disadvantages of the
methods, evaluate their performance on benchmark datasets
and discuss the reasons for their preference over real-world
applications. At the end of the paper, clear guidelines on which
method is more appropriate depending on model complexity,
size of the hyperparameter space and computational resources
will be presented.

1.1. Hyperparameter Optimization

Hyperparameter optimization is a critical process to improve
model performance and avoid under- or over-fitting problems.
Grid search, a widely used method, has high computational
cost while systematically evaluating all possible combinations
of hyperparameters. In contrast, random search offers a faster
and more efficient alternative by randomly sampling
hyperparameters in the search space, but at the risk of missing
optimal regions. Understanding the advantages and
disadvantages of these methods is a fundamental requirement
for choosing the optimization technique that suits the
requirements of the model.

1.1.1. Grid Search

Grid search is a traditional method in hyperparameter
optimization as it systematically evaluates all possible
combinations. For example, for three hyperparameters with
three potential values (learning rate, chunk size and
regularization power), a total of 27 combinations are tested and
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the best performing combination is guaranteed to be found.

This method is effective in low-dimensional spaces, but as the
number of hyperparameters increases, the combinations
increase exponentially, and the computational cost rises
rapidly. This is known as the curse of dimensionality and
makes grid search inefficient, especially for complex models.
Furthermore, in high-dimensional spaces where only a few
hyperparameters contribute significantly to performance, grid
search often wastes computational resources by working on
unnecessary combinations.

1.1.2. Random Search

Bergstra and Bengio proposed randomized search to overcome
the limitations of grid search. Random search works faster and
more efficiently in high-dimensional spaces by sampling
hyperparameters from specific distributions. Unlike grid
search, instead of giving the same importance to every
hyperparameter, it enables faster selection of important
parameters. This is particularly advantageous when
performance depends on several hyperparameters.

Mathematically, the random search complexity is limited to a
certain number of iterations (N), which can be adjusted
according to resources or time. This flexibility can provide
good results even with a low number of iterations. However,
randomized search may not discover specific areas, and since
the results depend on the sampling distributions used,
important areas may be missed if the distributions are
inadequate.

2. Summary of Real-World Applications and Case
Studies

The theoretical comparisons between grid search and random
search can be better understood through the performance of
these hyperparameter optimization techniques on real-world
problems. Case studies in areas such as deep learning and
natural language processing (NLP) demonstrate the
effectiveness of these methods [1].

In deep learning, especially in complex models such as
Convolutional Neural Networks (CNN), random search offers
a significant advantage. In a study on the CIFAR-10 dataset,
grid search evaluated 729 combinations, while random search
achieved similar accuracy with only 100 combinations.
Random search also halved the optimization time [5]. In an
optimization study for transducer models in NLP, random
search achieved 92.5% accuracy with 100 combinations, while
grid search achieved 92.7% accuracy with 500 combinations.
Randomized search saves time by providing similar results
even though fewer configurations are evaluated [6].
Automated Machine Learning (AutoML) systems favor
random search to deal with large hyperparameter spaces. In the
H20.ai AutoML framework, optimization with random search
resulted in faster training times and better accuracy results. [7].
In the financial sector, training times were reduced by 40%
using random search for fraud detection. This emphasises the
ability of randomized search for rapid tuning and large-scale
deployment in high-risk environments [8]. Studies show that
random search is more efficient in high-dimensional spaces
and should be preferred especially in areas such as deep
learning and NLP. Grid search can be useful in small-scale
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tasks, but random search is generally a better choice for more
complex and large data sets.

2.1. Challenges and Limitations

Although grid search and random search are effective methods
for hyperparameter optimization, they both have various
challenges and limitations. Understanding these limitations is
critical to choosing the right optimization technique.

Challenges of Grid Search

e  Computational Cost: As the hyperparameter space
expands, grid search becomes computationally
inefficient. For example, in an optimization with three
hyperparameters, the number of possible combinations
increases exponentially and becomes difficult to
manage in large models.

e The Curse of Dimensionality: As the number of
hyperparameters  increases, the number of
combinations also increases exponentially, which
reduces the chance of reaching the optimal
combination. Grid search often wastes time and
resources by evaluating sub-optimal points.

e Lack of Flexibility: Since a fixed hyperparameter
values work on a grid search, there is a risk of missing
the optimum values. This is especially problematic for
hyperparameters that take continuous values.

Challenges of Randomized Search

e  Stochastic Structure: Randomized search shows
variability as the results depend on the random seed.
Without enough iterations, sub-optimal results can be
obtained.

e Risk of Inadequate Exploration: Under-exploration
may occur in lower dimensional spaces. If very few
iterations are performed, better results can be obtained
due to the exhaustive nature of grid search.

e Dependence on Hyperparameter Distributions:
Randomized search is dependent on predefined
distributions. Poorly chosen intervals can lead to
missing important hyperparameter values.

Limitations of Both Methods

e  Lack of Adaptability: Both grid and random search
are static methods. New sets of hyperparameters are
determined independently of previous results, which
can lead to wasted computations.

e  Scalability Issues in Large Models: In large models
such as deep neural networks with millions of
parameters, both methods struggle to find the optimal
hyperparameters.

As a result, grid search is computationally expensive and
ineffective in high-dimensional spaces, while randomized
search offers a more efficient alternative but carries the risk of
under-exploration. Both methods lack adaptability and may
have difficulty in dealing with large, complex models.

3. Material and Method

This section describes the methodology used to compare grid
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search and random search for hyperparameter optimization.
The aim is to evaluate the efficiency, scalability and accuracy
of these methods on different machine learning models and
datasets.

1. Experimental Setup: The objective of the experiment
was to evaluate the efficacy of grid search and random
search techniques using the most commonly employed
datasets (MNIST (5000x784), Iris (150x4)) and machine
learning models, comprising support vector machines
(SVM), neural networks (NN), and random forest (RF).
Among the datasets used in the study, the MNIST dataset
contains 5000 samples, each with 784 feature vectors of
28x28 pixels. On the other hand, the IRIS dataset consists
of 150 samples and has 4 features for each sample [9][10].

2. Hyperparameter Space: The impact of hyperparameters
on model performance should be assessed in terms of
accuracy, generalizability and computational cost. For
example, while higher parameter numbers generally lead
to better performance, they can also increase
computational cost and risk over-learning. For each model,
an attempt is made to balance the number of parameters.
Each model has its own hyperparameters and search space.
For SVM, parameters such as gamma, regularization
parameter C, kernel type and kernel coefficient were
determined. For NN, the hidden layer size, activation
function, L2 regularization term (Alpha), learning rate
parameters are selected. For Random Forest (RF), the
learning coefficient, number of trees and depth parameters
are selected.

3. Implementation: Both methods are implemented with the
GridSearchCV and RandomisedSearchCV functions of the
Scikit-learn library. Performance is evaluated by k- fold
cross-validation and compared on metrics such as
accuracy and computational cost.

4. Evaluation Criteria: Performance is evaluated based on
training time as a and calculation cost and verification
accuracy.

5. Scalability Test: The scalability of all methods was tested
with hyperparameter spaces of different dimensions.

6. Stopping Criteria: For random search, stopping criteria
were determined using a certain number of iterations and
performance threshold.

The performance and practical applications of this
methodology between grid search and random search are
extensively analyzed.

4. Main Results and Performance Indicators
4.1. Performance Comparison

The performance of grid search and random search in
hyperparameter optimization is evaluated based on key factors
such as efficiency, scalability and effectiveness in finding
optimal hyperparameters. In this section, we present the results
of both methods using different machine learning models and
datasets. We will focus on training time, validation accuracy
(or model performance) and computational cost as metrics. It
is shown in Table 1.
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Table 1 Comparison of performance and computational
cost of models

Accuracy Duration

Dataset Model Search Algorithms
& (%) (sec)

SVM GRID SEARCH  92.440% 3349.189
RANDOM SEARCH 90.500% 2581.997

GRID SEARCH  92.400% 1395.008

MNIST NN RANDOM SEARCH 93.080% 776.624
RE GRID SEARCH  93.660% 2149.913
RANDOM SEARCH 93.460% 516.123

SVM GRID SEARCH  97.333% 5.810
RANDOM SEARCH 97.333% 0.648

IRIS NN GRID SEARCH  97.333% 54.176
RANDOM SEARCH 96.667% 17.266

RE GRID SEARCH  96.667% 164.022

RANDOM SEARCH 96.667% 42.972

Evaluations on the MNIST dataset show that the RF algorithm
is ahead in terms of accuracy. However, the RandomSearch
method stands out by achieving a 4.16-fold reduction in
computational cost for only a 0.2% reduction in accuracy. In
the IRIS dataset, SVM achieves a high accuracy rate due to the
low number of features, whereas the RandomSearch method
achieves the same accuracy rate but reduces the computational
cost by 9.5 times in the hyperparameter selection process.

Table 1 emphasizes that various algorithms should be
preferred for different datasets. However, when the
hyperparameter selection process is considered, the
RandomSearch method stands out as a viable option that offers
a significant computational cost advantage with an acceptable
loss of accuracy.

4.2. Efficiency and Computational Cost in
Hyperparameter Space

While grid search evaluates each hyperparameter combination
in a systematic way, random search explores the
hyperparameter space more efficiently by randomly sampling
these values. For example, in our experiment using Support
Vector Machine (SVM), the SVM hyperparameter pool offers
32 different options. With the cross-validation value defined as
S, the grid search evaluated 160 models, while the random
search worked with only 100 combinations.

Although both methods achieved similar validation accuracy,
the random search completed the optimization process in less
time than the grid search. The other model parameter pools are
detailed in Table 2.

Table 2 Model Parameters Pool

SVM NN RF

PARAMETERS 32 48 108
CROSS-VALIDATION 5 5 5
GRID SEARCH CANDIDATES 160 240 540
RANDOM SEARCH

CANDIDATES 100 100 100

CANDIDATE DROPOUTRATE% 62,5 41,6 18,5

Grid search leads to high computational costs due to its
exhaustive nature, as it evaluates all possible combinations.
For example, a random forest model with three
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hyperparameters may need to evaluate hundreds or thousands
of configurations. Randomized search can work with fewer
combinations and perform fewer evaluations, making it a more
time and resource efficient option. In the experiments on the
MNIST dataset, random search is limited to 100 combinations
and evaluated, while grid search works with 540 combinations
by trying all possibilities. This is presented in Table 2.

As can be seen from Table 1, in terms of computational cost
(time), random search is only inferior to the random forest
model, and the success rate is only 0.2% lower against this
requirement, as mentioned in the previous table.

4.3. Practical Considerations

Practitioners should consider the balance of computational
cost and efficiency when choosing between grid search and
randomized search. Grid search is generally more suitable for
small hyperparameter spaces, but random search is a better
choice in high dimensional spaces. Especially for scenarios
where time and resources are limited, random search offers a
more practical approach for complex models such as deep
learning.

As a result, random search consistently outperforms grid
search in terms of computational efficiency and scalability,
while providing similar or near-optimal results in most cases.
While the exhaustive approach of grid search may not be
suitable for high-dimensional hyperparameter spaces, random
search offers a flexible and effective alternative for many
machine learning tasks.

For the evaluation, the MNIST (5000x784) dataset, which is
frequently used in machine learning studies, was used. At this
stage, the dataset was hyperparameter optimized with SVM,
NN and RF algorithms using grid search and random search,
respectively, and the graphs of success rates and computational
costs (time) are presented in Figure 1, Figure 2 and Figure 3.

v pest cores Gptimizaton Tme seconds
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092430

090300

CridSearchcy PandomiredsearchCy

Figure 1. SVM performance for MNIST Dataset

rdSearchcy PandomizedSearchey

Figure 1 shows the accuracy and computational cost of the
SVM algorithm for the MNIST dataset. GridSearch calculates
it in 3349 seconds with 92.44% accuracy. The same dataset
and algorithm with RandomSearch can compute in 2581
seconds with 90.5% accuracy. Thus, the 1.94% accuracy
decrease was realized 23% more rapidly.

80



NN - Best Scores ion Time (seconds)

052400 093080

Figure 2. NN performance for MNIST Dataset

Figure 2 shows the accuracy and computational cost of the NN
algorithm for the MNIST dataset. GridSearch calculates it in
1395 seconds with 92,4% accuracy. The same dataset and
algorithm with RandomSearch can compute in 776 seconds
with 93% accuracy. In this calculation, Random Search
achieved both better accuracy (0.6%) and 44% quicker.
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Figure 3. RF performance for MNIST Dataset

Figure 3 shows the accuracy and computational cost of the RF
algorithm for the MNIST dataset. GridSearch calculates it in
20149 seconds with 93,6% accuracy. The same dataset and
algorithm with RandomSearch can compute in 516 seconds
with 93,4% accuracy. Thus, the 0,2% accuracy decrease was
realized 76% more rapidly.

Figure 4 shows a box plot of the cross-validation values for the
performance comparison of these algorithms. This box plot
compares the cross-validation scores of SVM, NN and RF
models. SVM models exhibit a wider distribution of
performance compared to the other models. In some cases,
very low scores (outliers around 0.2) were obtained, indicating
that SVM may be inadequate in certain scenarios. The NN
models are quite consistent in terms of performance, with
scores generally concentrated between 0.8 and 0.9. This shows
that NN has a stable performance. RF models, on the other
hand, are as consistent and high performing as NN, but with
slightly less variance. Overall, NN and RF models show
similarly high performance, but RF may be a step ahead in
terms of stability. On the other hand, SVM performs poorly
compared to the other models with its low median value and
high variance.
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MNIST Dataset

While continuing the evaluation, another dataset frequently
used in machine learning studies, IRIS (150x4) dataset was
also tested.

At this stage, the dataset was hyperparameter optimized with
SVM, NN and RF algorithms using grid search and random
search respectively and the graphs of success rates and
computational costs (time) are presented in Figure 5, Figure 6
and Figure 7.
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Figure 4. SVM performance for IRIS Dataset
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Figure 5 shows the accuracy and computational cost of the
SVM algorithm for the IRIS dataset. GridSearch calculates it
in 5,8 seconds with 97,33% accuracy. The same dataset and
algorithm with RandomSearch can compute in 0,64 seconds
with the same accuracy. Even though the accuracy is the same,
it is 89% faster in terms of time.
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Figure 5. NN performance for IRIS Dataset

Figure 6 shows the accuracy and computational cost of the NN
algorithm for the IRIS dataset. GridSearch calculates it in
54,17 seconds with 97,33% accuracy. The same dataset and
algorithm with RandomSearch can compute in 17,26 seconds
with 96,66% accuracy. In this calculation, Thus, the 0,67%
accuracy decrease was realized 68% more rapidly.
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Figure 6. RF performance for IRIS Dataset
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Figure 7 shows the accuracy and computational cost of the RF
algorithm for the IRIS dataset. GridSearch calculates it in
20149 seconds with 93,6% accuracy. The same dataset and
algorithm with RandomSearch can compute in 516 seconds
with 93,4% accuracy. Even though the accuracy is the same, it
is 74% faster in terms of time.
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Figure 7. Performance comparison of Algorithms for
IRIS Dataset

Figure 8 shows a box plot of the cross-validation values for the
performance comparison of these algorithms. Box plot
compares the cross-validation scores of SVM, NN and RF
models. SVM models exhibit a wider distribution of
performance compared to the other models. In some cases,
very low scores (outliers around 0.2) were obtained, indicating
that SVM may be inadequate in certain scenarios. The NN
models are quite consistent in terms of performance, with
scores generally concentrated between 0.8 and 0.9. This shows
that NN has a stable performance. RF models, on the other
hand, are as consistent and high performing as NN, but with
slightly less variance. Overall, NN and RF models show
similarly high performance, but RF may be a step ahead in
terms of stability. On the other hand, SVM performs poorly
compared to the other models with its low median value and
high variance.

5. Future Directions and Improvements

As the complexity of machine learning models increases and
datasets grow, more sophisticated techniques for
hyperparameter optimization are needed. In this chapter,
advanced approaches such as Bayesian optimization, adaptive
search techniques, automated machine learning (AutoML)
systems and hybrid methods will be reviewed and their
potential on hyperparameter tuning efficiency will be
discussed.

Bayesian optimization is a method that guides hyperparameter
search using past performance information. Builds a surrogate
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model (usually a Gaussian process) and establishes a balance
between exploration and exploitation [11].

o Efficiency: It provides a more efficient search by
focusing on the regions of the hyperparameter space
containing the best solution.

e  Adaptability: It becomes adaptive with further
evaluation.

e  Scalability: Works well for models with less than 20
hyperparameters, but complexity increases as the
number increases.

Adaptive randomized search techniques become more
effective by dynamically adjusting the search process based on
previous results. Methods such as Hyperband terminate low-
performing configurations early, directing resources to more
promising configurations. This is particularly efficient for
large hyperparameter spaces.

Evolutionary algorithms, such as genetic algorithms, optimize
hyperparameter configurations by simulating the process of
natural selection. In each generation the best configurations
are selected and improved over time. This method offers the
ability to effectively explore large and complex spaces [12].

AutoML systems automate processes such as model selection
and hyperparameter optimization. By integrating advanced
search techniques, it becomes useful for non-experts with user-
friendly interfaces. It also provides more efficient optimization
by automatically adapting to the characteristics of data sets.

Hybrid methods combine the strengths of more than one
optimization technique. For example, they can start with a
broad random search and continue with Bayesian optimization
around promising regions. These methods strike a balance
between exploration and exploitation, resulting in more robust
results.

6. Conclusion

The development of advanced hyperparameter optimization
techniques such as Bayesian optimization, adaptive search
methods and evolutionary algorithms reflects the growing
need for more efficient and scalable solutions in machine
learning. While grid search and randomized search continue to
be widely used, these new methods offer significant
improvements in computational efficiency, adaptability and
scalability. As machine learning continues to evolve, hybrid
approaches and AutoML systems will likely play an
increasingly important role in simplifying and automating the
hyperparameter optimization process. In this paper, we show
that when random search is compared to grid search, random
search offers a high gain in computational cost over grid
search, with a modest performance degradation when using the
same hyperparameter spaces, but a high computational cost
gain.
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Abstract: To solve various technical problems, technologies are needed that allow creating new types of functionally graded anisotropic
composite materials with directional properties. The formation of such structures based on additive technologies continues to retain its
relevance every day. In this context, this paper proposes a new approach to creating a structure with axial symmetry and electrical or
mechanical properties. In this case, the possibility of controlling the movement and direction of particles using strong electric fields is
used. Taking into account the presence of a strong electric field in a condensed medium located in the interelectrode space, a
mathematical model for the formation of a structure with axial symmetry is proposed, based on the analysis of the forces acting on the
particles in the medium. For this model, as a result of some simplifications, analytical solutions were found. According to the results
obtained, it is believed that a strong electric field also allows forming certain structures of materials and products with certain properties
from microparticles, similar to polymer chemistry.

Keywords: Gravity force, Archimedes force, Environment resistance, Nanosized particle, Bouguer—Lambert-Beer law, Strong electric
field

Giiclii Elektrik Alani ile Eksenel Simetriye Sahip Malzeme Yapilarinin Olusumunun Analizi

Oz Cesitli teknik sorunlar1 ¢dzmek igin, yonlii 6zelliklere sahip yeni tiirde islevsel olarak derecelendirilmis anizotropik kompozit
malzemeler olusturmay1 miimkiin kilan teknolojilere ihtiyag duyulmaktadit. Additive (eklemeli) teknolojilere dayali bu tiir yapilarin
olusumu her gegen giin giincelligini korumaya devam ediyor. Bu baglamda, bu ¢alismada, eksenel simetriye ve elektriksel veya
mekanik 6zelliklere sahip bir yap1 olusturmaya yonelik yeni bir yaklasim &nerilmektedir. Bu durumda, parcaciklarin hareketini ve
yoniinii kiivvetli elektrik alanlari ile kontrol etme 6zelligi kullanilmaktadir. Elektrotlar arasi boslukta bulunan yogunlastirilmig bir
ortamda kuvvetli bir elektrik alanin varligi da dikkate alinarak, ortamdaki pargaciklar {izerine etki eden kuvvetlerin analizine dayanarak,
eksenel simetriye sahip bir yapmin olusumunun matematiksel bir modeli 6nerilmisgtir. Bu model igin bir takim basitlestirmeler
sonucunda analitik ¢oziimler bulunmustur. Elde edilen sonuglara goére, kuvvetl elektrik alaninin da, polimer kimyasina benzer bir
sekilde mikropartikiillerden belirli 6zelliklere sahip baz1 malzeme ve iiriin yapilarinin olusumuna olanak sagladigi diisiiniilmektedir.

Anahtar kelimeler: Yercekimi kuvveti, Arsimet kuvveti, Cevre direnci, Nano boyutlu par¢acik, Bouguer—Lambert—Beer yasasi,
Kuvvetli elektrik alan:

1. Introduction properties specified as to directions.
To solve various technical problems, technologies are needed At present, these properties are possessed by composite
that make it possible to create anisotropic materials with materials, the creation of which uses mechanically aligned
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structures. An example of such structures are composites made
by gluing (sintering) fibers or woven materials.

The initial threads, for mechanically built structures, have a
natural thickness limit, which is tens of micrometers. Reducing
the thickness of the threads leads to a sharp increase in the cost
of the process and deterioration in the degree of orderliness of
structures.

At the same time, it is clear that the smaller the size of the
aligned particles and the higher the degree of order, the better
the properties of the materials.

In this regard, it seems relevant to develop methods free from
these shortcomings for creating materials with electrical,
magnetic, or mechanical properties specified as to directions.

One of the possible ways to solve this problem is to use the
control of the motion and orientation of particles by strong
electric fields.

The processes of directional motion, orientation, stretching
and sedimentation of particles under the action of Coulomb
forces are quite effective for micro and nanoparticles [1-11].

The behavior of particles under the action of an electric field
in gases has been studied in sufficient detail, which led to the
creation of a number of industrial technologies [3-5].

At the same time, a significant part of modern materials is
created using various kinds of chemical reactions initially in
liquid or powder medium.

2. Statement of the problem

The use of controlling the movement and orientation of
particles by strong electric fields, similar to polymer
chemistry, creates materials with predetermined properties.

3. Mathematical Model of Formation of Structure
with Axial Symmetry

In condensed media, the particles in the interelectrode gap are
affected by the following main forces [3, 4, 11,12].

- gravity (E, = mg),
- the action of the electric field on the charge of the particle
(Fy = (@4 = QE),

-action on the electric dipole moment (ﬁdipol = % VEZ) ,

- environment resistance (F, = —6muR?) ,
- Archimedes (Fy = Sl(pm — pp)7) ,

here g =9.81 ;"—2 is the free fall acceleration, Q,, Q_, are

positive and negative charges on the particle, respectively, E-
_; £oSE  -is the induced

is the electric field strength, Q =

&r
&t
charge, [ -is the particle length, S - is the surface area of
particle, &, and . are the permittivity of free space and
relative permittivities, n- is the viscosity of the medium, R- is
the transverse particle size, p,, and p,, are the density of the
medium and matter of the particle. With steady motion, the
particles move uniformly, i.e. the sum of the forces is zero:
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> >

B+ Fy+ Fappor + Fp + Fy =0 1)

Whence, taking into account the expressions for the forces, we
obtain:

- l
mg + (Qy — Q)E + %VE2 — 6mnRY +

SU(pm — pp)¥ =0 @

When the electric field is oriented along the force of gravity,
the speed of its directed movement will be:

1
Lladrm— [mg + (@4 = QE + (pm — pp)gSl]| +
IR =1
EEOE (zr”) grad|E| (3)
In a uniform electric field, the force acting on the electric
dipole moment after the particle rotates along the field turns to
zero, therefore:

v~ ——[mg + (Qs — Q_)E + (pm — p,)3S!] )

~ 6mnnR

Taking into account the fact that the particle mass m = p,, Sl
and its cross-sectional area S ~ mR?, from (4) we obtain:

vxogpy SU +(Qs = QE + (om — p,)9S!] =

oo L9 + (@1 = Q)E] (5)

where m,,, = p,, SL is the mass of the medium displaced by
the body. It can be seen from expression (5) that the drift
velocity is inversely proportional to n and R.

In order for the force acting on the particle to become much
greater than the Archimedes force, the particle must acquire a
charge > Q, = % , which for p,, —p, = 5" 103% .S
10722 m2,1=10"5m (M =5-10"1* kg)at E = 10°

mg _ 5107 x9.81
E 106

A4
m
is Q = ~5-1071° C.

By choosing Q =5-1078 ¢ and the filling factor of the

medium k = 0.1 , we obtain that the specific volume charge

in the medium is: @, =%-k =5-1072 mi

3

For a sample with asize of 1 x 1 X 1 cm3, the required charge
willbe Q = 5x 1078 C.

Such a charge is provided by a current with a density of
1077 A/ cm? in atime of 0.5 seconds. Taking into account
the filling factor of the medium k = 0.1, the time of current
flow until the particles are charged will be 5 ... 10 seconds.

4. Results and Discussion

Until recently, the use of shortwave radiation in industrial
technologies has been limited by the low capabilities of
emitters. Modern LEDs and semiconductor lasers make it
possible to obtain intense ultraviolet radiation in the
wavelength range up to 200 nm.

Source of ionizing radiation intensity I with photon energy &¢
provides the charge density in the conduction band equal to:

=¥
n=Ls ©)

where y - is the probability of an electron being ejected by a
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photon into the conduction band, T — is the lifetime of charges
in the conduction band. In this case, the current density j will
be:

j=n,uEe=Z—IT,uEe 7
£

where  pu- is the mobility of charge carriers, e =
1.6 x 1071° C is the electron charge.

From (7) we find the required intensity:

_ J&r @)

_yeurE
For estimates, we will assume [3, 10, 14]: j = 1077 A/cm?,
& = 5eV, y = 0.01,
t=10"%s, u = 01cm?/Vs, E = 10* V/cm, which
gives:

1077-5-1.6:1071° w
= — o — 5 - (9)
0.01:10%0.1:1078:1.6:10~° cm?

The resulting value is quite realizable using modern LEDs.
Let's outline the main steps necessary for the implementation
of the proposed technology on the example of the formation of
a structure with axial symmetry. Suppose you need a
cylindrical sample material with stiffness increasing in the
axial direction along the radius.

In other words, the rigidity of the material in the axial direction
near the axis is significantly less than near its boundary. To do
this, we choose a filler in the form of rigid elongated micro or
nanosized particles and place them in a compound with low
conductivity.

The technology of mixing and degassing the mixture will not
be considered here.

Let us present the main steps of developing the technology of
the process. After preparing the mixture, we measure its
transmission spectrum.

In order for the radiation penetration depth to be optimal,
theoretical calculations of the radiation penetration depth into
the sample were made using the Bouguer—Lambert-Beer law,
which is responsible for the qualitative part of the
spectrophotometric analysis, which states that the intensity of
radiation passing through the medium decreases exponentially
with distance [13]:

1(z) = Iyexp(—a - d) (10)

where I, is the initial intensity of incident radiation; I(z) is the
radiation intensity at depth z; a is the absorption coefficient;
z is the radiation penetration depth, [cm]; d is the width of the
absorbing layer.

Let us choose the radiation wavelength such that the radiation
path length in the mixture is less than the sample radius. Let's
choose the type of emitter according to the wavelength.

Let's make a mold from a segment of a quartz tube, fill it with
a mixture. We will place it in a flat inter electrode gap. Let us
place the emitters so that the surface of the sample is
illuminated fairly uniformly (see fig.1).

Apply voltage to the gap and turn on the emitters. At the same
time, the filler particles will acquire a charge, line up like iron
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filings in a magnetic field, and begin to move along the electric
field. A schematic illustration of the formation of a structure
with axial symmetry is shown in Fig. 2.

In the inner part of the sample, the radiation intensity is low
and the effect of the field on the particles is much weaker. To
prevent the deposition of particles, after they line up, the
voltage from the gap must be removed.

During the curing of the compound, the alignment procedure
must be repeated using voltage pulses of alternating polarity.

After curing the compound, the particles in the outer layers of
the sample will be oriented strictly parallel to the axis, and as
the axis is approached, the proportion of oriented particles will
decrease, as will the rigidity in the axial direction.

When sufficiently transparent and liquid components are used,
the displacement of particles to the outer part of the sample is
possible due to the radial repulsion of like charges.
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Figure 1. Schematic illustration for determining the
path length of radiation in a mixture.
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Figure 2. Schematic illustration of the formation of a
structure with axial symmetry

5. Conclusion

In the case under consideration, the formation of materials
with axial symmetry in a strong electric field can be interpreted
as percolation theory, i.e. regular movement in a random
environment. Note that from a mathematician's point of view,
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percolation theory should be classified as probability theory on
graphs. From a physicist's point of view, percolation is a
geometric phase transition. From a practitioner's point of view,
it is a simple but powerful tool that allows one to easily solve
a wide variety of life problems.

Based on the analysis of the task set, this study shows that,
similar to polymer chemistry, which constructs molecular
structures with specified properties, an electric field is also
capable of constructing certain structures of materials and
products from micro particles. It is believed that the current
level of development of the element base and high-voltage
technology allows us to move on to the practical
implementation of such technologies.
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iki Farkh Konum ve Ozellikteki Otelde Yagmur Suyu Hasad1
Uzerine Fizibilite Calismasi
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Oz Kasith su kaynaklarmin korunmasi ve alternatif su kaynaklarinin degerlendirilmesi giiniimiiziin énemli konular1 arasinda olup,
ilkemizde 2023 yilinda Su Verimliligi Seferberligi ilan edilmistir. Bu baglamda kentsel doga temelli ¢oziimler ve yesil altyapi
uygulamalar: arasinda kabul goren alternatif segeneklerden yagmur suyu hasadi ile binalarda sebeke suyundan su tasarrufu saglanirken
dogal su kaynaklarimizin da korunmasina katki verilebilecektir. Bu ¢alismada, Antalya ve Izmir illerimizdeki 2 farkli otel kompleksinin
catilarindan toplanacak yagmur suyunun tesis igerisinde 6zellikle sifon suyu ve yesil alan sulamalar ile elde edilecek tasarruf
oranlarinin yani1 sira, yatirim ve igletme maliyetleri detayli olarak ¢alisilmig ve geri 6deme siireleri hesaplanmistir. Her 2 otel drnegi de
gergek vakalar olup, Izmir’deki otel planlama asamasindaki ok katli tek bir bina iken Antalya’daki otel bir tatil kdyii niteliginde olup,
yatayda yayilmis mevcut ve faaliyetteki bir oteldir. Antalya’daki kompleksteki catilardan toplanabilen suyun tamamen sifon suyu
olarak kullanilmasi diisiilmiistiir. Bu durumda sifon suyundan %20, toplam su tiiketiminde %3 tasarruf yapilabilecegi ve geri 6deme
siiresinin 16 yil oldugu bulunmustur. izmir’deki otelde ise planlanma asamasindaki ayni binamin faaliyette olmasi durumu da
incelenmis olup, geri 6deme siireleri sirastyla 9 yi1l ve 18 yil olarak hesaplanmistir. Bu oteldeki su tasarrufu ise %12 olmaktadir.
Fizibiliteleri yapilmig bu drnekler ¢ogaltilabilerek birgok bina tipolojisinde uygulanabilir; hatta grisu geri kullanimi alternatifi ile
birlikte degerlendirildiginde daha fazla su tasarrufunun yani sira daha kisa geri 6deme siireleri s6z konusu olabilmektedir.

Anahtar Kelimeler: Alternatif su kaynaklari, Otel, Geri 6deme periyodu, Yagmur suyu hasadi, Su tasarrufis.

Feasibility Study on Rainwater Harvesting of Two Hotels in Different Locations and Features

Abstract: Protecting limited water resources and evaluating alternative water resources are among the important issues of today, as
such, Water Efficiency Campaign has been declared in our country in 2023. In this context, rainwater harvesting, one of the accepted
alternative options among urban nature-based solutions and green infrastructure applications that can save water from municipal lines
in buildings, contribute to the protection of our natural water resources. In this study, the saving rates that may be obtained from the
rainwater collected from the roofs of two different hotel complexes in Antalya and Izmir, especially through flush water and green area
irrigation, as well as investment and operating costs, were studied in detail and payback periods were calculated. Both hotel examples
are real cases; while the hotel in Izmir is a single multi-storey building at the planning stage whereas the hotel in Antalya is a holiday
village and is an existing hotel spreading horizontally. The water collected from the roofs of the complex in Antalya was intended to
be used entirely as flush water. In this case, it was found that 20% of flush water and 3% of total water consumption could be saved
with a payback period of 16 years. In the Izmir Hotel, the situation of the same building both at the planning stage and under operation
cases were also examined, and the payback periods were calculated as 9 years and 18 years, respectively. The water saving in this hotel
is 12%. These feasible examples can be increased and applied to many building typologies; in fact, when evaluated together with the
greywater reuse alternative, shorter payback periods may be possible as well as more water savings.

Keywords: Alternative water sources, Payback period, Hotel, Water conservation, Rainwater harvesting.
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1. Giris

Hizl niifus artis1, kentlesme ve sanayilesme suya olan talebi
arttirirken, ayni zamanda gevre kirliligi ve iklim degisikligi
etkileri de su kaynaklarini miktar ve kalite agisindan baskiya
maruz birakmaktadir. Ulkemizde su kaynaklarinm ilerleyen
stiregte iklim degisikliginin olumsuz etkilerine daha fazla
maruz kalacagi kabul edilmekte olup; su kullanan ile suya
bagli olan pek ¢ok sektor de dogrudan ve dolayli olarak iklim
degisikliginden etkilenecektir. iklim degisikligi etkilerinin
kisa vadede engellenemeyecegi gergegi, iklim degisikligine
uyum faaliyetlerinin dnemini arttirmaktadir. Kiiresel 6lgekten
kent dlgegine kadar tiim sistemlerin degisen iklime uyum
saglamasi ve direncli hale gelmesi siirdiiriilebilir bir gelecek
icin en dnemli adimlardan biridir. AB Yesil Mutabakat (YM)
Politikas1 kapsaminda iklim degisikligine uyumun en 6nemli
stratejisi olarak tanimlanan "Ddngiisel Ekonomi "ye gegciste
"suyun dongiiselliginin" saglanmasi zorunlu hale gelmistir [1].

Iklim degisikligine uyum stratejileri olarak kentsel doga
temelli ¢oziimler ve yesil altyapr olarak tatmin edici
uygulamalar arasinda yagmur suyu hasadi (YSH) [2,3,4,5], gri
suyun yeniden kullanim1 (GSK) [6,7,8,9], aritilmis atik suyun
yeniden kullamimi [10,11,12] ve deniz suyunun tuzdan
arindirtlmasi ile tath su temini [13,14,15] yaygin alternatif su
kaynaklari olarak 6ne ¢ikmaktadir. Su kaynaklarinin mevcut
potansiyelinin ve kalitesinin korunumunun saglanmasi i¢in s6z
konusu bu alternatif su kaynaklarina yonelim tiim diinyada,
ozellikle su kitlig1 ve stresi yasayan iilkelerde hizlanmigtir. Bu
alternatif kullanimlar, Novotny (2013) [16] ve Eslamian
(2016) [17] tarafindan da vurgulandigi tizere, iklim
degisikliginin mevcut su kaynaklar iizerindeki olumsuz
etkileri nedeniyle daha da uygulanabilir ve dikkat ¢ekici hale
gelmistir.

Gelecek yillarda su stresi ve kithigi 6nde gelen ¢evre sorunlart
arasinda yer alacagindan, su tiikketimine iligkin siirdiiriilebilir
¢6ziim yollarmin giliniimiize nazaran daha fazla ilgi gorecek
konular olmasi beklenmektedir. Birlesmis Milletler (BM)
Siirdiiriilebilir Kalkinma Hedeflerinden (SKH) No: 6 (temiz su
ve sanitasyon), No: 11 (siirdiirtilebilir sehirler ve toplumlar),
No: 12 (sorumlu tiiketim ve iiretim) ve No: 13'iin (iklim
eylemi) bu konuya odaklanmas: ile su kaynaklarmin
stirdiiriilebilir yonetimine kamuoyunun ilgisi daha da artirmig
durumdadir [18]. Suyun yeniden kullanimmm mantigin
destekleyen bir diger husus; yiiksek su kalitesi gerektirmeyen
kullanim alanlari i¢in kullanim amacina uygun kalitede su
kullanmak ve enerji israfindan kaginmaktir. Evsel su
kullaniminin bilesenlerine baktigimizda; kullanimin en az
%34’ tiniin (%30 sifon suyu, %4 bahge sulama) icilebilir
kalitede su gerektirmedigi goriilmektedir. Bununla birlikte,
evsel su kullanimimin %16’sina karsilik gelen gamasirhaneler
ve temizlik islerinde de aritma ihtiyaci ve gerekli su kalitesi
saglanarak grisu/yagmur suyunun tercih edilebilir oldugu
bilinmektedir [19].

Alternatif su kullanimi uygulamalari arasinda bilinen en eski
teknoloji yagmur suyunu hasat ederek yagisin depolanmasi ve
daha sonra igme, yemek pisirme dahil bir¢ok evsel ihtiyag i¢in
yeniden kullanilmasidir [20,21]. YSH ile yagislarin gegirimsiz
yiizeylerden akisa gegmesi engellenerek topraga sizdirilmasi,
yeraltt suyuna beslenmesi veya yeniden kullanilmak {izere
depolanmasi miimkiindiir. YSH sistemleri kolay yonetimi
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sayesinde giinlimiizde giderek yaygimlasmakta ve temelde
basit ve uygulanabilir teknolojilere dayanmaktadir. Kolay
kurulum, diigiik enerji gereksinimi ve ucuz bakim gibi
faktorler, kentsel ve kirsal sakinlerin YSH sistemlerini
kurmalar1 i¢in tegvik edici unsurlardir.

Yagmur suyunun gegirimsiz yilizeylerden tutulmasi yagish
donemlerde yasanabilen sel ve erozyon risklerini de
azaltmaktadir. Ayrica, akisa gecen yagis sulariyla beraber
taginan kirlilik yiiklerinin nehir, g6l, dere gibi su kaynaklarina
girisini engelleyerek su kaynaklarinin kalitesinin korunumunu
destekler. YSH, bireylerin sebeke suyuna bagimliligini azaltir
ve sebeke suyu kullanimindan azaltim saglayarak bireylerin su
faturalarindan tasarruf etmelerine yardimci olur. Bireysel
Olgegin yani sira tim toplumda sebeke ve genel su idaresi
hizmetlerinin maliyetini 6nemli Olgiide azaltabilir. Yagish
giinlerde kanalizasyona giden ylizey akisinin atiksu aritma
tesislerinin  debisini artirmasiyla yasanabilecek isletim
problemlerinin de dniine gegilir. Bir toplulukta kayda deger bir
niifusun  YSH sistemini kullanmasiyla, yagmur suyunun
tahliyesi i¢in tasarlanan yagmur suyu kanallarma olan
gereksinim azalir [22].

YSH, tarimsal ve kentsel olmak lizere farkli kullanim amaglari
icin uygulanabilmektedir. YSH teknikleri kullanim alani,
toplama havzasi alam ve biiyiikliigii gibi ozelliklere gore
siniflandirtlir  [23]. Pamuk ve Akkuzu (2008) [24]’in
belirttigine goére su hasadi teknikleri 4 ayri grup ile
smiflandirilmaktadir:

*  Mikro havza su hasadi

e Makro havza su hasadi

e Tagkin hasadi

* Cat1 ylizeyinden su hasadi

YSH uygulamalarinda, binanin ¢atisina diisen suya herhangi
bir tasima maliyeti olmaksizin erisilebilmektedir. Yagmur
suyu kullanimi {icretsiz, yatirim maliyeti ise diigiiktiir. Cati,
insan miidahalesinden arindirilmig yiizeysel bir ortam olup,
cati yizeyi disinda ¢ok fazla kirlilik kaynagi
bulunmamaktadir. Tokus ve Ozdemir (2017) [25]’in belirttigi
lizere; yagmur suyu, kalsiyum, magnezyum, karbonat gibi
sertlik yapan iyonlar1 igermedigi ig¢in ¢amasir yikama ve
yemek pisirme i¢in kaliteli bir su yapisina sahiptir. Dogal tatlt
sular i¢inde en az tuz oranina sahip sudur ve bu nedenle bitkiler
i¢in faydalidir [26]. Bu nedenlerden dolayi, siirdiiriilebilir su
giivenligi i¢in entegre su yonetimi yaklagiminin bir pargasi
olarak YSH sistemleri olduk¢a verimli uygulamalardir.

Calisma kapsaminda 2 farkli konum ve oOzellikteki otelde
cati/catilardan YSH fizibilitesi yapilmistir. izmir ilinde secilen
otel projelendirme asamasinda olup, ingaatt baglamamis
alandir (Otel A). Antalya Ilinden secilen otel ise mevcut ve
faaliyettedir (Otel B). Analiz ¢alismalarinda [zmir’deki otelin
mevcut durumda kullanilan binalar olmasi durumu da ilave
senaryo olarak calisiimistir (Otel C). Bu durumda binalarda
muhtemel tesisat degisiklikleri ile olusabilecek kirim ve yapim
maliyetleri g6z Oniine alinmistir. Yapilarin proje asamasinda
ve kullanim asamasinda oldugu durumlardaki
uygulanabilirlikleri, yatirimlarmm  geri  O0deme  siireleri
iizerinden incelenmistir. Calisilan senaryo ile YSH
sistemlerinin yapilara inga edilmeden Once tasarlanmasinin
mali avantaji ortaya konulmustur.
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1.1. Yagmur Suyu Kalitesi Gereksinimi

Yagmur suyunun aritma ihtiyaci, kullanilacagi alandaki su
kalitesi gereksinimine gore belirlenir. Camasir ve bulasik
makinesinde sert su kullanilmasi bu makinelerin dmiirlerini
kisaltmakta ve deterjan tiiketimini arttirmaktadir [27]. Suyun
sert olmasini saglayan kalsiyum ve magnezyum iyonlarmin
konsantrasyonu yagmur suyunda ve ¢amasir yikamak icin
uygundur [28]. Toplanan yagmur sularinin tuvalet
rezervuarlarinda sifon suyu olarak yeniden kullaniminda
yaprak, bocek vb. maddelerin sisteme girerek sistemin
tikanmasin1 6nlemek i¢in basit bir filtrasyon ve/veya ilave
klorlama yeterli goriilmektedir.
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Bu kapsamda yagmur suyu kalitesi, bolgelerin cografi
konumu, topografik yapilari, mevsim donemleri ve su tutma
ylizeyinin  yapist gibi birgok faktér ile degisiklik
gostermektedir. Yagmur suyu kalite ihtiyaci ise suyun
kullamlacag1 alana gére degismektedir. Ulkemizde yagmur
suyunun kullanimina yonelik belirlenmis kalite standartlari
bulunmamaktadir. ABD’nin Ulusal Cevre Ajanst (EPA)
tarafindan yaymlanmis olan rehber dokiimanda, yagmur
suyunun yeniden kullaniminda dikkate alinmasi gereken
parametre ve sinir degerleri Tablo 1’de verilmistir [29].

Tablo 1 Toplanmis yagmur suyunun yeniden kullanimui ile ilgili sinir degerler [29]

Parametre Sinir Degerler Sistem Tipi
Kullanim amact Basingh y1kgma ve bahge Bahge sulama ve WC
fiskiyeleri rezervuar
Escherichia Koli say1s1/100 mL 1 250 Tek bolge ve ortak ev sistemleri

Toplam koliform say1s1/100 mL

Legionella sayisi/L

Bagirsak enterokoku say1s1/100 mL

Depolanan aritilmis suda ¢oziinmiis
oksijen

Askida katt madde
olmamali

Serbest klor

Serbest bromiir

>10 % doygunluk veya >1 mg/L oksijen

Tim kullanimlar icin gorsel olarak berrak ve askida madde

<0.5 mg/L bahge sulamada; <2 mg/L diger tiim kullanimlarda

<0.5 mg/L bahge sulamada; <2 mg/L diger tiim kullanimlarda

Tek bolge ve ortak ev sistemleri

Risk degerlendirmesine bagli olarak
analiz gerektiginde

Tek bolge ve ortak ev sistemleri
Tiim sistemler

Tiim sistemler
Tiim sistemler, kullanildig1 durumda

Tiim sistemler, kullanildig1 durumda

Renk Gozlenmemeli Tiim sistemler
Bulaniklik <10 NTU (UV dezenfeksiyonu i¢in)
pH 5-9 Tek bolge ve ortak ev sistemleri

1.2. Ulusal Mevzuat

Ulkemizde yagmur suyu ile ilgili ilk yasal mevzuat 23.06.2017
tarihli ve 30105 sayili Resmi Gazete ile yayimlanarak
yiriirlige giren “Yagmursuyu Toplama, Depolama ve Desarj
Sistemleri Hakkinda Yo6netmeliktir [30]. Bu yonetmelik, halk
saghigint ve giivenligini, g¢evrenin korunmasini, sistemin
stirdiiriilebilir olmasini, igme suyu kaynaklarinin suyla tasinan
kirliliklerden korunmasini esas alarak yagmur suyu toplama,
depolama ve desarj sistemlerinin planlanmasina, tasarimina,
projelendirilmesine, yapimma ve isletilmesine iligkin usul ve
esaslar1 kapsamaktadir.

Cevre, Sehircilik ve Tklim Degisikligi Bakanhgi’mn (CSIDB)
“Planli Alanlar Imar Yonetmeligi”’nde 23.01.2021 tarihinde
degisiklik yapilmis ve 2.000 m?>den biiyiik parsellerde
yapilacak binalarin catilarindan toplanan yagmur sularinin
gerekmesi halinde filtre edilerek yeniden kullanilmak {izere
tabii zemin altinda bir depoda toplanmast amactyla “Yagmur
suyu toplama sistemi” yapilmasi belirtilmigtir. Daha sonra
11.07.2021 tarihinde bahsi gegen yonetmeligin kapsaminin
artirilmast i¢in degisiklik yapilmis; toplanan yagmur sularinin
bina tuvalet sifonlarinda kullanilmasi, ihtiyagtan fazla olan
kisminmn bahce veya diger ortak alanlarda kullanilmas:
gerektigi ifade edilmistir [31].

Bu yonetmelikte belirtilen hiikiimler dogrultusunda, ilgili
idarelere yagmur suyu toplama sistemlerinin kiigiik parsellerde

kurulmasi, toplama tanki hacminin hesaplanmasi yontemi ve
ek kullanim alanlarma iliskin zorunluluklar belirleme yetkisi
verilmistir. Bunun iizerine birgok biiyiiksehir belediyesi (BSB)
tarafindan imar yonetmeliklerinde degisiklik yapilmis ve YSH
sistemlerinin uygulanmasina iliskin zorunluluklar
getirilmigtir.

2. Kullanmilan Veri ve Yontem

Fayda-maliyet analizlerinden Once sistemin uygulanacagi
yapiya ve yapinin bulundugu bolgeye ait gerekli veriler temin
edilmistir. Bu kapsamda Izmir ve Antalya illerinin niifus, arazi
kullanimi, su birim fiyati, su arz ve talebi ve mevsim
normalleri  bakimindan mevcut durumu incelenerek
sistemlerin uygulanabilirligine olan etkisi degerlendirilmistir
[32]. Benzer sekilde secilen yapilarin ¢at1 planlari, kat planlart
ve sthhi tesisat projeleri incelenerek gerekli bilgiler ¢ikarilmig
ve hesaplar1 yapilmistir. Segilen alanlarda toplanabilir yagmur
suyu miktari, alternatif kullanim alanlarinda ihtiya¢ duyulan
su miktarlari, sistemlerin uygulanmasi halinde potansiyel su
tasarrufu ve ekonomik kazanim hesaplanmistir.

Segilen bina tipolojisi projelendirme agamasinda olan insaati
baglamamis alan (Otel A) icin su tiiketimi degerleri
bulunmamaktadir.  Bu  durumda; oteli  kullanacak
kisilerin/ziyaretgilerin sayisi, binanin kullanildig1 giin sayisi
gibi degerler icin belirli kabuller yapilarak ihtiya¢ duyulan su
miktarlar1 hesaplanmistir. Yagmur suyunda su tutma yiizeyi
sadece cat1 olarak belirlenmistir. Yagmur suyu sisteminde
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aritma amach vorteks filtre kullanilacagi kabulii yapilmustir.

Sistemlerin uygulanmasi i¢in gereken yatirnm maliyet
kalemlerinin  tiimii  ¢ikarilarak  kesif-metraj  cetveli
olusturulmus, gerekli tiim ekipman ve donanimlar igin yerel
piyasa fiyatlarina gore birim maliyetleri ¢ikarilmigtir. Antalya
ve Izmir iline yakin bulunan firmalardan teklifler alinarak
yapilan arastirmalar ile ortalama birim bedellere ulasilmistir.
Isletme maliyeti kapsaminda elektrik maliyeti ve bakim-
onarim maliyeti esas alinmigtir. Elektrik maliyeti, sistemde
caligan pompanin enerji sarfiyatina gore illerdeki dagitim
sitketlerinin kwh bagina birim fiyatlann kullanilarak
hesaplanmigtir. Bakim-onarim maliyeti igin bakim servisligi
ve sistem tedariki yapan firmalarin 6nerdigi ortalama fiyatlar
degerlendirilmistir [32].

Sistemlerin kazandirabilecegi faydalar ve gerektirdigi yatirim-
isletme bedelleri hesaplandiktan sonra gereken yatirimin,
kazanilan faydalar sayesinde ka¢ yilda geri Odenebilecegi
hesaplanmistir. Fayda kisminda sebeke suyu yerine yagmur
suyu kullanimi ile su faturasindan yapilacak tasarruf esas
alinmugstir. Buna gore yapilan fizibilite analizinde sistemlerin
ekonomik acidan uygulanabilirligi hesaplanan geri 6deme
stireleri tizerinden degerlendirilmistir.

Fayda-maliyet analizleri kapsaminda hesaplanan geri ddeme
stiresi, yatirimin degerlendirilmesinde 6nemli bir 6lgiit olarak
ele alinmaktadir. Uygulanacak olan YSH sisteminin geri
O0deme siiresinin hesaplanmasi ve karliliginin analiz edilmesi
i¢cin Net Bugiinkii Deger (NBD) ol¢iitii kullanilmistir.

NBD, YSH sistemi yatirnmmim ekonomik &mrii boyunca
sagladif1 getirinin bugilinkii degerinden, yatirnm giderlerinin
diislilmesi ile elde edilen farki ifade etmektedir. Bugiinkii
deger, sermaye maliyetini gosteren belli bir iskonto iizerinden
hesaplanmaktadir. Calismada iskonto orant %5 almmuistir.
Yillik net faydalar bulunarak sistemin geri 6deme siiresi
hesaplanmistir. Geri 6deme siiresi, YSH projesi i¢in yapilan
yatiimin  ka¢ yilda geri alinabildigini gdstermektedir.
NBD’nin pozitif oldugu yil, geri 6deme siiresi olarak
belirlenmistir [33].

Izmir ilinde projelendirilen otel binasma (Otel A) iliskin
bilgiler Tablo 2’de verilmistir. Otel binas1 365 giin hizmet
veren 30 oda sayisina sahip bir isletmedir. Kullanim amact
turistik tesis/konaklama olarak belirlenmistir. Otelde yatak
odalarinin bulundugu kat sayis1 3’tiir. Yapida (9 bodrum +1
zemin +2 normal kat) olmak {izere toplamda 12 kat
bulunmaktadir. Diger katlarda restoran, balo salonu, toplanti
odalart ve masaj, hamam, fitness salonlari bulunmaktadir.
Gecelik konaklamalar haricinde, otelde verilen faaliyetlere
katilan ziyaret¢i sayilarinin da hesaplamalarda dikkate
alinmasi ic¢in salonlarda agirlanabilecek ziyaretgi sayilari,
salon alanlarinda kisi basina diisen m? alan hesabiyla
bulunmustur. Buna gore, salonlarin kisi kapasiteleri Tablo
2’de verilmistir. Otelde c¢alisacak olan personel sayisi
Tiirkiye'de oda ve yatak basina diisen personel sayisi referans
degerlere gore almmistir. Buna gore 30 odasi bulunan 4
yildizli otelin oda basina diisen personel sayis1 0,76 olarak
almmis ve 23 kisi personel olacagi kabul edilmistir [34].

Otelin 2022 yilina ait ger¢eklesen konaklama sayilarina gore
doluluk orami Tablo 3 ile verilmistir. Turizm sezonunun
acilmastyla doluluk orani artan otel, yillik ortalama %75
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doluluk oranina sahiptir. Otelin aylara gore doluluk oranlar su
ihtiyaci hesaplarinda gz oniine alinmustir.

Tablo 2 Otel (A)- Izmir binasina ait bilgiler

Kullamlan Parametreler Degerler
il I[zmir
Bina tipolojisi (tek bina) Otel
Personel sayisi 23

Oda sayist 30
Ziyaretgi sayist 455

Cat1 alan1 (m?) 800

Cat1 malzemesi Teras gat1
Yesil alan (m?) 300

Arag sayis1 3

Bina kat say1st 12
Sosyal alanlar toplami (m?) 970
(Yemek salonu, balo salonu ve spor salonlar)

Kisi basina diisen alan (m?/kisi) 8,5

Kisi sayis1 455

Su tarifesi (TL/m?) 66,26

Tablo 3 Otel (A)- Izmir aylara gére doluluk oranlart

Tarih (ay) Doluluk oram (%)
Ocak 56
Subat 56
Mart 64
Nisan 59
Mayis 35
Haziran 100
Temmuz 100
Agustos 100
Eyliil 100
Ekim 100
Kasim 79
Aralik 51
Yillik ortalama 75

2.1. Toplanabilir yagmur suyu miktarinin hesabi

Toplanabilir yagmur suyu miktar1 hesabinda, 800 m? teras ¢at1
alanma sahip otel i¢in yiizey akis katsayist 0,85 olarak
belirlenmistir. Ayrica kullanilan filtreden kaynakli su kayiplar
icin 0,9 filtre etkinlik katsayis1 hesaba eklenmistir.
Toplanabilir yagmur suyu miktarinin hesabinda asagidaki
esitlikle (Denklem 1) hesaplanabilir [35].

Vy = A XY X e/1000 (1)

Burada: ¥y: Toplanan yagmur suyu miktari (m? ); 4: Yagmur
suyu toplama alani (m? ); ¥: Aylik veya yillik yagis miktari
(mm); e: Yagmur suyu toplama yiizeyinin verimlilik
katsayisidir.

Denklem 1°de goriilecegi lizere toplanabilir yagmur suyu
miktarinin  hesaplanabilmesi i¢in bolgeye diisen yagis
miktarinin analiz edilmesi gerekmektedir. YSH sistemlerinin
tasarlanmasinda yagisin alansal dagilimi ve bolgeye diisen
yagls miktar1 sistem tasariminda olduk¢a onemlidir [36].
Bolgenin aldig1 yagisin aylik ve yillik dagilimlari, sira digi
yagis istatistikleri, toplam kar ve yagis miktarlari sistem
se¢imine ve verimine etki eden unsurlardir. Ayrica bdlgeye ait
nemlilik, buharlagma, sicaklik ve riizgar gibi diger

91



meteorolojik verilerin de incelenmesi yagmur suyu tutma
yonteminin ¢esidi hakkinda verimlilik bilgisi kazandirabilir.
Ornegin; buharlasma oraninin yiiksek, yagis miktarmimn diisiik
veya aylik degiskenliginin fazla oldugu bir alanda, golet gibi
acik yiizeyli su toplama alanlar1 tasarlamak yerine depo/sarni¢
gibi kapali sistemleri kullanmak, ya da suyu esyiikselti/
yonlendirme hendekleriyle bitki diplerine yonlendirerek
toprakta tutmak daha etkin bir yontem olacaktir [25]. Hasat
edilebilir yagmur suyu miktarinin hesaplanabilmesi igin
caligma alaninin bulundugu en yakin meteoroloji istasyonuna
ait yagis verilerinden yararlanilarak hesaplama yapilir.

2.2. Yagmur suyu kullanim alanlarindaki su ihtiyac1 ve
depo hacmi

Otel binasina gelen misafir sayisi, otel doluluk oranlar1 géz
online alinarak yataklarin kisi kapasitesi kadar kabul
edilmistir. Sifon suyu kullanim sayilarina ve armatiir
kapasitelerine gore sifon suyu ihtiyaci (Tablo 4); bitki su
ihtiyacina gore yesil alan sulama suyu miktar: (Tablo 5)
hesaplanmistir. Ayrica sifon suyu ihtiyacindan arta kalan
yagmur suyunun degerlendirilebilecegi diger kullanim
alanlarindaki su ihtiyact da hesaplanmistir.

Tablo 4 Sifon suyu ihtiyact hesabi

Su ihtiyac1 Unsuru Deger Birim
Tuvalet rezervuar hacmi 6 L
Personel Bag1 Giinlik Sifon Kullanim Sayis1 5 kere
Personel bagina sifon suyu ihtiyact 30 L/kisi.glin
Misafir Bagi Giinliik Sifon Kullanim Sayist 5 kere
Misafir basina sifon suyu ihtiyaci 30 (L/gtin.kisi)
Ziyaret¢i Bast Giinlik Sifon Kullanim

1 kere
Sayis1
Ziyaretgi bagina sifon suyu ihtiyaci 6 (L/gtin.kisi)

Giinliik sifon suyu ihtiyac1 (%100 dolu iken) 5,22 (m?/giin)
Giinliik sifon suyu ihtiyact (%75 ortalama

-
dolu iken) 4,07 (m’/giin)

Tablo 5 Yesil alan sulama suyu ihtiyact hesabi

Su ihtiyaci Unsuru Deger Birim

Bitki su ihtiyact 10 L/m?.giin
Yesil alan biiyiikliigii 300 m?

Aylik ortalama sulama suyu ihtiyaci 60,9 m’/ay
Yillik toplam sulama suyu ihtiyact 730,7 m¥/yil

Yagmur suyu depo hacminin belirlenmesi igin depoya
gelebilecek maksimum giinliik yagis ve giinliik maksimum su
ihtiyact miktarlar1 karsilastirilmistir. Giinliik su ihtiyaci, yagis
miktarindan fazla oldugu icin gelebilecek tim yagisin
toplanmas1 planlanmigtir. Uzun yillar yagis rejimine
bakildiginda gerceklesen giinlik maksimum yagis miktart
degerleri istisnai durumlar1 temsil etmekte ve deponun bu
yaklasima gore hesap edilmesiyle sistemin yatirnm maliyeti
yiikselmektedir. Optimum fayda saglanabilmesi adina; aylik
gelen maksimum yagislarin uzun yillar ortalamasina bakilmig
ve maksimum yagis alan aym en az ¢ giinliniin
depolanabilmesini saglayacak kapasite “depo hacmi” olarak
belirlenmistir. zmir otel binas1 (A) i¢gin 10 m3 kapasiteli
prizmatik galvaniz modiiler tipte yagmur suyu deposu
secilmistir (Tablo 6).
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Tablo 6 Yagmur suyu depo kapasitesi hesab1

Parametre Deger  Birim
Toplanabilecek yagmur miktar: 434,5 m?/y1l
Giinliik su ihtiyact 2,98% m?/glin
En yagish ayda gelebilecek giinliik yagis 0,95**  m?3/giin
Depo hacmi (ii¢ giinliik yagis i¢in) 8,95 m?
Secilen depo hacmi 10 m?

*Sifon, sulama, arag yikama ve temizlik alanlarindaki toplam su kullaniminin en
yiiksek oldugu aydaki su ihtiyacinin 30’a (giin) bolinmesiyle bulunmustur.

** [zmir igin uzun yillar yagis ortalamasina gore, en fazla yagis Arahik ayinda
gerceklesmektedir (146,2 mm). En yagisli ayda gelebilecek giinliik yagis, Aralik
aymda toplanabilen yagmur suyu miktarinin 30’a (giin) béliinmesiyle
bulunmustur.

2.3. Yagmur suyu borulama hatt1 hesabi

Binanin ¢at1 plani incelenerek, yagmur suyu toplama i¢in inig
borularinin 8 adet olmasina karar verilmistir. Buna gore,
yagmur borularmin capt asagidaki esitlikler kullanilarak
hesaplanmistir.  Denklem Hata! Bagvuru kaynag:
bulunamadi.), yagmur borusunun gerekli alanini, denklem
Hata! Bagvuru kaynagi bulunamadi. yagmur borusu kesitini
ve denklem Hata! Bagvuru kaynag bulunamadi.) yagmur
borusu ¢apini vermektedir.

0,75 cm?

S=Px= 2 2)
Burada: P: Cat1 alani, (m?); S: Gerekli yagmur borusu alani,
(m?)’dir.

S
A=z (3)

Burada: A: Yagmur borusu kesiti; F: Kullanilan yagmur
borusu adedidir.

D=133xVA Q)
Burada: D: Boru ¢ap1 (m)’dir.

Yukaridaki esitlikler kullanilarak hesaplanan gerekli yagmur
suyu inisi ana boru ¢ap1 hesab1 Tablo 7°de verilmistir.

Tablo 7 Yagmur suyu boru ¢ap1 hesab1 hidrofor sistemi
ve pompa ozellikleri

Parametre Deger Birim
Cat1 alan1 800 m?
Kullanilan yagmur borusu adedi, 8 adet
Gerekli yagmur borusu alani, S 600 cm?
Yagmur borusu kesiti, A 75 cm?
Boru ¢ap1 100 2]
Pompa basing ¢aligma araligi 65,63 — 80,63 mSS
Pompa kapasitesi 2,09 m>/saat
Hidrofor tank kapasitesi 79 L

Sistemde yagmur suyunun depolama tankina gecerken
icerisindeki kati partikiillerin ve yapraklarin depoya girisinin
engellenmesi i¢in filtre kullanilmasi planlanmigtir. Tlave
olarak giris akis diizenleyici, ylizey emis filtresi ve taskan
savagl konulacaktir. Filtre ve diger yagmur suyu set
ekipmanlarinin bedelleri, aritma maliyeti olarak ilk yatirim
maliyetine eklenmistir.

Yagmur suyu sistemi iletim ve dagitim hattinin boru
ihtiyacinin belirlenebilmesi i¢in binanin sihhi tesisat projesi
incelenmistir. Binada, hasat edilen yagmur suyunun tuvalet
rezervuarlarina iletimi i¢in yeni bir kolonla boru hatti
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cekilecektir. Tlave edilecek boru tesisati, mevcut mekanik
tesisat kanallar1 ve saftlarindan tuvalet rezervuarlarinin
bulundugu 1slak hacimlere kadar yapilacaktir.

Toplamda 12 kattan olusan otel binasinin 1. bodrum kat1 hari¢
olmak iizere tim katlarinda tuvalet mevcuttur. Binada su
deposundan kullanim noktalarma kadar kullanilacak olan
uygun captaki borularin uzunluklari her klozet i¢in proje
izerinden ayri1 ayri Olgiilmiistiir. Toplam su ihtiyaci ve
katlardaki tuvalet sayilar1 géz 6niine alinarak ana boru, kolon
borusu, kat borusu ve baglanti borularmin ¢aplart
belirlenmistir. Ddsenecek  tesisat borusunda sistemin
kontroliiniin saglanabilmesi icin kesme vanasi, ¢ek vana,
basing salteri, manometre; baglantilarin yapilabilmesi igin
kollektdr; pompanin tikanmalara karsi korunmasi igin pislik
tutucu yerlestirilmesi planlanmistir.

Ozet olarak YSH sisteminin yatirim maliyeti bilesenleri;
borulama, aritma, depolama, pompa sistemi ve montajlama
olarak siralanmaktadir. Sistem tasariminda kullanilan tiim
yatirnm bedelleri ve sistemin isletimi i¢in gerekli bedeller,
Tablo 8’de detayli olarak verilmistir.

Tablo 8 Yagmur suyu sisteminin maliyet kalemleri ve
bedelleri

. . Metraj Birim Toplam
Maliyet Kalemleri (m) Bedeli Bedeli
BORU IHTIYACT
DNI15 50 117,00 1850
DN20 300 134,00 $10.200
DN25 300 150,00 515.000
DN32 100 167,00 16.700
PVC70 300 134,00 $10.200
PVC100 300 150,00 $15.000
PVCI125 100 167,00 16.700
Kesme vanast 8 183,00 1664
Kollektor 2 415,00 1830
ARITMA
Vortex Filtre 1 513.300  513.300
Giris akig diizenleyici 1 13.700 13.700
Tagkan Sifonu 1 £5.000 £5.000
Yiizey Emis Filtresi 1 1$4.200 1$4.200
DEPOLAMA
10 m? kapasiteli su £26.081  $26.081
deposu
POMPA SISTEMI
Pislik tutucu 1 1830 1830
iki Pompali Diisey Tip
Paket Hidrofor, 10 1 $30.240  £30.240
m*h - 90 mSS
Hidrofor tank1 1 16.840 16.840
MONTAJ
DN15 50 19,00 1450
DN20 300 517,00 $5.100
DN25 300 125,00 17.500
DN32 100 134,00 $3.400
PVC70 300 517,00 $5.100
PVC100 300 125,00 17.500
PVCI125 100 134,00 13.400
Kesme vanasi 8 142,00 1336
Kollektor 2 £208,00 1416
Hidrofor tank 1 18.300 18.300
TOPLAM YATIRIM MALIYETI $197.837
ISLETME MALIYETI (yilik) 13.000

Izmir otel binasi (Otel A) igin calistlan fayda-maliyet
analizinde izlenen metodoloji ve hesaplarin tiimii Antalya otel
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binast (Otel B) i¢in de uygulanmistir. Her iki otel i¢in YSH
sistemlerinin uygulanabilirligi kiyaslanmistir. Antalya’da 600
yatak kapasitesine sahip otel binas1 (Otel B) i¢in ¢aligilan gati
isti YSH sistemi tasarimi ve fizibilite analizi c¢alisma
sonuglar1 Tablo 9 ile verilmistir. Otel binas1 i¢in tasarlanan
YSH sistemiyle yagmur suyunun sifon suyu olarak
kullanilmasi1 ongoriillmiistiir.

Tablo 9 Otel Antalya (B) binasina ait bilgiler

Kullanilan Parametreler Degerler Birim

il Antalya

Yagis miktari 794,6 mm

Bina tipolojisi Otel

Personel kisi sayisi 320 kisi

Misafir sayist 1200 kisi

Cat1 alani (birden fazla bina) 4280 m?

Cat1 malzemesi Teras ¢at1

Su tarifesi 30,765 TL/m3

Toplanan yagmur suyu miktar1 2477 md3/yil

Seg¢ilen depo kapasitesi 50 m?3

Sifon suyu ihtiyaci 12264 m/yil
3. Sonuglar

3.1. Fayda-Maliyet Analizleri

Tablo 6’da verildigi tizere Otel A’da toplanabilir yagmur suyu
miktar1 434,5 m*y1l olarak hesaplanmistir. Su birim fiyatinin
konut dis1 aboneler icin 66,26 TL/m? oldugu Izmir ilinde yillik
435,5 m?® su tasarrufu ile 28.787,24 TL ekonomik tasarruf
saglanabilecegi belirlenmistir.

Yatirim-isletme maliyetleri ile ekonomik tasarruf géz 6niine
alinarak yatirimin geri 6deme siiresini hesaplamada kullanilan
NBD o6lgiiti, Denklem 5°de verilen esitlikle ifade
edilmektedir.

" NFn
NBD = Y, + anl " (5)
Burada; NBD:Net bugiinkii deger; Yo: ik yatirim maliyeti;
NF: Net fayda; i: Iskonto oran1 ve n:yil’dir. NF (Net Fayda)
hesaplanmasi  i¢in  Denklem 6’da  verilen esitlik
kullanilmaktadir.

NF ={(GK; x F;) + (GK; x Apsyp)} — IB (6)

Burada; GKs: Yillik geri kazanilan su miktari (m3); Fs: Birim
su fiyat1 (TL/m?); Aksus:Birim kullanilmis su uzaklastirma
bedeli (TL/m?); IB: Yillik isletme ve bakim gideri (TL)’dir.

Yukarida sunulan NBD formiilii ile Otel A igin hesaplanan
fayda-maliyet analizi cetveli Tablo 10 ile verilmektedir. Buna
gore; 30 yatak kapasiteli, 365 giin acik olan, 800 m? gati
alanina sahip otel binasinda uygulanacak olan YSH sisteminin
yatirmmi 9 yil sonra geri 6denmektedir.

Tablo 10 Izmir otel (Otel A) YSH sistemi fayda-maliyet
analizi cetveli

Fayda ve Maliyetler ik yul NBD llelileyslzllplanan
Yatirim Maliyeti $197.837,02 $188.416,20
Isletme Maliyeti 13.000,00 16.763,99
Yillik Fayda 128.787,24 1204.614,57
Yillik Net Fayda $25.787,24 112,92
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Otel A igin c¢aligilan fayda-maliyet analizinde izlenen
metodoloji ve hesaplarin tiimii Antalya Otel (Otel B) i¢in de
uygulanmistir. Yagmur suyu sistemlerinin uygulanabilirligi
kiyaslanmigtir.

Antalya’da 600 yatak kapasitesine sahip otel binasi icin
calisilan ¢at1 iistii YSH sistemi tasarimi ve fizibilite analizi
¢alisma sonuglari Tablo 11°de verilmistir. Otel binasi i¢in
tasarlanan YSH sistemiyle yagmur suyunun sifon suyu olarak
kullanilmasi 6ngoriilmiistiir. 4280 m? ¢at1 alan1 bulunan otel
binasinda 2.477 m?/y1l su hasat edilmesiyle sifon suyu
kullaniminda %20 su tasarrufu saglanabilmektedir. Antalya
ilinde otel/is yeri abone tarifesi Temmuz 2022 tarihinde
30,765 TL/m?® olarak belirlenmistir. Buna gore yillik 76.213
TL su faturasindan ekonomik tasarruf soz konusudur. Ilk
yatirrm maliyeti 803.559 TL olan sistemin fayda-maliyet
analizi sonucunda geri ddeme siiresi 16 yil olarak bulunmustur
(Tablo 11).

Tablo 11 Antalya Otel (Otel B) YSH sistemi maliyetleri

Fayda ve Maliyetler Deger Birim
Sifon suyundan tasarruf potansiyeli 20 (%)
Ekonomik tasarruf (yillik fayda) 76.213,18 TL/yil
Yatirim maliyeti 803.558,71 TL
Isletme maliyeti 2.150,00 TL/y1l
Yillik net fayda 74.063,18 TL/yil
Geri 6deme siiresi 16 yil

Caligilan son senaryo ise (Otel C) Izmir’de planlanan otelin
(Otel A) faaliyette oldugu kabulu ile mevcut tipolojide fayda-
maliyet analizinin tekrarlanmasi ile planlanan ve mevcut ayni
sartlardaki iki otelin YSH yatirim maliyetlerinin ve geri 6deme
stirelerinin karsilagtirilmasinin yapilmasidir. Bu secenegin
sonuglari Tablo 12°de yer almaktadir. Kargilagtirma tablosuna
gore Otel A YSH sistemi bina projelendirilirken
tasarlandiginda geri 6deme siiresi 9 yil olurken, kullanim
halindeki otele uygulandiginda bu siire iki katina ¢tkmaktadir.
Mevcut binalarda YSH sistemi tasarlanirken kirim-yapim
islemi devreye gireceginden yatirim maliyetinde bir artig s6z
konusudur. Sekil 1°de her 2 senaryoda yatirim maliyetlerini
olusturan is kalemleri arasindaki dagilimindan anlasilacagi
iizere, planlanan bir binaya YSH sitemi tasarlamak mevcut
binalara YSH sistemi yapilmasindan ¢ok daha tercih
edilebilmektedir.

Tablo 12 izmir planlanan otelin (Otel A) mevcut ve
faaliyette olmasi durumunda (Otel C) maliyet ve geri
o0deme siiresi karsilastiriimasi

Proje Asamasinda Faaliyet Asamasinda
Uygulandiginda Uygulandiginda
OTEL A OTEL C
Alanlar Vatirm "Gerl Yatrm "Gerl
. ddeme R 6deme
maliyeti siiresi maliyeti siiresi
TL TL
, (m) (i) (L) (i)
Izmir
Otel 197.837,02 9 325.037,02 18

3.2. Sebeke Suyu Tasarruf Analizi

YSH sistemlerinin devereye girmesi ile otellerdeki yillik
toplam su tiiketimleri tahmin edilmis ve mevcut toplam su
tiiketimlerinden tasarruf oranlari hesaplanmistir. Yapilardaki
toplam su tiiketiminin kullanilmasinda, TSE 1258 Temiz Su
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Tesisatt Hesap Kurallar1 kapsaminda konutlardaki ve konut
dis1 yapilardaki su ihtiyaglari i¢in belirlenen referans degerler
esas alinmigstir [37]. Bu kapsamda su tiiketimi hesaplarinda
kullanilan degerler otel ve benzeri isletmeler i¢in Tablo 13’de
verilmigtir. Bu degerler dikkate alinarak her iki otel icin
hesaplanan toplanan yagmur miktar1 ile sebekeden temin
edilen su kullanimlar1 ve YSH sisteminin devreye girmesi ile
saglanacak sebeke suyundan tasarruf orani Tablo 14°de
gosterilmektedir. Tek bir binadan olusan ¢ok katli Otel A’da
YSH sisteminin kurulmasi ve isletilmesi ile yilda %12’1ik bir
su tasarrufu soz konusu iken biiyiik bir tatil kdyii niteliginde
olan Otel B’de toplam su tiiketimi hayli yiiksektir, dolayisiyla
oransal olarak tasarruf potansiyeli %3 olsa da YSH ile elde
edilen su miktar1 azzimsanmayacak seviyededir.

MONTAJ
20.98%

POMPA
SISTEMI
19.16%

ARITMA
13.24%

izmir projelendirilmis otel YSH

KIRIM-YAPIM

MONTAJ
12.77%

Izmir mevcut otel YSH

Sekil 1. Izmir planlanan otelin (Otel A) mevcut ve faaliyette
olmast durumunda (Otel C) yatirim maliyetlerini olugturan is
kalemlerinin dagilimi

Tablo 13 Su tiikketimi hesaplarinda otel ve bezeri
isletmeler i¢in kullanilan degerler (TSE, 1983)

Yap: Tipi Su ihtiyae: (L/kisi.giin)
Oteller (kiivetli) 150

Oteller- personel igin 45

Is yerleri/ofisler 45
Lokantalar 7
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Tablo 14 Oteller icin hesaplanan toplanan yagmur
miktar1 ile sebekeden temin edilen su kullanimlar1 ve
Y SH sisteminin devreye girmesi ile saglanacak sebeke
suyundan tasarruf orani

Parametr Birim Otel A Otel B
a etre (izmir) (Antalya)

Toplanabilen Yagmur 3

Suyu Miktart m’/y1l 434,5 2.477,30

Sifon Suyu m*/yil 732,52 12.264,39

Bahge Sulama m’/y1l 730,7 -

Arag Yikama m’/y1l 4,32 -

Temizlik m’/y1l 230,4 -

Su Kullanimi Referans L

Degeri L/kisi.glin 150 150

Kisi Sayisi Otel konugu 60 1200

Kisi Sayisi* Personel 23 320

Binadaki Toplam Su . | 3.662,78  70.956,00

Tiiketimi

Su Tasarrufu Oram % 12 3

*Otel yapilarinda yatak sayilarina ek olarak personellerin su tiiketimi de (45
L/personel.giin) toplam su tiiketimine ilave edilmistir.

4. Tartisma

YSH sisteminin cesitli bina tipolojilerinde uygulanmasi ile
binanin cografi konumu, toplanabilen yagmur suyu miktar1 ve
kullanim alanlar1 ile sebekeden su tasarrufu yadsinamaz.
Ortaya konan yatirim maliyetlerinin ¢alisilan otel 6rneklerinde
oldugu gibi degisken olmakla birlikte genelde 10-15 yil civart
stireler literatiirde fizibl kabul edilmektedir. Ancak daha da
onemlisi kurulacak YSH sistemleri ile sebekeden saglanacak
su tasarrufudur.

Diinyadan ¢esitli uygulamalara bakildiginda, Kuzeydogu
Meksika'da YSH stratejisinin  uygulandifi bir iiniversite
kampiisiinde amortisman siiresi 6 y1l olarak bulunmustur [38].
Hindistan’da YSH sisteminin tasarimi {izerine yapilan bir
caligma, segilen 19 ¢atidan su toplanan bir Giiney Hindistan
Universitesi kampiisiinde gergeklestirilmistir. Geri ddeme
stiresi 13 yil olarak hesaplanan ¢alismada sonug uygulanabilir
olarak degerlendirilmistir [39]. Aybuga ve Isildar (2017) [40]
ise Ankara’da hem YSH hem de GSK sistemlerinin birlikte
degerlendirildigi durumda geri 6deme siiresini hane diizeyinde
yaklasik 5 yil olarak hesaplamistir. Giiney Afrika'nin Kwa-
Zulu Natal Eyaleti Durban sehrindeki tek ailelik bir evde her
iki sistem iizerinde uygulamali bir vaka ¢alismasi yapilmis ve
ilgili geri 6deme siiresi 4,39 yil olarak bulunmustur [41].
Sonuglar tatlt suya erigim, suyun fiyati, suyun kalitesi, iklim
degisikligi ve sehrin yagis rejimine bagli olarak oldukga
degiskenlik gostermistir. Bununla birlikte, ¢aligmanin genel
sonucu, bu tiir yeni teknolojilerin ve bunlarin finansal
gostergelerinin, binanin konumu ne olursa olsun uzun vadede
fayda saglayacagi yoniindeki yaklasimm gercekligini ortaya
koymustur [42].

Al-Saidi (2021) [43] ve Al-Khatib ve dig. (2022) [44] yeniden
kullanim uygulamalarinin sosyal kabuliine iligkin bilgileri de
Ozetlemistir. Su kaynagi, teknoloji ve son kullanim unsurlart
g6z Oniinde bulundurularak, genel yeniden kullanim
denemeleri ve suyun yeniden kullanimma yonelik sosyal
izolasyonlar hakkinda metodik bir bakis a¢is1 sunmaktadir. Bu
nedenle, yeniden kullanim uygulamalarindan ilham almak
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sadece teknolojik ve finansal bir o6zellik degildir; aym
zamanda iilke c¢apinda yiriitilecek  yayginlastirma
faaliyetlerini gerektiren sosyo-ekonomik bir anlayisi da
yonetir. Geri 6deme siirelerine ek olarak, tuvalet sifonu,
sulama, zemin temizligi ve araba yikama gibi igme suyu
kalitesi gerektirmeyen alanlarda, YSH ve hatta YSH yani sira
GSK uygulamalar ile saglanabilen su tasarrufunun &nemli
diizeyde oldugu goriilmiistiir.

5. Degerlendirme ve Oneriler

Tiirkiye'nin dnemli turizm kentlerinden olan izmir ve Antalya
illerinde bulunan 2 farkli yapidaki otel icin YSH sistemlerinin
fayda-maliyet analizleri bu ¢alismanin ana konusu olmustur.
Tasarim hesaplamalari sirasinda her iki kompleks icin temel
tasarim kriterleri dikkate alinmig ve sonuglar geri 6deme
siireleri ve su tasarrufu seklinde sunulmustur. Tasarim
kriterlerine ve binalarin tesisat planlarina dayanarak gercekei
varsayimlara dayali olarak yapilan hesaplamalar, amortisman
stireleriyle birlikte yatirim ve isletme maliyetlerinin ayrintili
olarak hazirlanmasimi saglamistir. Gergek vakalar {izerinde
ylriitiilen bu g¢alisma, diinyanin farkli bolgelerinde suyun
yeniden kullanimu ile ilgili benzer ¢abalarla ilgilenen diger
bilim insanlar1 ve uygulayicilar tarafindan takip edilebilecek
kapsamli drnekler ortaya koymustur.

Iincelenen oOrneklerden ¢ikarilan dersler, giigli ve zayif
yonlerine gore degerlendirilebilir. Turizm sektoriiniin agirlikta
oldugu ve yilin aylari boyunca biiyiik niifus dalgalanmalari
yasayan il ve ilgelerde su kitlig1 sorununa uygun bir ¢éziim
gibi goriinmektedir. YSH sisteminin kurulum ve isletim
acisindan nispeten daha kolay bir su kazanma sistemi oldugu
anlagilmaktadir. Mutlaka yiiksek teknik uzmanlik, pahali
ekipman ve techizat gerektirmemektedir. Ancak hasat edilen
su miktari, etkin ¢at1 yiizey alaninin genisligine ve bdlgenin
aldig1 yagis miktarma baglidir. Bu anlamda, metodolojinin
uygulanmasi kolaydir; ancak su akig hizi mekénsal ve
zamansal olarak degisen bir sistem oldugundan YSH
sistemlerinin verimi degisken olabilmektedir. Yine nicelikten
ziyade nitelik acisindan daha gilivenli bir sistem olarak
degerlendirilmektedir.

Iklim degisikligine uyum faaliyetleri kapsaminda uygun
goriilen alternatif su kaynaklarindan biri olarak kabul goren
YSH sistemlerinin ger¢ek uygulama tasarimlarinin ve fayda-
maliyet analizlerinin ¢aligilmasi, su tasarrufu ve ekonomik
kazanim potansiyellerinin degerlendirilmesi, sistemlerin
uygulanabilirliginin karsilagtirilmasi ve Oneriler sunulmasi
giiniimiizde bilim diinyas: agisindan 6nemli oldugu kadar,
uygulayicilar agisindan da degerli bilgiler tiretmektedir. Cesitli
bina tipolojilerinde YSH sistemlerinin yam: swra GSK
sistemlerinin de uygulanmast ile su tasarruf oranlarinin daha
da artacagi beklenmektedir. Bu baglamda bundan sonraki
calismalarda YSH ile birlikte GSK alternatiflerinin de birlikte
degerlendirilmesi 6nerilmektedir.
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beyan etmemistir.
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Abstract: Internal Wi-Fi modules are extensively utilized in Smart LED TV sets, as they are a key component in ensuring reliable
wireless connectivity. Interference caused by various electronic components, such as the power supply unit (PSU), system on chip
(SoC), LED backlighting circuits, HDMI and USB ports, as well as internal speakers located inside the TV cabinet, needs to be
minimized. This minimization is crucial to maintain a robust and uninterrupted Wi-Fi connection between the TV set and the Access
Point. This study provides a detailed and comparative analysis of how to properly position Wi-Fi modules for optimal performance and
maximum efficiency. The focus is on determining the most suitable location within the TV cabinet to reduce signal interference.
Through experiments conducted on nine Android OS-based LED TVs, the areas with minimal signal disruption were identified.
Furthermore, the study illustrates how strategic placement of the Wi-Fi module can significantly optimize overall connectivity.

Keywords: Wi-Fi Module, Mainboard, PSU, TCON Board, Performance, Comparison, Television, LVDS Cable, Speaker.

Akilh TV'de Wi-Fi Moduliiniin En Uygun Konumunu Belirlemek i¢in Bir Test Yontemi

Oz Akillh LED TV’lerde yaygim olarak kullanilan dahili Wi-Fi modiilii, giivenilir kablosuz baglantiy1 saglamak i¢in en énemli
bilesendir. TV kabininde bulunan gii¢ kaynagi iinitesi (PSU), yongada sistem (SoC), LED arka aydinlatma devreleri, HDMI ve USB
portlart ile dahili hoparlorler gibi gesitli elektronik bilesenlerin neden oldugu parazitlerin en aza indirilmesi, TV ile erisim noktasi
arasinda saglam ve kesintisiz bir Wi-Fi baglantis1 saglamak i¢in kritik 6neme sahiptir. Bu ¢alisma, Wi-Fi modiillerini dogru sekilde
konumlandirarak optimum performans ve maksimum verimliligi saglama konusundaki ayrintili ve karsilagtirmali bir analizi
sunmaktadir. Odak noktasi, TV kabini i¢inde sinyal parazitini azaltacak en uygun yeri belirlemektir. Dokuz Android isletim sistem
tabanli LED TV {izerinde gergeklestirilen deneyler sonucunda, sinyalin en az kesintiye ugradigt alanlar belirlenmistir. Ayrica, bu
¢alisma Wi-Fi modiiliiniin stratejik yerlesimiyle genel baglantinin nasil optimize edilebilecegini gostermektedir.

Anahtar kelimeler: Wi-Fi Modulii, Anakart, PSU, TCON Karti, Performans, Karsilagtirma, Televizyon, LVDS Kablosu, Hoparlor.

1. Introduction

With the widespread adoption of Smart TVs and streaming
platforms, alongside the increasing video and audio bitrates
required for UHD content [1], it has become essential for TVs
to maintain a healthy, uninterrupted, and fast wireless network
connection. Several factors contribute to ensuring a reliable

*Corresponding author
E-mail address: baris.ozden@arcelik.com (B. Ozden)

wireless network connection in TV sets.

One critical aspect is positioning the Wi-Fi module in an
optimal location to ensure better signal reception. This plays a
vital role in maintaining a stable and strong connection
between the TV and the Wi-Fi router [2, 3]. In addition, the
placement of the Wi-Fi module should minimize signal
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interference from other internal components, such as the
mainboard and other electronic parts within the TV.

Reducing interference helps maintain a cleaner and more
reliable Wi-Fi signal [2, 4].

Another key factor is avoiding physical obstructions, such as
metal components or densely packed electronics, around the
Wi-Fi module. This minimizes signal blockage, allowing for
stronger and more consistent Wi-Fi performance [5, 6, 7].
Furthermore, placing the Wi-Fi module at a sufficient distance
from potential interference sources helps prevent signal
degradation caused by electromagnetic interference (EMI)
from other electronic components [4, 8].

Improved signal strength is also crucial for achieving higher
data rates, reduced latency, and overall better performance
during streaming and other online activities [9]. The strategic
routing of cables connected to the Wi-Fi module can further
contribute to signal quality, as proper cable management
reduces the risk of signal degradation. Additionally, locating
the module away from heat-generating areas helps maintain
the module’s operational efficiency, thus sustaining optimal
Wi-Fi performance [10].

If the Wi-Fi module features external antennas, their strategic
placement can enhance signal reception by reducing
interference [11] and maximizing coverage [12]. Ultimately,
each of these considerations contributes to improved Wi-Fi
performance, ensuring that the TV provides a seamless
streaming experience for users.

This study focuses on optimizing Wi-Fi performance in Smart
TVs at the hardware level. While studies such as those by
Alam et al. [1] and Mozaffariahrar et al. [2] examine network-
level challenges, they do not address the impact of electronic
components inside the TV cabinet on the Wi-Fi module.
Haider et al. [4] discuss wireless network interference more
broadly, while Aileen et al. [5] explore how building materials
affect Wi-Fi signal strength. Alper and Doner [12] provide
general guidance on the placement of the Wi-Fi module on
chassis materials but do not focus on the Smart TV
environment. This study presents a detailed test method
specifically examining signal degradation caused by internal
components such as the mainboard, PSU, and TCON board, to
optimize the placement of the Wi-Fi module.

The aim of this study is to determine the optimal location of
the Wi-Fi module inside the cabinet during the design phase to
prevent Wi-Fi performance issues and connection dropouts in
Smart LED TVs. Through experiments conducted on multiple
Android OS-based LED TVs, practical solutions for Wi-Fi
module placement are offered, and an innovative approach is
developed to enhance Wi-Fi performance in Smart TVs. The
unique contribution of this study lies in its ability to address
the challenges posed by internal components, providing an
optimized hardware-level solution for Wi-Fi module
placement.

The paper is arranged as follows: In the second section, details
on the test method, such as the test environment, test positions
for the Wi-Fi module, and test procedure, are provided. In the
third section, the experimental results of the study are
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presented. The paper concludes with the final section.
2. Test Method

This section provides details of the proposed test method. The
test environment, test equipment, possible locations for the
Wi-Fi module inside the TV cabinet, and the test procedure are
explained. The interior of a typical LED TV cabinet is shown
in Figure 1 below.

Mainboard

i

=

Wi-Fi Medule

Figure 1. LED TV Back View

Figure 2 below shows the placement of the Wi-Fi module
inside the TV cabinet and the position of the Wi-Fi
measurement antenna.

Figure 2. A View of Wi-Fi Module and Wi-Fi
Measurement Antenna

Figure 3 below shows the overall test environment and
measurement system.

Figure 3. An Overview of the Test Environment and the
Measurement System

The test environment consists of an anechoic Wi-Fi test
chamber, a control PC, a WLAN test device and an antenna as
shown in Figure 4 below. The output operating frequency and
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power range of the WLAN Test Device shown in Figure 1 are
provided in Table 1 below.

Anechoic Chamber

DUT Control PC

-~ ETHERNET ETHERNET

'WLAN Test Device

455 ETHERNET

Figure 4. lllustration of the Test Environment

Table 1. Output Frequency and Power Range of the
WLAN Test Device

Parameter Ports Range

860 to 1000MHz

Output Frequency RF1 1770 to 2660 MHz
Range 3300 to 3800 MHz
4900 to 6000 MHz
Output Power RE2 +10 to -95 dBm (<2600 MHz)

Range (CW
ge (CW) 0to -95 dBm (>2600 MHz)

The test method involves measuring the minimum Wi-Fi Rx
signal sensitivity level [13]. First, test points are identified in
the two-dimensional plane inside the back cover of the TV.
These positions are clustered around the three boards inside
the TV (Mainboard, Power Supply, TCON). The determined
positions are numbered as shown in Figure 5. The minimum
Wi-Fi Rx signal sensitivity level measurement is repeated and
noted for each designated position of the Wi-Fi module.

[l

Figure 5. Test Positions of Wi-Fi Module

The test procedure measures the Wi-Fi receiver sensitivity of
the DUT (Device Under Test) using the WLAN tester. It
determines the packet error rate (PER) by counting the number
of acknowledgment (ACK) control frames received from the
DUT in response to repeated unicast data packets transmitted
by the WLAN tester. No other traffic generation should be
enabled during this test. The PER is generally defined as the
ratio of packets lost divided by the number of packets
transmitted to the DUT [14]. The test procedure is as follows:
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1. Connect the Wi-Fi antenna to the RF port of the WLAN
test device.

2. Fix the Wi-Fi antenna in close proximity to the antennas
of the TV's Wi-Fi module.

3. Establish an Ethernet connection between the WLAN test
device and the PC.

4. Set the path loss on the WLAN test device.

5. A waveform (11n, MCS0, 20M) is used as the Wi-Fi test
signal in Rx sensitivity [15] measurement. In [EEE 802.11
standards, MCS stands for "Modulation and Coding
Scheme." MCSO specifically refers to the lowest or the
basic Modulation and Coding Scheme within a particular
Wi-Fi standard. The term is commonly associated with Wi-
Fi technologies like 802.11n and 802.1lac [16]. For
802.11n, MCSO corresponds to BPSK (Binary Phase Shift
Keying) modulation with a coding rate of 1/2.

Adjust the power level of the Wi-Fi test signal to -80 dBm
in the generator section of the WLAN test device.

7. Disable Bluetooth on the Device Under Test (DUT).

8. Decrease the power level of the received Wi-Fi test signal
on the DUT until the Packet Error Rate (PER) reaches
10%.

9. Record the last power level, where the PER is less than
10%, as the minimum Receiver (Rx) RF Sensitivity Level
in dBm [17].

Rx Sensitivity (dBm) = 10 X log,, (L) 1)

1mw
where P is the received signal power, in milliwatts (mW).

10. Compare the measured min. Rx Sensitivity Level value
with the specified specification value.

3. Experimental Results and Discussion

In this section experimental test results of the study are given.
The spec value used in the test is determined with a 4 dB safety
margin based on the specification value published by IEEE for
MCS0 20MHz (See Table 2), and it is set to -86 dBm.

Table 2. IEEE Specs for Receiver minimum input level
sensitivity (IEEE Std 802.11ac-2013)

MCS Modulation Code Minimum Sensitivity [dBm]

Rate
MCS0 BPSK 12 -82 -70 -76 -73
MCS1 QPSK 12 -79 -76 =73 -70
MCS2 QPSK 3/4 =77 -74 =71 -68
MCS3 16-QAM 1/2 -74 =71 -68 -65
MCS4 16-QAM 3/4 -70 -67 -64 -61
MCS5 64-QAM 2/3 -66 -63 -60 -57
MCS6 64-OAM 3/4 -65 -62 -59 -56
MCS7 64-QAM 5/6 -64 -61 -58 -55
MCS8 256-QAM 3/4 -59 -56 -53 -50
MCS9 256-QAM 5/6 -57 -54 -51 -48

In this study, a total of nine different Android OS-based LED
TVs were used for the measurements. Each of these TVs is
treated as a separate sample to ensure that the results reflect a
range of device configurations and possible variations in
hardware. As indicated in Table 2, the term "Sample" refers to
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each individual TV unit, and the corresponding sensitivity
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levels are listed for each of the 20 test points.

Table 3. The Measurement Results of Average Rx Sensitivity Levels for Each Test Point

Test Test Result [dBml

Point Sample Sample Sample Sample Sample Sample Sample Sample Sample

1 -92 -88.5 -92 -86.5 -87 -88.5 -88.5 -87.25 -83

2 -90.25 -90.25 -89.5 -90.25 -90.5 -88.65 -89.25 -90.25 -88.25

3 -84.85 -92 -88.5 -86.25 -90 -87.75 -88.25 -92 -87.75

4 -83.25 -86.5 -87.5 -90.75 -86.25 -83.25 -83 -89 -90.5
-80.25 -83 -83.5 -86.75 -71.5 -84.25 -79.5 91 -82
-80.75 -78.5 -83.5 -81 -85 -83.25 -81.5 -81.5 -71.5
-87.25 -87.75 -90 -87 -84.75 -90 -85.75 -88.25 -90.5
-86.75 -88.5 -88.5 -85.5 -83.5 -85.5 -89.25 -86 -87.5
-78.5 -84.75 -78.75 -84.25 -83 -76.5 -86 -90 -83.5
-81.25 -85.25 -83.25 -80 -79 -80.75 -83.75 91 -90.75

11 -92.25 -87.5 -85.25 -89.75 -88.75 -88.5 -86.75 -87.25 -86

12 -91 -87.5 -86 -89.5 -90.5 -92.25 -87 -93.5 -91.25

13 -89.5 -89 -88.55 -86.5 -87.5 -90.75 -86.25 -89.5 -86.75

14 -91 -89.75 -91.5 -87 -86.5 -92 -90.5 -92 -90

15 -93 -90.75 -90.5 -91.25 -86.75 -93.5 -81 -90.75 -89.25

16 -86.75 -87 -87.5 -82 -82.75 -88.75 -85.5 -88 -86.5

! -76.5 -81 -85.5 -81.5 -82 -84.5 -85 -88.25 -75.5

18 -79.5 -87.5 -87.25 -85.75 -88.75 -88.25 -89 -85 -83

19 -88.25 -89.5 -84.75 -87.5 -88.5 -81.25 -84 -87.5 -82

20 -86 -90.5 -88.25 -88.5 -89.75 -89 -84.5 -86 -85.5

Measurement results of -86 dBm or lower are indicated in blue,
while results higher than -86 dBm are shown in yellow. The
triple color scale used in the "Test Point" column of the table
is explained below:

Green:

Orange: 3 to 5 yellow test results

Red:

6 to 8 yellow test results

At most 2 yellow test results

Figure 6 below is a graphical representation of the Wi-Fi Rx
sensitivity test results.
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Figure 6. Wi-Fi Rx Sensitivity Test Results

The areas inside the TV cabinet where the Wi-Fi module
performs well, areas with moderate issues, and areas with
severe performance degradation are visually presented in
Figure 7.

.SPEAKER

Figure 7. Test Results Summary

.SPEAKER

Integrated circuits (ICs) creating electromagnetic interference
on the motherboard are located near the bottom right part of
the motherboard. Therefore, the worst Wi-Fi Rx Sensitivity
Level values around the motherboard are measured at test
points 5, 6, and 17. Poor Wi-Fi Rx Sensitivity Level values are
observed at test points 9 and 10, which are close to the TCON
card. The results of measurements around the power supply
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unit (PSU) indicate that the PSU does not significantly
negatively impact the Wi-Fi Rx Sensitivity Level performance.

While positions 1, 2, 3, and 7 were determined as generally
optimal for the tested devices, the methodology is designed to
be adaptable. This adaptability allows for determining the most
suitable placement for the Wi-Fi module in specific devices,
based on their unique hardware configurations and
interference characteristics.

4. Conclusion

This study was conducted with 9 different UHD LED TVs in
screen sizes of 43", 50", 55", and 65". The impact of
electromagnetic interference generated by the electronic
boards inside the cabinet on the TV’s Wi-Fi Rx Sensitivity
level has been analyzed. The proposed test methodology
guides electronic hardware design and mechanical design
teams in determining the optimal placement of the Wi-Fi
module within the cabinet during the design stage. This
method helps prevent potential customer complaints related to
TV Wi-Fi connection performance. As a result, it was
determined that the areas farthest from the motherboard and
TCON card are safe in terms of Wi-Fi Rx performance. The
optimum positions for a Wi-Fi module are areas 1, 2, 3 and 7.
Other areas (11, 12, 13, 14, 15, 20) are not suitable due to
increase in the cable length between the module and the
mainboard and cable routing complexity. In addition to
determining the generally optimal locations for the Wi-Fi
module, this study provides a flexible framework. The
proposed methodology allows for identifying device-specific
optimal placements, accommodating variations in hardware
design and electromagnetic interference patterns. This
adaptability ensures the method's utility across different Smart
TV models and configurations.
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Arastirma Makalesi

Meric¢-Ergene Havzasinda 1970-2020 Donemi Bolgesel Yagisin
Yiizde Agirhikh Poligon Yontemiyle Belirlenmesi

Taner Mustafa CENGiZ!*

! ingaat Miihendisligi Béliimii, Corlu Miihendislik Fakiiltesi, Tekirdag, Tiirkiye, 59850

'tcengiz@nku.edu.tr

0z Son yillarda, yagisin mekansal dagilimini daha dogru bir sekilde yansitmayi amaglayan yeni yontemler gelistirilmektedir. Bu
yontemler, bolgesel yagis hesaplamalarinda daha yiiksek bir dogruluk saglamayi hedeflerken, hidrolojik siireglerin daha iyi
anlasilmasina katkida bulunmaktadir. Yiizde Agulikli Poligon yontemi, belirli bir havza iizerinde bolgesel ortalama yagis
hesaplamasinda Thiessen yontemine alternatif olarak gelistirilen yenilik¢i bir yontemdir. Bu yontemin temel ilkesi, ¢aligma alanini g
komsu istasyon noktasinda olgiilen yagis ylizdelerini baz alarak alt alanlara ayirmaktir. Yiizde Agirlikli Poligon yontemi, alt alanlarin
yalnizca dlgiilen yagis miktarina bagimli olmadigi Thiessen poligon yontemine kiyasla daha giivenilir, esnek ve dinamik bir yaklagim
sunmaktadir. Bu calismada, Yiizde Agirlikli Poligon yontemi ilk kez Tiirkiye’nin Trakya Bolgesi’'nde yer alan Meri¢-Ergene
Havzasi’na uygulanmistir. Calisma kapsaminda, 7 meteoroloji istasyonuna ait veriler dikkate alinmistir. Yiizde Agirlikli Poligon
yontemi, yiiksek yagis degerlerini, Thiessen ve diger geleneksel yontemlerden farkli olarak daha kiigiik alt alanlarla temsil etme
ozelligine sahiptir. Elde edilen sonuglar, Yiizde Agirlikli Poligon yonteminin diger geleneksel yontemlere kiyasla daha diisiik bir
bolgesel ortalama yagis degeri sundugunu gostermektedir. Bu durum, yontemin yagis dagilimini daha ayrimtili ve gergekei bir sekilde
yansittigini ortaya koymaktadir.

Anahtar kelimeler: Bélgesel ortalama yagus yiiksekligi, Meri¢-Ergene Havzasi, Thiessen poligon yéontemi, Yiizde agirlikli poligon.
yontemi

Determination of Regional Precipitation in the Meri¢-Ergene Basin for the Period 1970-2020 Using the Weighted
Polygon Method

Abstract: In recent years, new methods have been developed to more accurately represent the spatial distribution of rainfall. These
methods aim to achieve greater accuracy in regional rainfall calculations while contributing to a better understanding of hydrological
processes. The Percentage Weighting Polygon method is a new alternative to the Thiessen method for calculating average rainfall over
a specific area. This method divides the area into smaller parts based on rainfall percentages recorded at three nearby stations. Unlike
the Thiessen method, where subareas depend only on measured rainfall, the Percentage Weighting Polygon method is more reliable,
flexible, and dynamic.In this study, the method was used for the first time in the Meri¢-Ergene Basin in the Thrace Region of Turkey,
using data from seven meteorological stations. The Percentage Weighting Polygon method is unique because it assigns smaller subareas
to higher rainfall values compared to Thiessen and other common methods. The analysis showed that this method gives a lower average
rainfall value than traditional approaches, making it better at reflecting rainfall distribution accurately and realistically.

Keywords: Regional average precipitation depth, Meri¢-Ergene Basin, Thiessen polygon method, Weighted polygon method.
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1. Giris

Hidrolojide, yagisin bolgesel ortalama degerinin dogru bir
sekilde hesaplanmasi, su kaynaklarmin planlanmasi ve
yonetimi agisindan biiyiikk bir énem tagimaktadir. Bolgesel
yagis miktarlari, baraj tasarimi, taskin kontrolii, sulama
projeleri ve hidrolojik modelleme gibi pek cok alanda temel
veri setini olusturur. Ancak bir havzanin tamaminda yagis
Ol¢iimiiniin  dogrudan yapilmasi miimkiin olmadigindan,
yagisin bolgesel ortalamasini belirlemek i¢in farkli yontemlere
bagvurulmas1  gerekmektedir.  Yagis, hidroklimatolojik
parametreler arasinda zaman ve mekan acisindan en fazla
degiskenlik gosterenlerden biridir. Meteoroloji
istasyonlarindaki yagis 6l¢timleri noktasal olarak yapilirken,
topografya, sicaklik farkliliklari, riizgar ve buharlasma gibi
faktorler nedeniyle aritmetik ortalama yontemi her zaman
dogru sonuglar vermez. Ozellikle istasyon sayismin yetersiz
oldugu ya da veri eksikliginin yasandig1 durumlarda, alansal
yagis hesaplama yontemlerine ihtiyag duyulur. Bu gibi
durumlarda, noktasal verilere dayanarak alansal tahminler
yapmak i¢in genellikle mekansal interpolasyon yontemleri
kullanilmaktadir.

Yagis verileri, birgcok miihendislik uygulamasinda temel bir
degisken olarak kullanilmaktadir. Bolgesel ortalama alan
yagisi; su biitcesi hesaplamalari, tarim, kentsel bolgelerin
planlanmasi, taskin  modellemesi, su  kaynaklarinin
projelendirilmesi, iklim ¢alismalari ve yiizey akisinin tahmini
gibi alanlarda kritik bir 6neme sahiptir. Hidrometeorolojinin
en 6nemli sorunlarindan biri, bir bélgede diizensiz bir sekilde
yerlestirilmis meteoroloji istasyonlarinda 6lgiilen noktasal
yagis degerlerinden bolgesel ortalama alan yagisini tahmin
etmektir. ~ Bu  tahminin  giivenilirligi;  meteoroloji
istasyonlarinin yogunlugu, konumu, dagilimi, temsil yetenegi
ve kullanilan yontemlere baghdir. Ozellikle yamac yagis
etkilerinin &nemli oldugu daglik bolgelerde, meteoroloji
istasyonlar1 genellikle birbirinden olduke¢a uzaktadir [2, 3].

Farkli bilim insanlarinin [4, 5] vurguladig gibi, yagis verileri
diinyanin herhangi bir bolgesinde belirgin bir mekansal
degiskenlik gosterebilir. Mekansal degiskenligin, biiylik
olgiide yerel veya bolgesel faktorlerden (6rnegin, topografya)
ve riizgar yoniinden etkilenen yagis {ireten siireclerin tiirii ile
6lgegindeki farkliliklardan kaynaklandigi belirtilmistir [6].
Ancak pratikte, yagis degiskenligi ya belirli bir konuma ya da
en azindan belirli bir alana bagl olarak degerlendirilir. Ayrica,
diinyanin pek ¢ok yerinde, her bir yagis dlger ¢evresindeki
alan1 temsil ettigi varsayilir. Mantiksal olarak, her yagis
Olgerin Dbelirli bir etki alanm1 vardir; ancak bu alanin
tanimlanmasi i¢in fiziksel ya da verilere dayali nesnel bir kriter
bulunmamaktadir. Ozellikle kisa siireli, siddetli saganak
yagislarin ve kuvvetli riizgarlarin goriildigii firtinalarda,
yagisin mekansal degiskenligi ile ilgili varsayimlar olduk¢a
siurhidir. Genellikle, yagisin yeryiiziine iiniform bir sekilde
diistiigi kabul edilerek basitlestirme yapilmaktadir. Ancak
cesitli yagis gozlemleri, noktasal yagisin g¢evresindeki
alanlarin yagis1 i¢in her zaman giivenilir bir deger olmadigini
gostermistir [7, 8, 9,10].

Karmagik ve ¢ok degisken topografyaya sahip bolgelerde,
hidroklimatolojik parametreler ve bunlara bagh diger
degiskenler, kisa mesafelerde biiyiik farkliliklar gosterebilir.
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Bu nedenle, bu parametrelerin dogru sekilde 6l¢iilmesi i¢in sik
araliklarla yerlestirilmis Olglim  istasyonlarina ihtiyag
duyulmaktadir. Ancak, ekonomik ve diger bazi kisitlamalar
nedeniyle bu durum ¢ogu zaman miimkiin olamamaktadir.
Boyle durumlarda, alternatif olarak kullanilan yontemlerden
biri, noktasal gozlem verilerini alansal dagilima yaklastiran
¢esitli modellemelerdir [11, 12].

Belirli bir dizi noktasal yagis degerinden bolgesel ortalama
yagist tahmin etmek i¢in g¢esitli matematiksel ve istatistiksel
yontemler kullanilmaktadir [13, 14, 15]. Ancak bu
yontemlerin giivenilir sonuglar verebilmesi igin bolgede
yeterince sik yerlestirilmis rasat istasyonlarinin bulunmasi ve
kullanilan yontemlerin bolgeye 6zgii sekilde kalibre edilerek
uygulanmasi gerekmektedir.

Bir bagka calismada, ¢esitli bolgesel ortalama yontemleri
karsilastirilmis ve mekansal korelasyon yapisina sahip
istatistiksel bir yontemin, Thiessen poligonlari, polinom
interpolasyonu ve ters mesafe agirlikli yontemlere kiyasla
daha {istiin oldugu ifade edilmistir [16]. Jeoistatistik, bir
bolgedeki gozlemlenmeyen degiskenlerin degerlerini, gézlemi
yapilan degiskenler ve bunlarin konumlari {izerinden tahmin
etmeye yarayan bir yontemdir. Hevesi ve arkadaslari [17],
daglik arazilerde alan yagis1 tahmini igin ¢ok degiskenli
jeoistatistiksel tekniklerin kullanilmasini 6nermistir. Ancak bu
tekniklerin  giivenilir ~ tahminler  sunmasi,  O6zellikle
istasyonlarin alandaki dagilimimin seyrek oldugu ya da yagis
ozelliklerinin konumlara goére biiyiik Olciide degisiklik
gosterdigi  durumlarda zorluk olusturmaktadir. Bu tiir
durumlar, genellikle diizensiz ve rastgele yagislarin sik
goriildiigi kurak bolgelerde yaygindir.

Bagka bir ¢aligmada ise uydu goriintiileri ve basit olasilik
modelleri kullanilarak, yagis miktarinin arttikca etkilenen
alanin kii¢iildiiglinii ortaya koymustur [18].

Tiirkiye'de yagislarla ilgili birgok aragtirma
gerceklestirilmistir. Toros ve arkadaslari [19], 68 farkli
istasyondan elde edilen yagis verilerini istatistiksel olarak
analiz etmistir. Citakoglu ve arkadaslart [20], mevsimsel
yagislar1 inceleyerek sonbahar ve yaz aylarinda yagislarin
daha yiiksek oldugunu, ancak tiim mevsimlerde yagis
dagilimmin saga carptk bir yapi sergiledigini belirtmistir.
Akdeniz ve Giineydogu Anadolu bdlgelerinde yagis
degiskenligi %25’ten fazla iken, en diisiik degiskenlik Dogu
Karadeniz Bolgesi’nde gozlemlenmistir [21]. Tiirkiye nin
karmagik ve diizensiz topografik yapisi, birbirine yakin
noktalarda yagis Ol¢iimiinii hem zorlastirmakta hem de
maliyeti artirmaktadir. Bu nedenle, O6lgiim yapilmayan
bolgelerdeki yagis durumunun daha hassas bir sekilde
belirlenmesi gereklidir.

Son yillarda, ortalama alan yagisin1 tahmin etmek i¢in basit,
nesnel ve esnek bir yontem olan Yiizdelik Agirlikli (YA)
Poligon yontemi Sen [2] tarafindan Onerilmistir. YA yontemi,
alt alanlarin kaydedilen yagis miktarlarindan bagimsiz olarak
sabit kaldig1 Thiessen poligon yontemine gore daha esnek ve
giivenilir bir alternatif sunmaktadir [3]. Acar ve Sengiil [22],
Tiirkiye'nin Kuzeydogu Anadolu Bolgesi'ndeki 14 meteoroloji
istasyonunun verilerini kullanarak YA yontemini ilk kez kar
yagisi tahmini i¢in uygulamis ve bu yontemi, havza lizerindeki
ortalama bolgesel kar yagist tahmininde Thiessen yontemi ile
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diger geleneksel yontemlere bir alternatif olarak gelistirmistir.
Bayraktar ve Turalioglu [23], Erzurum sehrinde hava kirletici
konsantrasyon yiizdelerinin dagilimini belirlemek amaciyla
Yiizde Agirlikli Poligon yontemini uygulamis ve bu yontemle
sehrin konsantrasyon dagilimlarini basarili bir sekilde analiz
etmistir.

Hwang ve arkadaslart [24], yagis verilerinin bolgesel
degerlerini Thiessen poligon yontemi, Yiizde Agirlikli Poligon
yontemi ve Kriging interpolasyon yontemi kullanarak
hesaplamig ve az sayida istasyona sahip havzalarda yagis
hareketinin yoniine bagli olarak farklilik gosterdigini bu
yontemler araciligiyla agiklamustir.

Bu caligmanin temel amaci, Yiizde Agirlikli Poligon
yonteminin giivenilirlik ve esneklik diizeyini, aritmetik
ortalama, Thiessen poligonlari ve izohiyet haritalar1 gibi
geleneksel  yontemlere kiyasla kargilastirmali  olarak
degerlendirmektir. Calismada Merig-Ergene havzasinda
secilen yedi yagis istasyonuna ait 1970-2020 aylik toplam
yagisin ortalamalart ve yillik yagis toplamlarin ortalama
verileri kullanilarak bolgesel ortalama yagis uygulamasi
yapilmistir.

2. Materyal ve Yontem
2.1. Yiizde Agirhikh Poligon Yontemi

Bolgede, Merig-Ergene havzasinda, bulunan yedi istasyonun
1970-2020 yagis verileri DSI tarafindan temin edilmistir (Ek;
Tablo1). Ayrica bu istasyonlara komsu olan Kiyikoy, Tekirdag,
Gelibolu ve Yesilkdy istasyonlar1 yagis veri degerleri de
kullanilmigtir (Sekil 1).

0 0 10 20 30 40 50

g Q ¢ g
‘‘‘‘‘ i b (o/Kol-L G TR
Vet

Sekil 1. Calisma alaninin haritasi.

Hidrolojide, bir bdlgedeki farkli noktalar iizerinde odlgiilen
yagis miktarlarinin, bolgenin tamamini temsil eden bir
ortalama degerle ifade edilmesine "bolgesel ortalama yagis
yiiksekligi" denir. Bu deger, 6zellikle bir havzanin yagis
rejimini analiz etmek, su biit¢esi hesaplamalart yapmak ve akis
tahminlerinde kullanilmak i¢in biiylik 6neme sahiptir. Bir
bolgede yagis genellikle homojen dagilmadig igin, bdlgesel
ortalama yagisi hesaplarken kullanilan yontemler, yagis 6l¢iim
istasyonlarinin sayisina, yerlesimine ve bolgenin topografik
ozelliklerine bagli olarak degisir. Bolgesel ortalama yagis
yiiksekligini hesaplamak igin dort ana yontem bulunmaktadir:
(1) aritmetik ortalama, (2) Thiessen poligonlari, (3) izohiyet
haritalama yontemleri ve (4) enterpolasyon teknikleri [25].
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Enterpolasyon teknikleri, dzellikle yagis dl¢iim verileri eksik
oldugunda veya istasyonlar arasi mesafenin fazla oldugu
durumlarda bilgisayar destekli tekniklerle kullanilir.

Aritmetik ortalama yontemi, bir bolgedeki yagisin ortalama
degerini basitge hesaplamak icin kullanilan temel bir
yontemdir. Bu  ydntemde, bolgedeki tim  yagis
istasyonlarindan elde edilen yagis verileri toplanir ve istasyon
sayisina boliinerek ortalama bulunur. Aritmetik ortalama
yontemi, hesaplama kolaylig1 ve tiim istasyonlara esit agirlik
vermesi nedeniyle pratik bir yaklasimdir. Ancak, istasyonlar
arasindaki mesafe ve konumsal farkliliklari dikkate almadigi
icin homojen dagilmamus istasyon aglarinda hata pay1 artabilir.
Bu nedenle, homojen dagilima sahip bolgelerde yeterli bir
yontem olsa da, daha kesin sonuglar i¢in diger yontemlerle
karsilagtirmali analiz yapilmasi onerilir.

Bu hesaplamalar i¢inde en yaygin kullanilan yontemlerden biri
Thiessen [26] poligon yontemidir. Thiessen yontemi, tim
havza alanmi daha kiiglik poligonal alt alanlara bdlerken,
bireysel istasyonlarda kaydedilen alan yagisi miktarlarini
dikkate almaz. Bu nedenle, mevcut yagis Olger agi
yapilandirmasina dayali olarak poligonlar belirlendiginde,
meteoroloji istasyonlarmin konumlari degismedigi veya ek
istasyonlar kurulmadig: siirece bu poligonlar ayn1 kalir. Ancak,
alt alanlarin yagisin mekansal degisimine gore degismesi
gerektigi diisliniilmektedir. Baska bir deyisle, bu bolme islemi
yalnizca yagis Olger ag yapisina degil, aym zamanda
istasyonlarda kaydedilen yagis miktarlarina da dayanmalidir.

Yiizdelik Agirliklt Poligon (YA) ydnteminin uygulanmasi,
bitisik yagis istasyonlari1 Dbirlestirerek bir dizi tiggen
olusturmay1 igerir. En yakin istasyonlar her zaman
birlestirilmeli ve tiggen miimkiin oldugunca es agili bir sekil
olarak korunmalidir. Uggenler belirlendikten sonra, YAP
yonteminin olusturulabilmesi i¢in ¢aligma alaninin poligonlara
boliinmesi i¢in asagidaki prosediir uygulanir: Eger yagis
degerlerinin bulundugu tiggenin li¢ tepe noktast A, B ve C ise,
bu noktalarin yiizdeleri su sekilde hesaplanir:

__1o0*4

A7 (4+B+C) (1)
100+B

B~ (a+B+0) (2)
100+C

Ca+B+0) (3)

burada sirasiyla, her iggen i¢in sabit toplamlarin ti¢ degiskenli
yiizde verileri bulunabilir. Ug degiskenin iki boyutlu bir
grafigi, bir iicgen grafigi {izerinde bir nokta olarak
gosterilebilir. Bu tiir grafikler, yer bilimlerinde yaygin olarak
kullanilan araglardandir [27].

Yontemi daha agik bir sekilde gostermek igin, bilgisayar
ortaminda uygulanabilir adim adim bir algoritma asagida
verilmistir (Sekil 2):

1. Her bir yagis istasyonu ile diger istasyon ¢ifti arasinda
cizgiler cizilir. Bdylece, caligma alanim1 kapsayan bir
ucgenler seti olusturulur.

2. Her tiggen i¢in, Esitlikler (1) — (3)’e gore koselerdeki
yagis yiizdesi hesaplanir. Her kose i¢in, kose degeri
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%100, kars1 kenar degeri ise %0 olarak kabul edilir.

3. Bir koseden kars1 kenarin orta noktasina uzanan agiortay1
belirlenir ve bu agiortay1 100 esit parcaya boliiniir.

4., Adim 2’de hesaplanan yagis yiizdesinden biri
kullanilarak, karsi kenardan koseye dogru, uygun
agiortay iizerinde bir isaret konulur.

5.  Adim 4’te isaretlenen noktadan, kars1 kdseye ait kenara
paralel bir ¢izgi ¢izilir.

6. Adim 4 ve 5’1 diger yagis yiizdesi i¢in tekrar edilir ve bu
sefer baska bir kars1 kenara paralel bir ¢izgi bulunur.

7. Bu iki ¢izginin kesisim noktasi, ilgili iggen i¢in anahtar
noktay1 tanimlar.

8. Bu anahtar noktanin dogrulugunu kontrol etmek igin,
kalan ticiincii yagis ylizdesi degeri i¢in adim 4 ve 5’1
tekrar edilir. Eger paralel ¢izgi, daha 6nce belirlenen
anahtar noktadan gegiyorsa islem tamamlanmistir. Aksi
takdirde, yagis yiizdesi hesaplamalarinda ya da
aclortaylar iizerindeki isaretleme noktalarinda bir hata
vardir.

9. Adim 2’ye donerek, adim 1°de olusturulan iiggenler igin
islemi tekrarlanir. Bu sekilde her {iggenin bir anahtar
noktast olacaktir. Bu noktanin iiggen icindeki yeri, li¢
kosedeki yagis miktarlarinin yiizdesine baghdir. Bir
kosedeki yagis yiizdesi ne kadar yiiksekse, nokta o
koseye o kadar yakin olacaktir.

10. Komsu iiggenlerdeki anahtar noktalar birlestirilerek, her
biri bir yagis istasyonunu kapsayan poligonlar
olusturulur.

11. Havza cevresindeki poligon sinirlari, anahtar noktalardan
tiggen kenarlarina dik ¢izgiler ¢izilerek tanimlanir.
Boylece, tiim havza alani alt alanlara ayrilmis olur [3].

Son olarak, her bir istasyondaki yagis miktar1 (Ri) icin,
karsilik gelen bir alt alan (Ai) belirlenir. Bu, YA yontemi ile
Alansal ortalama yagis hesaplamasinda kullanilir.

) _ Ry*A1+Ry*A3+R3*Az+- ...+ Rp*Ay

(R
A1+A2 +A3

(4)

Burada R, Bolgesel ortalama yagis miktarini, n ise istasyon
sayisini ifade eder.

Aci ortaylar

Sekil 2. Ucgen alanin alt boliimlere ayrilmast.
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3. Bulgular ve Tartisma

Bu ¢alismada, 7 farkli meteoroloji istasyonundan alinan aylik
ortalama ve yillik ortalama verilerle bolgesel ortalama yagis
yiiksekligini belirlemek amaciyla, Meri¢ -Ergene i¢in Yiizde
Agirlikli Poligon yontemi ve diger geleneksel yontemler
(esyagis harita teknigi, aritmetik ortalama, Thiessen poligonu,)
uygulanmigtir. Bu istasyonlarin 1970-2020 yilina ait toplam
aylik ve yillik toplam ortalama yagis degerleri kullanilmis ve
Ekte bulunan Tablo 1'de sunulmustur. Ayrica yardimci
istasyonlar olarak Kryikdy, Tekirdag, Gelibolu ve Yesilkoy
istasyonlarinin yagis rasatlari da calismada kullanilmustir.
Farkli yontemlerin karsilagtirilmasi igin tiim sonuglar topluca
Tablo 5’de sunulmustur.

1/800 000 olgekli haritalar kullanilarak alt alanlar ¢izilmis ve
poligon alanlar1 planimetri yontemiyle Ol¢iilmiistiir. Her
yontem icin bolgesel ortalama yagis yiikseklik degerleri
hesaplanmustir (Sekil 3). Izohiyet (esyagis) yonteminde, bir
yagis sirasinda yagis miktarinin farkli bolgelerdeki dagilimini
gostermek icin es yagis egrileri ¢izilir. Bu egriler, yagisin
merkezinden uzaklastikga miktarin azaldigini gosterir. Azalma
orani, yagisin siiresiyle ters orantilidir. Bagka bir deyisle, kisa
stireli bir yagis, mekansal olarak daha biiylik farkliliklar
gosterirken, uzun siireli bir yagista bu farkliliklar daha az
belirgin olur.

Thiessen Yonteminde, yakin konumdaki istasyonlar birer
dogru pargasi ile birlestirilir. Bu dogrularin orta noktalarindan
dik ¢izgiler (orta dikmeler) ¢izilerek her bir istasyon igin bir
cokgen olusturulur. Bu ¢okgenlere "Thiessen Cokgeni" adi
verilir. Thiessen yontemi uygulama haritast ve Thiessen
poligonlarinin alan degerleri, meteoroloji istasyonlar1
degismedigi siirece ana noktalarm ayni kalmasi nedeniyle
yalnizca Sekil 4’te verilmistir. Bu ¢aligmanin ana odagi olan
yagisin Yiizde Agirlikli Poligon yonteminde, alt tiggenleri
olusturan ii¢ komsu istasyon igin yagis ve yiizde agirlik
degerleri hesaplanmistir. Uygulama sirasinda, alt alanlarin
belirlenmesi icin Denklem (1) — (3) g6z Oniinde
bulundurularak hesaplanan yilizde agirlikli yagis degerleri
kullanilmigtir. Yagisin Yiizde Agirlikli Poligon yonteminde alt
alan degerleri Sekil 5’de gosterilmistir. Yagisin ylizde agirlikli
poligon ile ilgili hesaplama degerleri Tablo 3 ve Tablo 4’te
gosterilmistir.

PINARHISAR

L ®
BABAESKi U

650 mm

HAYRABOLU
Olgek: 1: 800 000

Sekil 3. Esyagis yontemine gore yagislar.
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Ekte bulunan Tablo 5’te goriildiigii gibi nisan ayinda yagis
degerleri, bdlgesel anlamda oOnemli bir farklilik
gostermemektedir. Bu durum, g¢alisma alaninin benzer bir
topografyaya sahip olmasi, meteoroloji istasyonlarmin
birbirine oldukga yakin konumlanmasi ve yagislarin ayni hava
sistemi lizerinden geg¢is yapmasindan kaynaklanmaktadir.
Nisan aymnda, Havsa istasyonuna ait poligon yagis hacmi
Thiessen yontemiyle 44.878,27 x 10° m® olarak hesaplanirken,
Yiizde Agirlikli Poligon yontemiyle bu deger 32.624,27 x 10?
m? olarak belirlenmistir. Bu durum, meteoroloji istasyonunun
daha kii¢iik bir alt alanla temsil edilmesinin, yagis ¢esitliligi
dikkate alindiginda havzanin bolgesel ortalama yagis
degerinin daha diisiik hesaplanmasina neden oldugunu
gostermektedir.

Nisan ay1 i¢in Havsa istasyonu baz almarak yapilan aylik
bolgesel ortalama yagis hesaplamalart su sekildedir: Aritmetik
ortalama yontemiyle 45,80 mm, izohiyet harita yontemiyle
48,95 mm, Thiessen poligon yontemiyle 46,98 mm ve Yiizde
Agirlikli Poligon yontemiyle 45,49 mm. Yiizde Agirhikl
Poligon yontemine kiyasla, aritmetik ortalama yontemi %
0,68, izohiyet harita yontemi %0,76, Thiessen poligon
yontemi ise %0,33 oraninda daha yiiksek yagis degerleri
sunmaktadir. Bu sonuglar, Yiizde Agirlikli Poligon yontemiyle
elde edilen degerden daha biiyiik olarak dikkat cekmektedir.
Yiizde Agirlikli Poligon yontemiyle hesaplanan bolgesel
ortalama yagis degerlerinin yillik ortalamasi, diger
yontemlerle kiyaslandiginda daha diisik bulunmustur. Bu
yontemle elde edilen degerler, aritmetik ortalama ydntemine
gore %0,96, izohiyet harita yontemine gére %4,30 ve Thiessen
poligon yontemine gore %3,56 oraninda daha diisiik bir sonug
vermistir. Genel olarak, yillik ortalama yagis degerlerinde
%2,94 oraninda bir azalma kaydedildigi goriilmektedir. Ancak
bdlgenin homojen ve kiiciik bir cografyada olmasi sebebiyle
farklar oldukca az yagis degerleri olarak karsimiza

¢tkmaktadirlar.
Kuzey
BABAESKi
GERKEZKOY
®
®
JAYRABOLU RATLI
\ Olgek: 1 : 800000

Sekil 4. Thiessen Yontemine gore poligonlar.
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Kuzey

[ ]
BABAESKJ

AYRABOLU

Olgek : 1: 800 000

Sekil 5. Yagisin yiizde agwrlikli poligon yonteme gére
¢izilen poligonlar.

4. Sonuclar

Bolgesel ortalama yagisin tahmini igin basit, objektif ve esnek
bir Yiizde Agulikli Poligon yoéntemi gelistirilmistir. Bu
yontem, Thiessen poligon teknigi ile liggenleme ydnteminin
avantajlarini birlestirerek daha etkin ve giivenilir bir ¢6ziim
sunar. Alt alanlar, yalmizca yagis istasyonlarmin cografi
konumlarina gére degil, ayn1 zamanda ii¢ komsu istasyondaki
yagis miktarlarinin goreceli oranlarina dayali olarak dinamik
sekilde belirlenir. Bu dogrultuda, poligonlar, toplam havza
alanin1 ve yagis istasyonu verilerini esas alarak tigcgen
koordinat sistemiyle bolimlendirilmistir.

Gelistirilen Yiizde Agulikli Poligon yontemi, o&zellikle
topografik farkliliklarin belirgin oldugu bélgelerde veya yagis
miktarlarinin  mekansal olarak degiskenlik  gosterdigi
durumlarda, geleneksel yontemlere kiyasla daha {istiin
performans gostermektedir. Geleneksel yontemler arasinda
Thiessen poligon yontemi, aritmetik ortalama yontemi ve
izohiyet harita teknigi yer almaktadir. Bununla birlikte,
Bayraktar [1] tarafindan da vurgulandigi iizere, Yiizde
Agirlikli Poligon yontemi, bu ydntemlere kiyasla hem
dogruluk hem de uygulama esnekligi agisindan Onemli
avantajlar sunmaktadir.

Sonug olarak, bu yontem, yagis tahmini caligmalari ve
hidrolojik modelleme uygulamalari i¢in bdlgesel 6lgekte etkili
bir arag olarak éne ¢ikmaktadir. Ozellikle havza yonetimi, su
kaynaklarinin  planlanmast ve iklim degiskenliklerinin
analizinde sundugu dogruluk ve esneklik sayesinde, karar
destek sistemlerine Onemli katkilar saglamaktadir. Bu
caligmada, Meri¢-Ergene Havzasi'nda bolgesel ortalama yagis
tahmini i¢in Yiizde Agulikli Poligon yontemi, aritmetik
ortalama, Thiessen poligon ve izohiyet harita teknikleri
birlikte degerlendirilmistir. Detayli hesaplamalar
verilmemekle birlikte, karsilagtirma amaciyla sonuglar Tablo
S'de sunulmustur. Bu uygulama, YA yonteminin, yagis
miktarlarinin bolgesel degiskenligini daha iyi yansittigini ve
bu sayede daha diisiik ve giivenilir bolgesel ortalama yagis
degerleri sagladigini gostermektedir.

Cikar Catismas1 Beyam

Yazarlar, bu makalenin arastirilmasi, yazarligi ve/veya
yaymlanmasi ile ilgili olarak herhangi bir ¢ikar catigmasi
beyan etmemistir.
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EKLER

Tablo 1. Yagis istasyonlarin aylik ve yilik toplam rasat degerleri (mm)

Ocak Subat Mart Nisan Mayis Haziran Temmuz  Agustos Eylul Ekim Kasim Aralik Yilhk
Havsa 62,44 51,66 55,43 51,46 49,43 39,76 23,80 17,90 39,76 50,24 65,80 86,24 593,92
Pinarhisar 72,71 56,34 50,14 48,41 46,37 47,70 26,54 15,36 32,54 53,39 61,02 86,34 596,87
Babaeski 88,88 72,00 55,43 45,36 35,09 29,09 16,78 14,85 31,02 45,46 68,34 97,83 600,12
Luleburgaz 74,24 56,34 52,17 43,32 46,37 47,70 24,51 16,37 27,46 55,53 78,82 73,12 595,95
Cerkezkdy 81,66 57,79 46,82 42,21 28,11 19,17 14,29 16,96 42,21 42,31 61,39 92,63 545,55
Hayrabolu 78,53 65,99 60,09 47,01 37,05 18,99 14,01 17,05 22,49 42,12 59,54 82,58 545,46
Muratli 58,71 48,48 53,27 42,86 42,95 38,90 20,09 15,48 28,39 48,30 88,11 108,85 594,40
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Tablo 2. Thiessen yéntemine gére poligon alanlari (km2) aylik ve yillik yagis hacimleri (*10% m3 ) miktarlari ile bélgesel ortalama yagis sonuglari (mm).

Poligon

Alani km? Ocak Subat Mart Nisan Mayis Haziran  Temmuz  Agustos Eylal Ekim Kasim Aralik Yillik
Havsa 872,10 54453,92 45052,69 48340,50 44878,27 43107,90 34674,7 20755,98 15610,59 34674,70 43814,3 57384,18 75209,9 517957,6
Pinarhisar 800,30 58189,81 45088,90 40127,04 38742,52 37109,91 38174,31 21239,96 12292,61 26041,76 42728,02 48834,31 69097,9 477675,1
Babaeski 656,60 58358,61 47275,20 36395,34 29783,38 23040,09 19100,49 11017,75 9750,51 20367,73 29849,04 44872,04 64235,18 394038,8
Luleburgaz 661,00 49072,64 37240,74 34484,37 28634,52 30650,57 31529,7 16201,11 10820,57 18151,06 36705,33 52100,02 48332,32 393923,0
Cerkezkoy 567,40 46333,88 32790,05 26565,67 23949,95 15949,61 10877,06 8108,146 9623,10 23949,95 24006,69 34832,69 52558,26 309545,1
Hayrabolu 937,60 73629,73 61872,22 56340,38 44076,58 34738,08 17805,02 13135,78 15986,08 21086,62 39491,71 155824,7 77427,01 511423,3
Murath 648,00 38044,08 31415,04 34518,96 27773,28 27831,60 25207,20 13018,32 10031,04 18396,72 31298,4 57095,28 70534,8 385171,2
Toplam 5143,00 378082,70 300734,80 276772,3 237838,5 212427,80 177368,50 103477 84114,50 162668,50 247893,5 350943,2 457395,4 2989734

Ortalama (mm) - 73,51 58,47 53,82 46,25 41,30 34,49 20,12 16,36 31,63 48,20 68,24 88,94 581,32
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Tablo 3. Ylizdesel Alan Metoduna gore segilmis istasyon yagis Poligon alanlari (km2)

Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylul Ekim Kasim Aralik Toplam
Havsa 63,00 52,00 56,00 52,00 50,50 40,50 23,80 17,90 39,76 50,24 65,80 86,24 597,74
Pinarhisar 72,71 58,34 50,14 48,41 46,37 47,70 26,54 15,36 34,54 53,39 63,02 86,34 602,86
Babaeski 98,88 72,00 55,43 45,36 37,09 29,09 16,78 15,85 33,02 45,46 68,34 97,83 615,13
Luleburgaz 74,24 56,34 52,52 43,32 46,37 48,70 26,51 16,80 29,46 55,53 78,82 77,12 605,73
Cerkezkdy 81,66 57,79 46,82 45,21 33,11 25,17 15,29 19,96 42,21 42,31 61,39 92,63 563,55
Hayrabolu 78,53 66,90 62,09 47,01 37,80 19,90 16,01 18,05 26,80 43,25 59,54 82,58 558,46
Muratli 59,71 50,48 54,27 44,86 42,95 40,48 20,09 15,48 28,39 48,30 88,11 108,85 601,97
Toplam 528,73 413,85 377,27 326,17 294,19 251,54 145,02 119,40 234,18 338,48 485,02 631,59 4145,44
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Tablo 4. Yiizdesel Alan Metoduna gore Yagis Hacimleri (*10® m?3)

Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylul Ekim Kasim Aralik Yilhk

Havsa 38707,2  33375,16 38282,72 32624,28 30215,16 25222,19 13896,11 10830,57 21901,8 33890,4 44805,19 55368,67 399654,9
Pinarhisar  31671,75 23547,77 20401,97 18719,66 19698,44 17746,79 11151,84 8157,85 13828,09 23652,3 29526,76 34317,56 273167,9
Babaeski 61294,72  45977,04 40060,37 34695,41 31298,03 25225,39 14321,39 13558,09 23889,64 37927,73 5148257 63751,9 454870,2
Luleburgaz 36941,82 28240,99 27469,01 22465,32 21457,25 18915,57 13045,84 8324,232 14784,21 25963,61 35532,84 44434,23 297680

Cerkezkdy = 32771,79 29290,28 20494,05 17764,82 16061 12364,51 6928,205 8429,308 16264,78 19815,04 27698,55 37905,12 245696,5
Hayrabolu  55832,47 46674,79 46439,59 39759,65 34015,46 24882,16 15464,54 14574,47 27156,71 39827,63 60905,25 73564,74 502440,9
Muratli 41428,59 32001,8 31984,57 26192,41 24589,3 20532,67 12428,28 9074,066 15378,86 29596,31 39737,61 52193,58 338608,1
Toplam 298648,4 239107,8 225132,3 192221,5 177334,6 144889,3 87236,2  72948,59 133204,1 210673 289688,8 361535,8 2512119
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Tablo 5. Calisilan 4 Yonteme gore bolgesel yagis yiiksekligi ortalamasi (mm)

Ocak Subat Mart Nisan Mayis Haziran ~ Temmuz  Agustos Eylul Ekim Kasim Aralik Yilhk
YA 73,28 57,94 53,39 45,49 40,33 31,40 19,39 16,53 31,55 46,46 66,01 87,10 576,20
Thiessen Metodu 75,86 59,93 54,8 46,98 41,68 35,03 20,38 16,74 32,82 49,27 70,93 92,34 596,76
Aritmetik ortalama 73,88 58,37 53,34 45,8 40,77 34,47 20 16,28 31,98 48,19 69 89,66 581,74
izohiyet Metodu 75,44 58,96 56,04 48,95 45,32 32,69 21,68 17,95 35,81 48,75 68,34 91,03 600,96
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Farmasotikler ve Ekosistem Uzerindeki Potansiyel Etkileri
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Oz Saglik sektorii, insan saglig1 ve hayatiyla iliskili temel faaliyet alanlarina bagli olarak tiim diinyada en aktif, kapsamli ve hizli
biiyiiyen sektorlerden birisidir. Giiniimiiz diinyasinda her gecen giin daha da 6nem kazanan ve genisleyen sektoriin en 6nemli caligma
konusu ayni1 zamanda en 6nemli bileseni de olan farmasdtiklerdir. Kullanim alanlari1 ve amaglari ile ilgili ¢ok farkli 6zelliklere sahip
oldukg¢a kapsamli bir iiriin grubunu temsil eden farmasétikler genel olarak hastaliklarin dnlenmesi, teshisi ve tedavisinde kullanilmak
iizere biyolojik sistemlerle etkilesime girecek sekilde tasarlanan ve iiretilen, karmasik yapisal 6zelliklere sahip, katma degeri yiiksek
kimyasallar olarak tanimlanmaktadir. Uriinlerin fonksiyonlar1 buna bagh olarak da s6z konusu 6zellikleri, iiretim siireglerinin ¢ok
adimli ve zorlu olmasima yol agmaktadir. Cogunlukla dogal kaynaklar {izerinde olusturduklar1 baski ve yogun kirletici etkileri ile
karakteriz edilen bir prosesin nihai {irlinleri olan farmasdtikler, sektoriin ¢evresel siirdiiriilebilirlik ¢aligmalart agisindan biiyiik Gnem
tasimaktadir. Bu durum biiyiik 6l¢tide farmasotik kaynakli kirliligin {iretim sonrasinda da gerek {iriinlerin kullanimi, gerekse kullanim
dis1 kalan formlariyla devam etmesinden ileri gelmektedir. Dogrudan veya dolayli pek ¢ok kaynaktan g¢evreye yayilan farmasotikler,
giiniimiizde 6zellikleri, kaliciliklar1 ve yayilma egilimleri ile endise verici yeni bir kirletici grubu olarak kabul edilmektedir. Bu
calismada farmasdtiklerin gevresel etkileri dahil olduklar: sektorel yapi, liretim, {irlin 6zellikleri ve biyotransformasyon siiregleriyle
birlikte ele alinarak degerlendirilmistir.
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Pharmaceuticals and Their Potential Impact on Ecsystems

Abstract: The health sector is one of the most active, comprehensive and fast-growing sectors in the world, based on its main areas of
activity related to human health and life. In today's world, the most important working subject of the sector, which is gaining more
importance and expanding every day, is pharmaceuticals, which are also its most important component. Pharmaceuticals, which
represent a very comprehensive product group with very different properties regarding their areas of use and purposes, are generally
defined as high value-added chemicals with complex structural properties, designed and produced to interact with biological systems
for use in the prevention, diagnosis and treatment of diseases. The functions of the products and their features accordingly cause the
production processes to be multi-step and difficult. Pharmaceuticals, which are the end products of a process often characterized by
the pressure they create on natural resources and their intense polluting effects, are of great importance in terms of the environmental
sustainability efforts of the sector. This situation is largely due to the fact that pharmaceutical pollution continues after production, both
through the use of the products and in their unused forms. Pharmaceuticals, which diffuse into the environment from many direct or
indirect sources, are now considered a new group of pollutants of concern due to their properties, persistence and dispersal tendencies.
In this study, the environmental impacts of pharmaceuticals were evaluated by considering them together with the sectoral structure
they are involved in, production, product characteristics and biotransformation processes.
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1. Giris

Diinya genelinde insanlarin giindelik hayatlari ile iligkili
ihtiyaglarin1 ~ karsilamaya  yonelik pek c¢ok  sektor
tanimlanmaktadir. Zamanla degisen kosullar ve ihtiyaglara
bagli olarak, bu sektorlerin bir kismi giderek etkinligini
kaybederken, bir kismi daha da giiglenerek varligini
siirdiirmektedir. Ozellikle zaman ve kosullardan bagimsiz
olarak degismeyen temel ihtiyaglara dayali sektorler tiim
diinyada siirekli ve istikrarli bir sekilde bilyliimeye devam
etmektedir. Bunlarin basinda, dogrudan veya dolayli olarak
insan saghigmm korunmast ve iyilestirilmesine yonelik
faaliyetleri kapsayan saglik sektorii gelmekte ve her gegen giin
daha da 6nem kazanarak gelismektedir. Saglik sektorii genel
olarak bireylere tibbi bakim ve destek saglayan kurum ve
hizmetlerin biitliniinii ifade etmektedir [1]. Buna bagli olarak,
insanlarin hayatlarin1 kurtarmaya ve uzatmaya yardimci olan
cesitli modeller, dijital saglik teknolojileri, farmasétikler,
cihazlar, destek hizmetleri, klinik arastirmalar ve saglik
hizmetleri ile sektorden bir sekilde etkilenerek veya
etkileyerek sisteme dahil olan tiim ¢alisma alanlari, is kollart
bu baslik altinda toplanmaktadir. Oldukga genis ¢erceveli bir
sektor  olarak, bir taraftan saglkta dijitallesme,
kigisellestirilmis tip, uzaktan saglik hizmetleri gibi yeni
yaklasimlarla ¢agin gereklerini karsilayarak gelisirken, diger
taraftan da saglik maliyetlerinin artmasi, saglik hizmetlerine
erisim imkanlari, kiiresel niifusun yaslanmasi, yeni kronik
hastaliklarin artmasi gibi sorunlarla tartismalarin merkezinde
yer almaktadir [1,2]. Bununla birlikte yapilan arastirmalarda
kiiresel saglik sektorii pazarinda gerek hizmet alani ve
bi¢iminin gelismesi, gerekse ekonomik dinamiklerdeki
degisimlerle son yillarda yasanan hizli biiylimenin devam
edecegi oOngorilmektedir. 2022 yili verilerine gére OECD
iilkelerinde kisi bagina diisen ortalama saglik harcamalarinin
yaklasik 5.000 dolar oldugu, bu degerin tiim diinyada s6z
konusu sektdr agisindan en biiyiik pazar olan ABD’de 12.555
dolar, Isvigre ve Almanya’da ise yaklasik 8.000 dolar
seviyelerinde gergeklestigi belirtilmektedir [3].

Saglik sektorii igerisinde yer alan en dnemli alt sektdrlerden
birisi de farmasétik sektoriidiir. flag ve tibbi iiriinlerle ilgili her
tirli Ar-Ge ¢aligmasi, {retim, pazarlama ve dagitim
faaliyetleri ile iligkili olarak sektdr, cogunlukla biiyiik ve ¢ok
uluslu sirketlerle ifade edilmektedir. Ekonomik agidan oldukga
O6nemli bir dizi siireci barindiran farmasotik sektorii, kiiresel
ilag tiiketiminin giderek artmasina bagl olarak olduk¢a 6nemli
bir endiistriyel iiretim alam konumundadir [4,5]. Ozellikle
Asya ve Latin Amerika iilkeleri gibi gelisen ekonomilerde
artan ila¢ kullanimi, farmasétik endiistrisi i¢in belirleyici
olarak degerlendirilmektedir. Bu durum temel olarak Cin,
Hindistan, Brezilya ve Endonezya gibi diinya niifusunun
yaklasik yarisini olugsturan iilkelerde kisi basina giinliik ilag
tiikketiminin bir dozu agsmasindan kaynaklanmaktadir. Diinya
Saglik Orgiitii tarafindan da ilan edilen kiiresel anlamda kisi
basina tanimlanmig giinlik doz miktarindaki siirekli artis
egilimi, farmasotik iiretiminde de siirekli artis anlamina
gelmektedir [5,6]. Sektoriin gelecegine yonelik sdz konusu
gostergeler, farmasdtik iretiminin enerji, kaynak ve emek
yogun bir siire¢ oldugu gergegi ile birlikte degerlendirilmesini
gerekli kilmaktadir [4,5,7].

Yiksek katma degerli {rlinler olarak tanimlanan
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farmasotiklerin  iiretimi  kullanilan hammaddeye, islem
yontemine ve iiriine gore degisiklik gosteren ¢ok adimli ve
zorlu bir prosestir. Bu ozelliklerinin yani sira farmasotik
endiistrisi, ciddi ve karmasik ¢evresel etkileri nedeniyle kirlilik
yogun bir sanayi kolu olarak degerlendirilmektedir [4,5].
Sektoriin ekosistem lizerindeki potansiyel zararli etkileri,
farmasotiklerin {iretimlerinden sonra hem kullanimlar1 hem de
kullanim dis1 kalan formlari ile devam etmektedir [4,5,7]. Bu
nedenle, tim form ve etki kategorilerini kapsayacak sekilde
detayli caligmalar ve biitiinsel siirdiiriilebilirlik analizlerinin
yapilmasi, s6z konusu endiistrinin gelecegi agisindan biiyiik
onem tagimaktadir.

2. Farmasétiklerin Uretimi ve Ozellikleri

Farmasdtik tiretimi genel olarak birincil ve ikincil {iretim
olarak tamimlanan temel iki asamadan olusmaktadir. Bu
asamalardan ilki terap6tik degere sahip bilesiklerin iiretimini,
ikincisi ise bunlarin iglenerek kullanima uygun ilag formunda
nihai driinlere dontistiiriilmesini igermektedir [8,9].

Birincil farmasétik tretimi, ilaglarin etken maddesi olan ve
ilacin amaglanan saglik etkilerini olusturan aktif farmasotik
bilesenlerin (API) tiretimini ifade etmektedir. Aktif farmasotik
bilesenler, ilaglardaki ana kimyasallar olarak farkli
fizikokimyasal, biyolojik ozelliklere ve islevlere sahip
molekiillerdir. Bu karmasik kimyasallar kesin ve dogrulanmis
kosullar altinda bir dizi birim reaksiyon i¢eren ¢ok adimli bir
stiregle sentezlenmektedirler [9-11]. Dogal veya sentetik
kimyasal bazli maddeler olan aktif farmasétik bilesenlerin
tipik molekiil agirligi 200-1000 dalton arasinda degismektedir
[10,11]. Gilinlimiizde aktif bilesiklerin {iretimi, ¢ogunlukla
kimyasal sentez (parasetamol, asetilsalisilik asit vs.),
fermantasyon (penisilin, insiilin gibi antibiyotikler, hormanlar
vs.), enzimatik reaksiyonlar (antikolar vs.), dogal maddelerden
ekstraksiyon (morfin, heparin vs.) yoluyla veya bu
yontemlerin  ¢esitli kombinasyonlar1 (moksisilin) ile
yapilmaktadir [8,9].

Uriin ve uygulamalara baglh olarak siirekli gelistirilen
farmasotik prosesinde ikincil farmasotik {retimi, aktif
bilesenlerin inaktif maddeler kullanilarak farmasétik bir dozaj
formuna donistiiriilmesi  islemidir. Bu siiregte  aktif
bilesenlerin, farmasotik triinlerin nihai fiziksel 6zelliklerini
belirleyen inert maddelerle birlestirilerek, biyolojik sistemler
tarafindan daha kolay ve etkili bir sekilde alinmalar
saglanmaktadir. Eksipiyan olarak da ifade edilen ve diger
bilesen grubunu olusturan bu yardimci maddeler koruyucu,
baglayici, tatlandirici, renklendirici ve hacim verici maddeler
olarak ilag iretiminde Onemli bir girdi konumundadir
[9,11,12]. Tim bu siireglerin sonucunda farmasotik bir
formiilasyon olarak nitelendirilen ilaglarin %80’den fazlasi
kati (tablet, toz vs.) olmak iizere siv1 (surup, soliisyon vs.), yart
kat1 (merhem, jel vs.) ve parenteral (enjeksiyon, steril s1v1 vs.)
gibi farkli dozaj formlarinda iiretilmektedir [8,12]

Farmasotikler insan ve hayvanlarin biyolojik sistemlerindeki
fizyolojik siireclerle etkilesime girerek, yapisini veya herhangi
bir fonksiyonunu etkileyen olduk¢a karmasik yapisal
ozelliklere sahip kimyasal maddeler olarak tanimlanmaktadir
[10,13]. Hastalik hali ise, viicudun bir kism1 veya tamamini
etkileyen bir grup belirti, semptom ve laboratuvar bulgusu ile
bagintili anormal patofizyolojik bir durumu ifade etmektedir.
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S6z konusu kimyasallar, fiziksel veya zihinsel olarak bu
durumun Onlenmesi, teshis edilmesi, tedavisi veya
hafifletilmesi, hastanin klinik durumuna ait bir veya daha fazla
semptomun iyilestirilmesi amaciyla tasarlanmaktadir [13,14].

Farkli ve genis bir bilesik grubunu temsil eden farmasétikler
kimyasal yapilari, hedef sistemleri, farmakolojik 6zellikleri,
faaliyet alanlari, etki mekanizmalari, fizikokimyasal
ozellikleri, kaynaklari, aktiviteleri vs. gibi ¢esitli kriterlere
gore siniflandirilarak degerlendirilmektedir. Ancak bunlarin
disinda ilaclar dagitimlarint ve hastalara ulagmalarini
diizenleyecek sekilde regetesiz, regeteli ve kontrolli ilaglar
olarak da ayrilmaktadir. Bu siniflandirma dogrudan insanlarin
farmasdtiklere erigimleri, bdylelikle de tiiketimleri {izerinde
oldukga belirleyici olmaktadir [13].

3. Farmasotik Kirleticiler ve Etki Mekanizmalari

Farmasdtikler, tiretimlerinin hemen hemen her asamasinda
kirleticilerin agiga ¢iktig1, oldukea yiiksek gevresel ayak izine
sahip endiistriyel {iriinler arasinda yer almaktadir [4,6,10,15].
Uretimlerinin ardindan nihai {iriin olarak da gerek kullanimlar
sirasinda ve sonrasinda, gerekse artan veya son kullanma tarihi
gecerek kullanim dis1 kalan formlart ile ekosistem {izerinde
ciddi bir tehdit olusturmaktadirlar [4,5]. Diinya genelinde her
gecen gilin artan tiiketim miktarlarina bagl olarak dogrudan
farmasétiklere, metabolize olmus formalarina veya doniisiim
iiriinlerine buzullar ve sedimentler de dahil olmak iizere hemen
hemen her ¢evresel alan ve matrikste rastlanmaktadir. Son
yillarda yapilan g¢alismalar ve degerlendirmelerde etkileri,
ozellikleri, kaliciliklar1 ve yayilma egilimleri ile farmasétikler,
kiiresel dlgekte onemli ve endise verici yeni bir kirletici grubu
olarak degerlendirilmektedir [4,6,11,16]. Ancak farmasdtikler
molekiil agirliklari, yapilari, islevsellikleri, tuz formlari,
hidrofobiklik/hidrofiliklik 6zellikleri, suda ¢oziiniirliikkleri ve
uguculuklart bakimindan biiyiik farkliklar gésteren heterojen
bir bilesik grubunu temsil etmektedir. Bu durum kirletici
olarak da tek bir baghk altinda degerlendirilmelerini
zorlastirmaktadir. Bunun temel nedeni farkliliklarini olusturan
ozelliklerinin dogal ¢evrede bulunma oranlari, davraniglari,
biyolojik  sistemler {izerindeki toksikolojik etkileri,
metabolitleri, yarilanma siireleri iizerinde de dogrudan
belirleyici olmasidir [6,17].

Farmasatik kirleticiler insan aktiviteleri ile baglantili dogrudan
veya dolayl1 pek ¢ok kaynaktan gevreye yayilmaktadir. Bunlar
genel olarak asagidaki bagliklar altinda toplanabilirler;

. Uretim faaliyetinin bir sonucu olarak birincil ve ikincil
iretimin gesitli agamalari,

. Kullanimlar: sirasinda veya sonrasinda bagta hastaneler
olmak iizere ¢esitli saglik tesisleri, besi ¢iftlikleri, evler,

. Kullanilmamig veya son kullanma tarihi gegmis ilaglarin
kontrolsiiz sekilde elden ¢ikarilmalari [5,6].

Glintimiizde farmasotik endiistrisi yillik tiretimleri yiizlerce
tonu asan yaklagik 4000 farkli aktif farmasétik bilesenle
faaliyet gostermektedir [6,10]. Endiistrinin sahip oldugu bu
genis kimyasal girdi profili, farmasétik kirleticiler ve onlarin
toprak, hava, su ortamlarindaki hareketleri, davranislari,
etkileri, enzimatik metabolizma siirecleri, akibetleri
hakkindaki belirsizliklerle birlikte degerlendirildiginde,
sorunun boyutlarini ortaya koymaktadir. Bugiine kadar yapilan
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¢alismalarla sucul ekosistemde 600°den fazla aktif farmasotik
bilesenin varlif1 tespit edilmistir [15]. Su ortamlarinda ng-
ug/L araliginda bulunan bu mikro kirleticiler, tim yasam
formalar i¢in ciddi bir tehdit olusturmaktadir [15,16].

Yeralt1 veya yiizey sular1 basta olmak iizere dogal cevreye
farmasotik kirleticilerin biiytik 6lgiide atiksularla ulastigi
bilinmektedir. Farmasotik endiistrisi atiksular1 en yliksek
kirletici konsantrasyonuna sahip atiksular olarak, bu kirlilikten
birinci derecede sorumlu sulardir. Proses atiksularini, ikinci en
yiiksek konsantrasyonda bulunduklar1 evsel atiksular
izlemektedir. Bu durum ilaglarin  gogunlukla viicuttan
farmakokinetik siire¢ler sonucunda metabolitlerine doniiserek
ya da degismeden atilmasindan kaynaklanmaktadir. Ancak
artan veya tarihi gegen ilaglarin, tiiketiciler tarafindan
dogrudan atiksu kanallarina bosaltilmast da evsel atiksularin
kirlilik yiikiinii arttirmaktadir. Bunlarin yani sira farmasotik
kirleticilerin taginmasi ile ilgili en 6nemi atiksu formu aritma
tesisi ¢ikis sularidir [4,6]. Geleneksel atiksu aritma tesisleri
cogunlukla makro kirleticilerin giderimi esas alinarak
tasarlanmaktadir. Bu nedenle mevcut aritma tesisleri biyolojik
olarak aktif, suda yiiksek ¢ozliniirlige sahip, biyolojik
parcalanmaya direngli, atiksu ortaminda stabil kompleksler
olusturabilen, birden fazla iyonizasyon bdlgesi ile
iyonlasabilen ve kimyasal acidan karmasik yapili maddeler
olan farmasoétik kirleticilerin gideriminde etkisiz kalmaktadir
[5,17,18]. Son yillarda gerek gelismis gerekse gelismekte olan
iilkeler i¢in aritma tesisi ¢ikis sularinin tarimsal sulamada
kullanilmasi 6zellikle su kitligi olan bolgelerde giderek daha
fazla kabul gérmeye baslayan bir uygulamadir. Kiiresel su
tiiketiminin yaklasik %70’ine karsilik gelen sulama suyu
ihtiyaci, tarimsal {iretimin siirdiiriilebilirligi i¢in aritma tesisi
¢ikis sularimin sulamada kullanilmasinin desteklenmesine
neden olmaktadir. Diinya genelinde evsel atiksu aritma tesisi
¢ikig sularinin %1,6-6,3’{iniin tarimsal sulamada kullanildigi,
kiiresel niifusun %10’dan fazlasinin atiksularla sulanmis tarim
iirtinlerini tiikettigi bildirilmektedir [6,19]. Tarim alanlarinin
aritilmis atiksularla sulanmasi veya aritma ¢amurlart ve biyo-
katilarin toprakta kullanilmasi ile ilgili uygulamalar temel
olarak, farmasdtik kirleticilerin toprak ve su kaynaklarina
aktarimini saglamaktadir. Kirlenmis toprakta yetisen bitkiler
kokleri vasitasiyla bu maddeleri alarak, dokularinda
depolamaktadir. Boylelikle biyolojik birikime ugrayan ve
besin zincirine giren farmasoétikler, biyoaktif yapilar
nedeniyle ulastiklar1 ¢ogu biyolojik sistemde bozucu etkiler
gostermektedir [6,16,19]. Literatiirde kimyasal yapilari,
farmakolojik  etkileri, hedef  sistemleri ve  etki
mekanizmalarina bagl olarak farmasétiklerin, bulunduklart
ortamda yasayan canlilarin endokrin sistemlerini bozarak
diyabet, obezite, iireme bozukluklar1 ve kansere yol
acabildikleri, hormonlarimi taklit ederek biyolojik islevlere
miidahale edebildikleri, DNA’larina zarar verdikleri,
hiicrelerin yenilenmesini engelledikleri ve diger organik
kirleticilerle sinerjik toksik etkiler olusturabildikleri ifade
edilmektedir [6,16].

Farmasoétik kirleticilerin insan ve cevre sagl iizerindeki
potansiyel zararli etkileri, bu kompleks bilesiklerin yapisal
ozelliklerinin yaninda viicutta gegirdikleri siiregler ve yapisal
degisimlerle birlikte degerlendirilmelidir. Genel olarak
farmasotikler  viicuda  uygulandiktan  sonra  emilim
(absorpsiyon),  dagilim  (distribiisyon), = metabolizma
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(biyotransformasyon) ve atilim (eliminasyon) olmak {izere
bazt  asamalardan  gegmektedir. = Viicut  sisteminin
ozelliklerinden de yogun sekilde etkilenen bu asamalardan
emilim, bir ilacin uygulama yerinden dolasim sistemine
gecene kadar ki siirecini ifade etmektedir. Bu siiregte ilaglarin
sistemik dolagima ulagma oranlar1 6nemli bir farmakokinetik
ozellik olarak ilaca ve uygulama sekline bagldir. Dagilim,
ilacin kan dolagimi yoluyla viicuda yayilmasi, doku ve
organlara ulagmasidir. Ilacin polaritesi, boyutu ve baglanma
yetenekleri siirec tizerinde etkilidir. Metabolizma, ilacin viicut
tarafindan daha kolay atilabilir formalara doniistiiriilmesi i¢in
kimyasal yapisinin degistirilmesidir. Genel olarak lipofilik
bilesiklerin hidrofilik metabolitlere doniistiiriilmesi icin iki
temel siirecle ifade edilmektedir:

. Faz 1 reaksiyonlari, farmasétiklerin oksidasyon,
indirgenme ve hidroliz yoluyla kimyasal yapilarinda
degisiklik yaparak daha kiigiik ve suda daha yiiksek
¢Ozlinlirlige  sahip  metabolitlerine  doniismesini
saglamaktadir.

. Faz Il reaksiyonlari, viicuttan atilimi kolaylagtirmak i¢in
ana bilesik veya faz I metabolitine glukoronik asit, siilfat
ve glutatyon gibi suda ¢6ziinen bir endojen molekiiliiniin
baglanmasi ile gergceklesmektedir.

Metabolizma asamasi farmasoétiklerin kimyasal yapist ve
farmakokinetik 6zelliklerine dogrudan baglidir. Bu nedenle
bazt farmasotikler hi¢ metabolize olmadan viicuttan
atilabilirken, bazilar1 kismen ya da tamamen metabolize olarak
aktif ve inaktif metabolitlere doniisebilmektedirler. Atilim ise,
dogrudan ilacin kendisi ve metabolitleri da dahil olmak tizere
ilagla ilgili tiim maddelerin viicuttan atilarak, temizlendigi
stireci tanimlamaktadir [20,21].

Farmasotik  kirlilik, farmasétiklerin -~ kendileri, viicutta
biyotransformasyon sonucu olusan metabolitleri ve atilim
sonrasinda dogal ¢evre veya aritma tesislerinde biyotik ya da
abiyotik siireclerle meydana gelen doniistim tirtinleri kaynakli
tiim kirlilik kategorilerini kapsamaktadir. Yapilan ¢aligmalar
metabolit veya doniisim {iriinlerinin  fizikokimyasal,
farmakolojik ve toksikolojik 6zelliklerinin genellikle orijinal
farmasotikten farklilastigini  gostermektedir. Bu durum
farmasotiklerin, metabolit ve doniisiim triinlerinin kirletici
olarak bakteriler, mantarlar, hedef alinan veya alinmayan
yiiksek canlilar iizerindeki etkilerinin, kaliciliklarmin ve
iginde bulunduklari ortam sartlarinin birlikte
degerlendirilmesini gerektirmektedir [10].

Farmasotik kirleticiler agisindan en 6nemli ortamlardan birisi
su yollaridir. Bu alanlarda tespit edilen farmasotikler basta
anti-inflamatuarlar ve analjezikler ile antibiyotikler olmak
lizere, antiepileptikler, lipid diisiiriicii ajanlar,
antihistaminikler, B-blokerler olarak gruplandirilmaktadir.

Antibiyotikler tiim farmasétik gruplar igerisinde en ¢ok talep
edilen ve tiiketilen regeteli ilaglardir. Son yillarda
tiiketimlerinin %30 oraninda arttig1 bildirilen antimikrobiyal
ilaglar, bakteri ve mantar gibi mikroorganizmalardan
kaynaklanan hastaliklarin 6nlenmesi veya tedavisi amactyla
insan ve hayvanlarda kullanilmaktadir [6]. Besi hayvanciligi,
su iriinleri yetistiriciligi, aricilik, meyve yetistiriciligi gibi
oldukga genis kullanim alanina sahip olan bu ilaglar, kimyasal
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yapilari ve inhibisyon mekanizmalarina gore
siniflandirilmaktadir  [10]. Farkli cografyalarda tiiketim
aliskanliklari, sosyoekonomik kosullar, su kullanim diizeni ve
iklime baglh olarak degismekle birlikte sefalosporinler,
kinolonlar, makrolidler, tetrasiklinler, penisilinler,
linkomisinler ve siilfonamidler en yaygin kullanilan
antibiyotiklerdir [6,16]. Genel olarak Asya ve Afrika
tilkelerinin  aritma tesislerinde tespit edilen ortalama
antibiyotik konsantrasyonlari, bu bolgelerdeki tiiketimlerine
paralel olarak Avrupa ve Kuzey Amerika’ya gore ¢cok daha
yiiksek olmaktadir [16]. Gelinen noktada yiiksek antibiyotik
tiiketimi, insanlarin kullandig1 antibiyotiklerin %70-90’1nin
viicutta herhangi bir degisiklige ugramadan atildiklari gercegi
ve gelismesi muhtemel antibiyotik direnci nedeniyle kiiresel

bir halk saglig1 problemi haline gelmistir [6,16,22].

Anti-inflamatuarlar ve analjezikler atiksularda bulunan bir
diger 6nemli farmasotik gruplarindandir. Viicutta iltihap ve
agriya karsi kullanilan anti-inflamatuarlar steroid ve steroid
olmayan anti-inflamatuarlar olarak ayrilmaktadir. Diklofenak,
ibuprofen, naproksen en yaygin kullanim alani bulan anti-
inflamatuar ilaglardir. Diinya genelinde steroid olmayan anti-
inflamatuar ilaglarin giinde 30 milyon dozun istiinde
tiiketildigi bildirilmektedir. Parasetamol, ibuprofen yine agri
kesici olarak en ¢ok tiiketilen analjeziklerdir [6,13]. Yapilan
caligmalar analzejiklerin atiksu aritma tesislerindeki ortalama
konsantrasyonlarinin Asya ve Kuzey Amerika’da sirastyla 4
ng/L ve 5.7 pg/L seviyelerinde iken Afrika ve Avrupa’da
kullanima bagl olarak sirasiyla 39 pg/L 43 ng/L seviyelerine
ciktigini gostermektedir [6,16]. Farmasotik kirliligin gelinen
noktada boyutlarini gdsteren tiim bu ¢alismalar ayn1 zamanda
sektorel siirdiiriilebilirlik i¢in ¢evresel siirdiiriilebilirligin
anlamini ve dnemini de agik¢a ortaya koymaktadir. Bu nedenle
stirdiiriilebilirlik ¢alismalarinin odaginda yesil tiretimin tesvik
edilmesi, yesil tedarik zincirleri, biyolojik esasli farmasotik
iretimi, farmasotik tasariminda erken klinik dncesi agamalarin
detayli degerlendirilmesi, asir1 ilag kullanimi ile miicadele,
ilaclara ulasim ve recete sistemleri ile ilgili diizenlemeler ve
atiksu aritma teknolojilerinin  gelistirilmesine  y6nelik
aragtirmalar yer almaktadir [23].

4. Sonuglar

Farmasoétikler genel anlamda kimyasal yapilari, hedef
sistemleri, faaliyet alanlari, etki mekanizmalari,
fizikokimyasal Ozelliklerine gore farklilik gdsteren bir
kimyasal madde sinifidir. Bu kimyasallar viicuda verildikten
sonra bir dizi asamadan gecerek kismen veya tamamen
metabolize olarak veya hi¢ degismeden viicuttan atilirlar.
Gliniimiizde her gegen giin artan tiiketim miktarlarina bagh
olarak farmasdétiklerin dogrudan kendileri, metabolize olmus
formalar1 veya doniisiim {irlinleri hemen hemen tiim gevresel
alanlarda tespit edilmektedir. Su ortamlar1 basta olmak {izere
dogal ¢evreye farmasdtik kirleticilerin tagiimi biiyiik dlciide
atiksular vasitasiyla olmaktadir. Bunun baglica nedeni
geleneksel atiksu aritma tesislerinin farmasdétik kirleticilerin
gideriminde yetersiz kalmasidir. Bunun yani sira son yillarda
ozellikle kurak bolgelerde aritma tesisi ¢ikisg sularinin tarimsal
sulamada kullanilmasina yo6nelik giderek artan uygulamalar
sorunu bagka bir boyuta tasimaktadir.
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Hamzadere Barajinin Geoteknik Incelemesi
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0z Bu calismada, homojen toprak dolgu tipinde tasarlanan Hamzadere Baraji’nin jeolojik 6zellikleri incelenmistir. Baraj gvdesini
olusturacak dolgu malzemesinin geoteknik agidan uygunlugu cesitli deneylerle arastirilmistir. Bu kapsamda malzeme alani olarak iki
yer belirlenmistir ve zeminlerin 6zelliklerini belirlemek amaciyla testler yapilmistir. Toprak dolgu barajlar, dnemli miihendislik
projeleri olup biiyiik yatirim gerektiren yapilardir. Bu tiir projelerde, 6n incelemelerin yapilmasi, hem ekonomik verimlilik hem de yap1
giivenligi acisindan kritik bir rol oynamaktadir. Yanlis baraj yeri se¢cimi ve insaat asamasinda uygun sekilde tasarlanmayan kil
¢ekirdekleri, birgok mithendislik sorununa yol agabilir. Bu tiir problemler, insaat siirecinde veya barajin dmrii boyunca etkili olabilecek
ciddi riskler olusturabilmektedir. Bu yiizden yapilan bu ¢alismayla, dolgu baraj insasinda zemin etiitlerinin onemi gosterilmek
istenmistir. Bu ¢aligmayla Hamzadere Barajinin mithendislik jeolojisine deginilmekte, dolgu sahalarindan alinan malzemeler {izerinde
yapilan deneysel calismalar anlatilmakta ve sonuglan belirtilmektedir.

Anahtar kelimeler: Baraj, Baraj gé¢mesi, Dolgu barajlarin tasarim esaslari, Toprak dolgu baraj, Zemin etiidii.

Geotechnical Investigation of Hamzadere Dam

Abstract: In this study, the geological characteristics of the Hamzadere Dam, designed as a homogeneous earth fill type, were examined.
The geotechnical suitability of the fill material that will form the dam body was investigated through various tests. In this context, two
locations were identified as material areas, and tests were conducted to determine the properties of the soils. Earth fill dams are
significant engineering projects that require substantial investment. In such projects, preliminary investigations play a critical role in
both economic efficiency and structural safety. Incorrect dam site selection and improperly designed clay cores during the construction
phase can lead to numerous engineering problems. These issues can pose serious risks that may affect the construction process or the
lifespan of the dam. Therefore, this study aims to demonstrate the importance of soil investigations in the construction of earth fill
dams. This study addresses the engineering geology of the Hamzadere Dam, describes the experimental studies conducted on materials
taken from the fill sites, and presents the results.

Keywords: Dam, Dam failure, Design principles of embankment dams, Earthfill dam, Soil investigation.

1. Giris edilmesi, kurulacak alanlarda dogal yasamin korunmasina
yonelik tasarim ilkelerine uyulmasi biiyiik onem tasimaktadir.
Barajlarin yapimi esnasinda, yerel topografya, jeoloji ve
meteoroloji kosullarinin  detayli bir sekilde arastirilmasi
onemlidir. Bu degerlendirmeler, zemin etiitleri ile

Barajlar, su kaynaklarinin yonetimi, tarimsal sulama, igme ve
kullanma suyu temini, enerji iiretimi, tagkin kontroli gibi
birgok avantaj sunan Onemli miihendislik yapilardir.
Barajlarin giivenli, maliyet agisindan etkin, ¢evresel agidan

giiclendirilmelidir ve temelin uygunlugunun belirlenmesi i¢in

uygun ve deprem dayanimt yiiksek olan yapilar olarak insa geoteknik ve jeofizik etiitler yapilmalidir [1, 2]. Baraj
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govdesinde tercih edilen malzemenin kalitesi ve uygunlugu,
barajmm uzun Omiirli olmast ve performansini dogrudan
etkileyen unsurlar arasinda bulunmaktadir [3, 4].

Baraj miihendisligi, modern altyap1 projelerinin en énemli ve
dikkatli ¢aligma alanlarindan birini temsil etmektedir.
Barajlarin  giivenli, siirdiiriilebilir ve g¢evreye duyarli bir
sekilde inga edilmesi, ulusal su yonetimi stratejilerinin 6nemli
bir pargasint olusturur. Bu gergevede, zemin mekanigi ve
geoteknik Ozelliklerin kapsamli incelenmesi, barajin etkinligi
ve emniyeti agisindan kritik bir faktordiir [5, 6].

Toprak dolgu barajlari, diinya genelinde en yaygin baraj
tirlerinden biridir ve Tiirkiye’de de barajlarin  %71'ini
olusturmaktadir [7]. Bu barajlarin giivenli bir sekilde insa
edilmesi, zemin 6zelliklerinin dogru bir sekilde analiz edilmesi
ile miimkiin olmaktadir. Zemin etiitleri, barajlarin stabilitesini
ve performansini etkileyen en kritik unsurlardandir [8, 9].
Dolayisiyla, zemin Ozelliklerinin detayli bir sekilde
incelenmesi, barajlarin giivenli insasi i¢in temel bir gereklilik
olarak ortaya ¢ikmaktadir.

Baraj giivenligi agisindan kritik risk faktorleri detayli olarak
incelendiginde, yapisal biitiinliigii tehdit eden unsurlar net bir
sekilde  gorilmektedir.  Uluslararas1  Biiyllk Barajlar
Komisyonu (ICOLD) tarafindan 1973 yilinda yayimlanan bir
rapora gére, baraj yikilmalarinin %38'i  dolusavak
kapasitesinin yetersizligi nedeniyle suyun baraji agmasi veya
asir1  yagislardan kaynaklanan su baskinlar1  sonucu
gerceklesmektedir [10]. Yikilan barajlarim %33'i ise borulama
veya sizmalar nedeniyle yikilmaktadir [11, 12]. Diger yandan,
yikilmalarin %23'liik kism1 temel problemleri, heyelanlar, sev
kaymalar1 ve deprem gibi faktorlerden kaynaklanmaktadir
[13-16].

Tarihsel ornekler, geoteknik parametrelerin Gnemini agikca
ortaya koymaktadir. 71 metre yiiksekligindeki Gouhou Baraji
igsel erozyon nedeniyle ¢okmiis, 93 metre yiiksekligindeki
Teton Baraji ise borulama sonucu yikilmistir. Bu vakalar,
sadece Teton Baraji Orneginde bile 200'den fazla aileyi
etkilemis ve maddi zarari 400 milyon ile 1 milyar dolar
arasinda degisen sonuglar dogurmustur [17]. Bu olaylar,
barajlarin gilivenligini saglamak i¢in gerekli olan geoteknik
incelemelerin 6nemini bir kez daha gozler 6niine sermektedir
[18-20].

Modern baraj mithendisligi, zeminin detayli geoteknik
karakterizasyonunu gerektirmektedir. Bu siireg;

e  Topografik analizler

e Jeolojik etiitler

e Meteorolojik degerlendirmeler

e  Sismik risk incelemeleri

e  Malzeme 6zellikleri testlerini kapsamaktadir [21].

Hamzadere Baraji, Edirne Ili Ipsala Ilgesi'nin 29 km
giineyinde, Koyuntepe Kdyii'niin dogusunda yer almaktadir
Sekil 1).
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Sekil 1. Inceleme alamnin haritas

Inceleme alani, mevcut litolojik kosullardan kaynaklanan az
engebeli bir topografyada konumlanmakta ve ¢evresindeki
daglar ile birlikte dogal bir koruma saglamaktadir [22].
Bolgenin jeolojik yapisi, Kirklareli kiregtasi, Korudag Kesan,
Yenimuhacir, Danigsmen formasyonlart ve Hisarlidag
volkanitleri ile karakterize edilmektedir. Ust katmanlarda
allivyon birikimi gézlenmektedir [23]. Bu jeolojik cesitlilik,
baraj insaat siirecinde detayli zemin etiitlerini zorunlu
kilmaktadir. Hamzadere Baraji, 47.7 metre govde yiiksekligi
ve 210 milyon m* su depolama hacmi ile 273.350 dekar tarim
arazisini sulayarak bolgesel tarimsal tiretkenligi arttirmaktadir
[24-25].

Baraj govdesinde kullanilan dolgu malzemelerinin fiziksel ve
mekanik 6zelliklerinin belirlenmesi, hem yapinin stabilitesi
hem de uzun dénemli performansi agisindan kritik bir dneme
sahiptir. Hamzadere Baraji'nin geoteknik Ozellikleri ve
malzeme analizi, bu ¢alismanin temel odak noktasi olacaktir.
Bu baglamda, laboratuvar ¢alismalari ve yerinde incelemelerle
baraj temeli ve dolgu malzemelerinin uygunlugu
degerlendirilmigtir. Caligma, Hamzadere Baraji'nin geoteknik
performansina katki saglamak amaciyla yapilan kapsamli bir
aragtirmay1 sunmaktadir.

2. Materyal ve Metot

Hamzadere  baraji  govdesinde  kullanilan  dolgu
malzemelerinin  Ozelliklerinin ~ belirlenmesi  amacryla
laboratuvarda deneysel ¢alismalar yapilmigtir. Bu dogrultuda
dane cap1 dagilimi, kivam limitleri, 6zgiil agirlik, permeabilite,
gecirimlilik, kompaksiyon, kayma mukavemeti, serbest
basing, sikisabilirlik, sisme parametreleri testleri yapilmustir.

Dane ¢apt dagilimi, zeminler hakkinda genel bir
degerlendirme yapmay1 saglar. Bu dagilim, zeminlerin su
gecirgenligi, sikigabilirligi, dayanikliligi  gibi  gesitli
ozelliklerinin  belirlenmesinde ~ yardimci1  olur.  Dolgu
malzemelerinin dane caplar1 agisindan smiflandirilmasi i¢in
ilk asamada 200 numarali elekten 1slak eleme islemi
uygulanmustir. Elek {izerinde kalan malzeme, kurutulup
elenerek daneler birbirinden ayrilmistir. 200 numarali elekten
gecen parcaciklar ise, silispansiyon haline getirilerek
hidrometre deneyi yapilmistir. Ince taneli zeminlerdeki su
icerigi, zeminin milhendislik dzellikleri tizerinde 6nemli bir
etkiye sahiptir. Ozellikle killi zeminlerde su miktar1 artirilarak,
zeminin kivamu katidan akiskan bir hale getirilebilir.
Kohezyonlu zeminlerde, suyun artisi ile birlikte, tanecikler
arasindaki baglar zayiflar ve bu durum zeminin sivi gibi
davranma egilimini artirir. Bu degisim, zeminin mukavemet,
stkisma ve yiik altinda deformasyon gibi miihendislik
ozelliklerinde 6nemli degisikliklere yol agabilir [26]. Killerin
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kivaminda su muhtevasina bagli olarak meydana gelen
degisimleri deneysel olarak belirleyebilmek igin kivam
limitleri tanimlanmistir [27]. Kivam limitleri, ince daneli
zeminlerin degisik su muhtevalarindaki mukavemetlerinin bir
gostergesidir [28]. Zeminlerin dogal su icerigi ile kivam
limitlerinin karsilagtirllmasi, zeminlerin gerilme gegmisi
hakkinda fikir verir. Eger bir zeminin dogal su igerigi plastik
limit (PL) seviyelerine yakinsa, bu, zemin i¢in asir1 konsolide
oldugunu gosterir. Ote yandan, likit limit (LL) degerine yakin
bir su igerigi ise zemin i¢in normal konsolide bir durumun
gostergesidir [29]. Kivam limitleri, zeminlerin plastisite
diizeylerine gore smiflandirilmasina olanak tanir. Ayrica, bu
limitler zeminlerin su gegirgenlik 6zelliklerini, gesitli ingaat
uygulamalart igin uygunluklarmi, yiik altindaki sikisma ve
sisme potansiyellerini degerlendirmek i¢in 6nemli 6n bilgiler
sunar [30].

Permeabilite, kohezyonlu zeminlerde sizma, oturma ve
stabilite gibi Onemli zemin miihendisligi problemleriyle
dogrudan iligkilidir ve zeminin temel parametrelerinden
biridir. Ozellikle dolgu barajlarinda i¢ kisimlardan veya
temellerden sizan sular, yapidaki ¢6kmeler, konsolidasyon
sonrasi dolgularda meydana gelen mukavemet artiglar1 gibi
pek ¢ok sorunda permeabilite kritik bir rol oynamaktadir [31].
Baraj dolgusunda kullanilacak malzemeler kohezyonlu zemin
olduklarindan laboratuvarda  bunlarin permeabilite
katsayilarinin bulunmasinda, diisen seviyeli permeabilite
deneyi yapilmistir.

Zeminler, genellikle Ingaat Miihendisligi agisindan dogrudan
kullanim i¢in uygun olmayabilir. Bu nedenle, temel zemini
veya baraj gibi yapilarda dolgu malzemesi olarak kullanilacak
zeminlerin Ozelliklerinin iyilestirilmesi gerekmektedir [32].
Bu amagla, zeminlerin mithendislik 6zelliklerini iyilestirmek
icin kullanilan yontemlerden biri de kompaksiyondur.
Kompaksiyon, zemindeki tanelerin birbirlerine yaklagmasini
saglayarak, aralarindaki bosluklarin azalmasina yol agan bir
islemdir. Dolgu malzemelerinin kompaksiyonu igin gerekli
Standart Proktor Deneyi ile

optimum su muhtevalari

bulunmustur.

Zeminlerin kayma direncini dlgmek amaciyla yapilan kesme
kutusu deneyinde, numune tizerine belirli bir normal gerilme
uygulanir. Bu sayede, zemin kesilmeden once konsolide
olabilmekte ve kesme islemi sirasinda normal gerilmeler
kontrol altinda tutulabilmektedir. Optimum su muhtevalarinin
%2 1slak tarafinda Standart Proktor aletiyle 3 tabaka halinde

Tablo 1 Dolgu Malzemelerinin Endeks Ozellikleri
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sikistirilarak hazirlanan deney malzemelerinde kesme kutusu
deneyi yapilmistir.

Serbest basing deneyinde dolgu malzemelerinden Standart
Proktor kalibinda ii¢ tabaka halinde optimum, optimumun %2
1slak ve %2 kuru tarafinda 2 tekrarli olarak hazirlanmig
numuneler lizerinde yapilmistir. Hazirlanan numuneler, biri
sabit digeri diisey yonde hareket ettirilebilen iki plaka arasina
yerlestirilerek eksenel yonde diisey olarak yiiklemeye tabi
tutulmustur. Drenaj kosullarinin ¢ok iyi kontrol edilebilme
olanagi bulunan ve en ¢ok kullanilan bir laboratuvar deneyi
olan Ug eksenli basing deneyi de yapilmistir.

Hamzadere Dolgu barajinin insasinda dolgu malzemesi olarak
kullanilan zeminlerin degisik su muhtevalari ve farkli
basinglarin  sonrasinda meydana gelecek oturmalarin
incelenmesi ve insaatin ¢esitli asamalarinda ne kadar oturma
yapacaklarinin saptanmasi amaciyla standart 6dometre (bir
boyutlu konsolidasyon) deneyleri yapilmistir. Bu deneyde
numuneler optimum su muhtevasinin %2 kuru tarafinda,
optimum su muhtevasinda ve optimum su muhtevasinin %2

islak tarafinda Standart Proktor kabinda sikistirilarak
hazirlanmustir.
Baraj golinde su birikmeye bagladiktan sonra, baraj

govdesinin altinda bulunan, suya doygun olmayan yiiksek
plastisiteli siltli ve killi zeminler zamanla suya doygun hale
gelir. Bu zeminler, su igeriginin artmasiyla hacimsel olarak
genisler ve buna bagli olarak sisme basinglar1 olugabilir. Baraj
dolgusu bu tiir zeminler iizerine insa edildiginde, dolgu
altindaki bazi bolgeler kilin sisme 6zelliklerinden &tiirdi biiyiik
kaldirma kuvvetlerine maruz kalabilir. Su etkisiyle olusan
sisme ve kabarmalar, baraj gdlinden suyun kagmasina yol
acabilir. Ayrica, farkli etmenlerin birlesmesiyle bazi dolgu
barajlar islevsiz hale gelebilir ya da ciddi hasarlara yol acarak
yikilabilir [31].

3. Bulgular

Dolgu malzemelerinin endeks dzellikleri, standart laboratuvar
deney sonuclarma bagli olarak Tablo 1°de verilmektedir.
Dolgu malzemeleri ince daneli zeminlerden olusmakta ve
plastisite abaginda A hatti {izerine rastlamaktadir. A dolgu
malzemesi diisiik plastisiteli inorganik ve killi siltler (ML), B
dolgu malzemesi yiiksek plastisiteli inorganik ve killi siltler
(CH) grubu zeminlerden olugmaktadir.

Plastisite Rore Lineer Ozgiil Zemin
Mal kil (%) K 9 ilt (9 Kil (¢ . Limiti Agirlik
alzeme Calal (%) Kum (%) - Silt (%) i1 (%) Indisi (%) it Rotre g Tanimlamasi
(%) (%)
A 15 67,20 8,90 17,2 17,1 14,68 2,59 ML
B 30 58,33 11,7 32 10,5 15,04 2,68 CH

Permeabilite degerleri A malzemesinde 3.67 x 10-7 cm/sn, B
malzemesinde 3.76 x 10-8 cm/sn oldugu elde edilmistir.

Kompaksiyon deney sonuglart A malzemesi icin Sekil 2’de
verilmistir. Zeminlerdeki bosluklarin hangi oranda su ile dolu
olduklarmmi yansitan, kayma direnci ve sikisabilirlik gibi

6nemli zemin &zelliklerine etkiyen doygunluk derecelerinin
bilinmesi, zemin 6zelliklerinin degerlendirilmesinde biiyiik
faydalar saglamaktadir. Doygunluk egrileri, sikisma
egrilerinin  tepe noktalarnda  doygunluk  durumunun
6grenilmesine yardimer olmaktadir. Sekil 2°de ayni1 zamanda
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bu dolgu malzemeleri suya doygunluk egrileri de
gosterilmektedir. Her iki malzeme i¢in kompaksiyon deney
sonuglari Tablo 2°de verilmistir.

Tablo 2 Kompaksiyon Deney Sonuglari

Max kuru birim hacim Optimum su

Malzeme

agirlik (kKN/m*) muhtevast (%)
A 15,85 19,20
B 15,27 20,50

%80

s

Sekil 2. A Malzemesi kompaksiyon deney sonuglart

Kesme kutusu deneyi sonucunda Tablo 3’de verilen kayma
mukavemeti parametreleri bulunmustur. Kesme kuvveti ile
meydana gelen yatay ve diisey yer degistirmeler deformasyon
saatlerinden Olgiilerek kesme kuvvetinin yatay yer
degistirmelere gore degisimleri ve yatay yer degistirmeler ve
hacim degisimleri arasindaki iligkiler Sekil 3 ve 4’de
gosterilmistir.

Tablo 3 Kayma Mukavemeti Degerleri

Malzeme Kohezyon Igsel Siirtiinme Agist
(Ceu, kPa) (deu: *)

A- wopt + %2 38,2 30
B- wopt + %2 37,2 28,7
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Sekil 3. Dolgu malzemelerinin kesme gerilme ve yatay
ver degistirmeleri
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Sekil 4. Dolgu malzemelerin diisey ve yatay yer
degistirmeleri

Serbest basing deneyi sonucunda, eksenel yiik artiglari altinda
meydana gelen boy kisalmalart o6lgiilip gerilme-sekil
degistirme egrileri elde edilmistir (Sekil 5). Egrilerden elde
edilen en biiyiik kayma direnci degerleri dolgu malzemelerin
serbest basing direngleri olarak Tablo 4’de verilmektedir.

Tablo 4 Dolgu Malzemelerin Serbest Basing Direngleri

Malzeme Serbest Basing Direnci (q,, kPa)
A- wopt - %2 241,47
A- wopt 222,19
A- wopt + %2 128,00
B- wopt - %2 225,38
B- wopt 186,77
B- wopt + %2 154,44
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Sekil 5. A Malzemesi serbest basing deney sonuglari

Uc eksenli basing deneyleri sonucunda belirlenen dolgu
malzemelerinin kayma mukavemeti parametreleri Tablo 5'de
verilmistir. Sekil 6’da numunelerin deviator gerilme ile
eksenel sekil degistirmesi arasindaki iliski gosterilmistir.
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Sekil 6. Dolgu malzemelerin ii¢ eksenlide eksenel
deformasyon-deviator gerilme iligkisi

Tablo 5 Ug Eksenli Basing Deneyinden Bulunan Kayma
Mukavemeti Degerleri

Malzeme Kohezyon Igsel Siirtiinme Agisi
(CCUS kPa) (<I)cua O)

A- wopt + %2 49,02 30

B- wopt + %2 38,46 28

Toplam 6 adet 6dometre deneyinden elde edilen veriler
degerlendirilerek belirlenen konsolidasyon deney sonuglari
Tablo 6°da verilmisti., Bu degerlere bagl olarak
konsolidasyon oturmasinin hesaplanmasi agisindan biiyiik
Onem tagiyan e-log P egrileri ¢izilmistir (Sekil 7).

A Opt -%2
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: b ¢
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Sekil 7. Optimum su muhtevasinin %2 kuru tarafinda
stkistirilmis dolgu malzemelerin e-Log P egrileri

Dolgu malzemelerinin  gigsme basinglarint  ve  serbest
sismelerini elde etmek igin tek eksenli konsolidasyon
deneyleri yapilmigtir. Optimum su muhtevasinda (A ve B
malzemeleri), optimum su muhtevasinin kuru tarafinda (B
malzemesi) ve optimum su muhtevasinin islak tarafinda (B
malzemesi) hazirlanan numuneler tizerinde deneyler
yapilmustir. Deney sonuglart Tablo 6’da verilmistir.
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Tablo 6 Hamzadere Baraji Dolgu Malzemelerinin
Konsolidasyon Ozellikleri

. Baslangig
Sisme ASIkTSTna -Slsr.n.e Bosluk
Malzeme . Indisi Indisi
Parametreleri Orant
€ © o
0
Serbest  Sisme
Sisme  Basimnci
(%) (kN/m?)
A- wopt - %2 0,25 0,07 0,52
A- wopt 77,87 0,09 0,07 0,47
A- wopt + %2 0,15 0,07 0,61
B- wopt - %2 1,92 0,19 0,10 0,64
B- wopt 1,20 80,91 0,20 0,09 0,58
B- wopt + %2 0,21 0,25 0,10 0,72

4. Sonuclar

Bu ¢alisma, Hamzadere Baraji1 gévde dolgusunda kullanilacak
zemin malzemelerinin geoteknik ozelliklerini inceleyerek,
dolgu baraji projelerinde zemin etiitlerinin  Gnemini
vurgulamay1 amaglamaktadir. A ve B malzeme sahalarindan
alinan Orselenmis numuneler iizerinde laboratuvar deneyleri
sonucunda elde edilen bulgular asagida 6zetlenmistir:

A dolgu malzemesi, yaygin, tiniformluk katsayis1 (Cu) 10.56
ve derecelenme katsayist (Cc) 0.82 ile daha ince taneli ve
diisiik plastisiteli bir yap1 sergilemektedir. Bu malzeme,
Birlestirilmis zemin siniflandirma sisteminde diisiik plastisiteli
inorganik siltler ve killi siltler (ML) grubuna girmektedir. Ote
yandan, B dolgu malzemesi, yaygin, iiniformluk katsayisi (Cu)
90 ve derecelenme katsayis1 (Cc) 3.025 ile yiiksek plastisiteli
bir yap1 gostermekte olup, yiiksek plastisiteli inorganik siltler
ve killi siltler (CH) grubuna dahil edilmektedir. A malzemesi
%8.9, B malzemesi ise %11.67 oraninda 200 numaral elek
altindan olugmaktadir.

Casagrande ve Konik Penetrometre yontemleri ile elde edilen
likit limit degerleri benzer sonuglar vermekte, ancak
Casagrande aleti ile bulunan degerler A malzemesi igin %1.03
ve B malzemesi i¢in %1.72 daha biiyiik ¢ikmaktadir.
Kompaksiyon deneyleri sonucunda, A malzemesinin optimum
su muhtevasina karsilik gelen doygunluk derecesi %82.5, B
malzemesinin ise %80 olarak belirlenmistir. Her iki
malzemenin kompaksiyon egrisi %100 doygunluk egrisini
kesmemekte, bu da dolgu malzemelerinin sikistirilmast
sirasinda bosluklardaki su ve hava karisiminin tamamen disari
atilmasinin miimkiin olmadigin1 géstermektedir.

Optimum su muhtevalarinda sikistirtlan  malzemelerin
gecirgenlikleri iizerinde yapilan deneylerde, A malzemesinde
3.67 x 107 cm/sn, B malzemesinde ise 3.76 x 10" cm/sn olarak
bulunmustur. Bu sonuglar, A malzemesinin gegirimliliginin
¢ok diisiik, B malzemesinin ise pratik olarak gegirimsiz
oldugunu ortaya koymaktadir. Permeabilite katsayilarmin
dikkate alinmastyla, A malzemesinin mansap, B malzemesinin
ise memba kismina yerlestirilmesi, baraj gévde dolgusunun
diisiik permeabilite degerine sahip olmasini saglayacaktir.

Serbest basing deneyleri, sikistirma su muhtevasinin optimum,
optimumun 1slak ve kuru tarafinda uygulandiginda,
malzemelerin su muhtevalart arttikga serbest basing
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mukavemet degerlerinin azaldigimm1 ve eksenel sekil
degistirmenin  arttigim1  gostermektedir.  Kompaksiyon
egrilerinin kuru tarafinda sikistirilan numuneler, 1slak tarafta
sikistirilanlardan daha yiiksek drenajsiz kayma mukavemeti
degerlerine sahip olmaktadir. Bu durum, malzemelerin serbest
basing mukavemetlerinin kompaksiyon su muhtevalar ile
dogrudan iliskili oldugunu ortaya koymaktadir.

Ug eksenli deneyler sonucunda, her iki numunede gé¢me
meydana geldikten sonra bile uygulanan yiikii tasimaya devam
ettikleri ve egrilerin bi¢imlerinin birbirlerinden farkli oldugu
gozlemlenmistir. A malzemesinin kirilma anindaki kayma
mukavemeti parametre degerleri, B malzemesine gore daha
yiiksek bulunmustur. Bu durum, A malzemesinin daha saglam
ve sert bir yapt kazanmasindan kaynaklanmaktadir.
Malzemelerin igsel siirtiinme agis1 ve kohezyon degerleri de
bu bulgular desteklemektedir.

Kesme deneyleri, her iki malzemede yiik artig1 ile orantili
olarak kesme kuvveti degerlerinin arttigin1 gostermektedir.
Yiik arttikca, numuneler diisey yonde daha iyi yerlesmekte ve
dolayisiyla kesme kuvvetlerine karsi gosterilen direngleri
artmaktadir. Malzemelerin kesme gerilmeleri ile eksenel yer
degisimleri arasindaki iliskiler benzesim gostermekte, ancak
kirllma anindaki kayma gerilmeleri A malzemesinde B
malzemesine gore daha yiiksek ¢ikmaktadir. Bu durum, dolgu
malzemelerinin i¢ yapisina ve minerolojik 6zelliklerine baglh
olarak agiklanabilir.

Konsolidasyon deneyleri sonucunda, A malzemesinde en
biiyiikk oturma, optimum su muhtevasinin %2 kuru tarafinda
sikistirllmis numunede  %0.025  iken, optimum su
muhtevasinda ve %2 islak tarafinda hazirlanan numunelerde
%0.001 civarindadir. B malzemesinde ise en biiyiik oturma,
optimum %2 1slak tarafinda sikistirilmig numunede %0.03,
optimumda %0.02 ve %2 kuru tarafinda %0.01 civarindadir.
Konsolidasyon siiresine iligkin  diisey konsolidasyon
katsayilar1 (Cv), A malzemesinde 0.005-0.053 cm?*dak
araliginda, B malzemesinde ise 0.002-0.194 cm?/dak arasinda
degismektedir.

Her iki malzeme igin optimum su muhtevasimim %2 1slak
tarafinda sikistirllmis numunelerdeki bosluk oran1 (e)
degerleri, optimum su  muhtevasinda  sikistirilmig
numunelerdeki bosluk orani degerlerinden belirgin sekilde
yiiksektir. A malzemesi numunelerinin konsolidasyonunu
tamamlama siiresi yaklagik 1440 dakika iken, B malzemesi
numunelerinde bu siire 1500 ile 3100 dakika arasinda
degismektedir. Bu durum, B malzemesinin diisiik gecirgenligi
ve yiksek plastisiteli yapisindan kaynaklanmaktadir.
Konsolidasyon deneyleri, A ve B malzemelerinin farkli
stkisma ve oturma karakteristiklerine sahip oldugunu
gOstermistir. A malzemesi daha hizli konsolidasyon siireci
sergilerken, B malzemesi daha yavag ve uzun siireli
konsolidasyon davranis1 gostermistir.

Sonu¢ olarak, Hamzadere Baraji’nda kullanilacak dolgu
malzemelerinin 1slanma ile ¢okebilen tirden olmadigi, A
malzemesinin optimum su muhtevasinin %2 kuru tarafinda
hazirlanan numunesinde gerilme seviyesinin 0.90 kg/cm?
altinda, B malzemesinin ise 2 kg/cm?’den daha az olmasi
durumunda sisme olayma yol agtigi gozlemlenmistir. Bu
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bulgular, barajin giivenli ve dayanikli bir sekilde inga edilmesi
icin gerekli olan geoteknik bilgileri saglamakta olup
Hamzadere Baraji govdesinde kullanilacak malzemelerin
mithendislik davranisglarinin - dolgu tasariminda  dikkate
almmasi gerektigini ortaya koymaktadir.

Sisme potansiyeli analizleri, her iki malzemenin de belirli
gerilme kosullar1 altinda sisme egilimi gosterebilecegini
ortaya koymustur. Bu durum, dolgu malzemelerinin se¢imi ve
yerlestirilmesinde dikkat edilmesi gereken Onemli bir
parametre olarak degerlendirilmistir.

Sonug olarak, ¢aligma kapsaminda incelenen A ve B dolgu
malzemeleri, Hamzadere Baraji'nin ingaatinda kullanilabilir
nitelikte bulunmustur. Ancak, her bir malzemenin kendine
6zgii mekanik ve hidrolik 6zellikleri dikkate alinarak, barajin
memba ve mansap kisimlarina yerlestirilmesinde optimize bir
yaklasim benimsenmelidir. Ozellikle B malzemesinin diisiik
gecirgenligi ve A malzemesinin mekanik dayanimi, dolgu
tasariminda stratejik olarak degerlendirilmelidir.
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Abstract: Anovel Liénard oscillator design incorporating a bridge rectifier with an R-L-C output filter and negative resistance converter
is presented. The bridge rectifier exhibits memristive behavior and provides the even nonlinear resistance required for Liénard
oscillation in the periodic steady state. The circuit's mathematical model, including state-space equations and analysis of its nonlinear
characteristics, is developed. LTSpice simulations demonstrate that at higher frequencies, the memristive bridge functions as a
nonlinear resistor, enabling the circuit to operate as a Liénard oscillator. The simulation results show periodic waveforms and limit
cycles characteristic of Liénard systems, though with notable deviations from ideal sinusoidal behavior due to the Schottky diodes'
threshold effects and second harmonic generation. While the proposed oscillator has more state variables than traditional two-variable
Liénard systems, it successfully achieves sustained oscillations using readily available components: Schottky diodes, passive elements,
and an operational amplifier. The circuit's behavior is analyzed through voltage-current characteristics, limit cycles, and phase portraits,
confirming its operation as a Liénard-type oscillator. This work opens new possibilities for implementing Liénard oscillators using
semiconductor elements and suggests directions for future research in parametric analysis and analytical solutions.

Keywords: Liénard Oscillator, Schottky Diode Bridge Rectifier; R-L-C Filter, Limit Cycle, Circuit Dynamics.

Memristif Képrii Dogrultuculu Bir Liénard Osilatér Devresi

Oz Bu ¢alismada koprii dogrultucu ve R-L-C ¢ikis filtresi ile negatif direng doniistiiriicii iceren yeni bir Liénard osilator tasarimi
onerilmigtir. Koprii dogrultucu, memristif davranig sergilemekte ve periyodik kararli durumda Liénard salinimi i¢in gerekli olan ¢ift
dogrusal olmayan direnci saglamaktadir. Devrenin matematiksel modeli, durum-uzay denklemleri ve dogrusal olmayan 6zelliklerinin
analizi dahil olmak tizere gelistirilmistir. LTSpice simiilasyonlari, daha yiiksek frekanslarda memristif kopriiniin dogrusal olmayan bir
direng olarak islev gordiigiinii ve devrenin bir Liénard osilatorii olarak ¢alismasini sagladigini gostermektedir. Simiilasyon sonuglari,
Liénard sistemlerine 6zgii periyodik dalga formlar1 ve limit dongiileri gostermektedir, ancak Shottky diyotlarinin esik etkileri ve ikinci
harmonik iiretimi nedeniyle ideal siniizoidal davranistan kayda deger sapmalar goriilmektedir. Onerilen osilator, geleneksel iki
degiskenli Liénard sistemlerinden daha fazla durum degiskenine sahip olmasina ragmen, kolayca temin edilebilen bilesenler kullanarak
(Schottky diyotlari, pasif elemanlar ve bir islemsel yiikselteg) siirekli salinimlari basariyla elde etmektedir. Devrenin davranisi, gerilim-
akim karakteristikleri, limit dongiileri ve faz portreleri araciligiyla analiz edilmis, Liénard tipi bir osilatdr olarak calistigt
dogrulanmistir. Bu ¢alisma, Liénard osilatorlerinin yari iletken elemanlar kullanilarak uygulanmasi i¢in yeni olanaklar sunmakta ve
parametrik analiz ve analitik ¢6ziimler konusunda gelecekteki arastirmalar igin farkli bakis agilart nermektedir.

Anahtar kelimeler: Liénard Osilatorii, Schottky Diyot Koprii Dogrultucu, R-L-C Filtresi, Limit Dongiisti, Devre Dinamikleri
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1. Introduction

The Van Der Pol Oscillator (VDPO), first created in 1920 with
a triode vacuum tube, is a well-known and extensively studied
oscillator [1]. The stable oscillations discovered in the triode
circuit are known as relaxation oscillations, a concept
introduced by Van der Pol [2]. This circuit also demonstrates
frequency de-multiplication, an example of deterministic
chaos [3]. The discovery of this oscillator significantly
contributed to the development of nonlinear oscillator theory
[4]. French physicist Alfred-Marie Liénard introduced
equations to model oscillating circuits [5]. The Van der Pol
Oscillator is described by the Van der Pol equation, which is a
special case of the Liénard equations. Many studies have been
conducted on the Liénard Oscillator and Liénard equations,
which have been applied across diverse fields such as
electronic oscillators, radio engineering, chemical reactions,
optoelectronic  systems, lasers, predator-prey studies,
population studies, biological studies, and vibration modeling
[6-9]. The dynamics of coupled Van der Pol oscillators are
commonly studied [10-12]. The synchronization of such
oscillators is an important research area in natural sciences and
engineering [13-19]. Van der Pol or Liénard’s oscillators are
used to examine chaos phenomenon [20-24].

Although semiconductor circuit elements were not available
when these oscillators were first developed, modern Liénard
Oscillators can be built using various semiconductor
components [25-27]. For instance, an optoelectronic
integrated circuit with a resonant tunneling diode and an
optical communications laser diode operates as a voltage-
controlled oscillator as described by Liénard’s equation [25].
The nonlinear memristor element can also be used in Liénard
systems, exhibiting complex behaviors such as hidden
attractors and mixed-mode oscillations [11]. A reverse-parallel
Schottky diode array-based VDPO has been developed, with
its differential equation and waveforms examined through
simulations using Simulink and LTspice programs [27]. In
[28], a Liénard Oscillator which makes use of a Chua diode
combining of a JFET and Schottky diode bridge has been
made, and it was shown to behave as a Liénard Oscillator
analytically and with simulations. In [29], it is shown that a
cheap microcontroller such as Arduino Nano Klon V3.0 can be
used to make a Liénard Oscillator.

Memristors are newly found nonlinear circuit elements [30-
32]. Nonlinear resistors with a state-variable dependency are
also called memristive systems [33]. Memristors have specific
features known as the three fingerprints [33, 34]. Memristor
can be used in oscillators [35, 36]. Most of the memristor-
based oscillators studies are of chaotic nature [35, 37, 38].
Since it has been claimed that the memristor-based Liénard
systems or oscillators show very rich dynamics [39], it is
imperative to examine them. For example, in [40], it has been
shown that a Liénard Oscillator with a memristor emulator
with a cubic characteristic shows mixed-mode oscillations
with simulations and experiments. In [41], it has been shown
that, in some of its operation region, a rectifier with an R-L-C
circuit at its output behaves as if a memristive system. Corinto
and Ascoli [41] demonstrated that the electronic system they
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designed using only passive components behaved like a
memristor. They showed through PSpice simulations that an
RLC filter circuit powered by a full-wave rectifier exhibited
memristive properties and should have a pinched hysteresis
curve with zero-crossing. Inspired by this study, other
researchers used an RC filter instead of an RLC filter to obtain
a hysteresis curve with fewer circuit elements, and they used
such an emulator in the construction of a chaos circuit [42].
The memristive circuit given in [41] can also provide an even
memristance function in the periodic steady state. In the
literature, this property has not been used to make a Liénard
Oscillator yet. In this study, a rectifier with an R-L-C circuit at
its output has been used to make a Liénard Oscillator for the
first time in the literature. Its analytical model has been given.
The simulations and the experimental results have been used
to prove that the rectifier-based oscillator circuit operates as a
Liénard oscillator in the steady-state. In [43], it has been
shown that two anti-parallel memristors sold in the market [44]
can be employed to make a Liénard Oscillator. since it
provides an even memristance function in the periodic steady
state. A rectifier is shown to behave as a time-variant nonlinear
resistor or as a memristor in some of its operation region, its
state-space equations are given, and simulation and
experimental results of proof of concept are given in [41]. The
bridge rectifier has also been used to make chaotic generators
[42]. Employing the memristive bridge is cheaper than using
two memristors in an application [45]. Such a circuit can also
provide an even memristance function in the periodic steady
state. To the best of our knowledge, such a bridge rectifier has
not been used to make a non-chaotic oscillator or a Liénard
Oscillator yet.

In this study, the nonlinear circuit element required for the
Liénard Oscillator is made by connecting a rectifier-based
nonlinear resistor, a negative resistance converter, an inductor,
and a capacitor in parallel. This Liénard Oscillator is
implemented with off-the shelves components. The circuit
uses a diode bridge rectifier, 4 LTI resistors, 2 LTI inductors, 2
LTI capacitors, and an op-amp. In this study, it is also to be
shown that the diode bridge with an R-L-C filter has a
nonlinear resistance function, which is an even function in the
steady-state, and allows the circuit to operate as a Liénard
Oscillator. The state-space equations of the Liénard Oscillator
are given, and its simulations are made in LTSpice design
program.

This study is organized in the following order. In the second
section, basic information on Liénard Equation and Liénard
Systems is given, the new Liénard Oscillator circuit topology
is introduced, its operation principles are explained, and its
dynamic model is given. In the third section, the simulation
results of the circuit obtained with a SPICE based circuit
design program are presented, and it is proven that this
oscillator is a Liénard-like oscillator using circuit simulations.
The paper concludes with the last section.

2. Generic Liénard Oscillator Circuit and the Bridge
Rectifier-Based Liénard Oscillator

In this section, the generic Liénard Oscillator is firstly
summarized, and then the Liénard Oscillator circuit proposed
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in this study is introduced. A Liénard Oscillator is made of a
nonlinear resistor that may take negative and positive values,
a capacitor, and an inductor. The structure of its nonlinear
resistor and the new oscillator are explained in the following
subsections. The circuit of the generic Liénard Oscillator
circuit is shown in Figure 1 [27].

i é ;l le i
j -
=7

Figure 1. The generic Liénard Oscillator [27]

2.1. The Negative Resistance Converter Circuit

Negative impedance or negative resistance converter refers to
circuits used to create negative resistance. The op-amp-based
negative resistance converter employing three resistors, R, Rz,
and Rs, used in this study is shown in Figure 2. Based on the
theoretical perspective:

The input current of the negative resistance converter circuit is
given as

Ry
RiR3

v(t) (M

iNeg =gyv(t) = —

If R3 = R, this current turns into

t
iNeg =gyv(t) = _%1) 2

The conductance of the negative resistance converter is given
as

R, 1

TRR R ®

In = 1J(t)/iNeg =

The negative resistance converter is a key to sustaining
oscillations by compensating for losses in the LC tank circuit
so that it is appropriate to use that an operational amplifier. It
should be added to the circuit in parallel with the LC tank
circuit for compensation of losses.

R3
/‘/\

f'A\\Vs
\o— c
— £
il R1 :[
/“_ _/F/
o
>
R2

Figure 2. A schematic for an op-amp based negative
resistance converter circuit proposed and used in the
Liénard Oscillator
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2.2. Memristive-Model of the Rectifier with R-L-C Load

In this section, the memristive model of a rectifier presented in
[41] is summarized. The rectifier circuit is with
R-L-C filter shown in Figure 3. Such a circuit behaves as a
memristive system [41], and its equations are given as follows.
In this circuit, V, is the source voltage and I, is the
instantaneous rectifier input current. In Figure 3, all the diodes,
D1-D4, are chosen as 1N5817, a Schottky diode, which has
practically the voltage drop of ~0.45V.

—_—

C:) . 04%\‘81 bt

AAAS
D3 A 4+ v, -
FullWaveBridgeRec D2 |c'l
*

cf Ve, R§

\||—

Figure 3. The Rectifier circuit with RLC filter

The source current, which is the same as the rectifier current,
can be expressed as:

v,
— g
Ig = (I, + 2I5). tanh (vaT> )

In this equation, I;,, represents the inductor current, Is is the
leakage current of the diode, Vr is the thermal voltage of the
diodes, n is the ideality factor of the diode, and Vy is the source
voltage.

Ig can be expressed as follows by applying the Taylor series
expansion of the hyperbolic tangent function in the equation
above.

lg(t) = G(Vep I Vg t)Ve(®) ®)

where (ch, I, Vg, t) represents the equivalent conductance of
the diode bridge, and it is defined as:
G(Vep Irp Vg t)
2m
$=0(2:—5T) /(2m+1)! ©)

Reolai) " /omy

= (I, + 2I5)

The state variables of the rectifier are the inductor current
I, and the capacitor voltage V¢, . The rate of change of them
are given respectively as

dhy Ve Vo
dt L¢ L¢
_2nVyp Iy +2Is
L¢ 2.1s.exp (—Vg/2nVr).cosh (Vg/2nVr)

0
)

and
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dve, I, Ve

T ®)

dt Cs RC¢

2.3. The Nonlinear Resistor of the Liénard Oscillator
Circuit

Anonlinear resistor must be used in the Liénard Oscillator. The
Liénard Oscillator examined in this study is made of the
memristive rectifier with an R-L-C load behaving as a
nonlinear resistor, whose nonlinear resistance is an even
function of voltage, and the negative resistor converter circuit
as shown in Figure 4.

R3

Jvn
4

o1

‘U1
Lf

vp

D3 D2
RZ cf R

R1

Figure 4. The nonlinear resistor circuit of the Liénard
Oscillator consisting of the bridge rectifier with the R-
L-C load and the opamp-based negative resistance
converter

Since the bridge rectifier and the negative resistance converter
are connected in parallel, the terminal equation of the Liénard
Oscillator is found as

Ing = Ig + Ineg = (G(Vep Iy Vg, t) — gn) Vg 9)
52 o(E) " /m (10)
= (1, +215) olipty) /e —gn |Vg=

2o )" /omy

9eqVg

where g, is the equivalent resistance of the nonlinear
resistor of the Liénard Oscillator and equal to

( 32-o(e) " fame \|
(I, + 21s) VZ o —9n |
\ o) /2m)! /

The resistance of the bridge rectifier can be found as

1
R(Ve, Iy, Vg t) = o
1

Vg \™ (11)
T (ﬁ) /(2m+ 1)!\'
— 9N

((If+21) —
T St s

R(ch,ILf, Vg, t) is a two variable function and it is an even
function with respect to Vg:
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R(Ve, I, Vg, t) = R(Ve, I, —Vg, t) (12)

In this circuit, it is always true; Iy, = 0.

2.4. The New Liénard Oscillator Circuit and Its State-
space Model

By incorporating this nonlinear resistance shown in Figure 4
into the generic Liénard Oscillator shown in Figure 1, the
Liénard Oscillator proposed in this study is obtained, which is
shown in Figure 5. The bridge rectifier is used to achieve the
even resistance function and the half-wave symmetry needed
in the voltage of a Liénard Oscillator.

tnr

R1

InegR3

Vn

u1l

vp

R2

Vg

Lt

cf

The complete nonlinear resistor circuit used in this study

Figure 5. The bridge rectifier-based Liénard Oscillator
rectifier

If Kirchoff's Current Law is used for this oscillator:

iL+iC+iNR=0 (13)
. dvc

i +C T (G(Vep I, ve, t) — gn)ve = 0 (14)
, dv,

i, +C T (G(Vep Inpve t) — gn)ve = 0 (15)
e L

h dt dt

2m
T oL (2m+1)!
(1, + 215) °<2“ch) o
:zo(zan) /(2m)!

—gn |ve=0 (16)

The following state-space equations describe the oscillator and
its dynamics:
d?i,

i, + LC ——
1 + dt? +

A _ve )" (2m+1)!
( (I, + 21s) olay)_/eme —gN\ ve=0 (17)

2o ) " /omy
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diy _ ve
dat L (1)

dly _vc Ve

at L L 19)
2nVy ( I +21g )
L¢ 2.Is.exp (—v¢/2nVr).cosh (v¢/2nVr)
and
dve, I, V¢
—f - _f (20)

dt C¢ RC¢

Liénard's equation is expressed as

d?x

d
W+f(x)d—:+g(x)=0 (21

where x(t) is the state variable of the Liénard Oscillator, f(x)
is an even function, and g(x) is an odd function.

Considering the periodic steady state, v (t) = —v(t + T/2)
and I;,(t) = I (t + T/2), where v, is the capacitor voltage
and I, is the inductor current. In the positive half-period (0 <
t<T/2), if the bridge rectifier conductance is
G(ch, I, ve, t), then in the negative half-period (T/2 >t>
T), it becomes G(ch, I —vc,t) as stated below.

G(Vep Iy ve(t + T/2),t) = G(Ve, I, —ve(0), ) (22)

Therefore, in the steady state, the resistance of the rectifier
circuit is an even function, and this proves that the oscillator
operates as an extended Liénard Oscillator.

At high frequencies, since the bridge rectifier with R-L-C load
behaves as a nonlinear resistor with an even resistance
function, the circuit behaves as a Liénard Oscillator for high
frequencies. However, at low frequencies, it is going to show

Ustiin et al. / European J. Eng. App. Sci. 7(2), 126-134, 2024

more complex behavior. Perhaps, it is going to behave as an
extended Liénard Oscillator. Its simulation is to be carried out
in the next section.

3. Simulation of the New Liénard Oscillator

The Van der Pol equation does not have any solutions [46, 47].
However, it has some approximate solutions [48, 49]. That is
why simulations are commonly used to study it. The bridge
rectifier-based Liénard Oscillator proposed in this study shown
in Figure 5 is simulated with the LTSpice circuit design
program in this section. The circuit diagram of the Liénard
Oscillator is shown in Figure 6. The parameters used in the
simulation are given in Table 1. The values of the resistors R,
and R are taken as equal to obtain “-R,” resistance value. The
use of Schottky diodes is motivated by their common
preference in the high-speed oscillator design, owing to their
low threshold voltages and fast switching capabilities. The
IN5817 Schottky diodes and the Opamp LM741 are employed
in this work. The simulation results of the circuit are given in
Figures 7 to 15.

Table 1 Parameters of the Liénard Oscillator Circuit and
the Characteristics of Schottky Diodes

Parameter Value

C 100 uF

L 25 mH

Ry 2kQ

R, 8 kQ

R3 8 kQ

Is (Saturation Current) 31.7 pA

Rs (Series Resistance) 0.051 Q

n (Ideality Factor) 1.373

Vr (Thermal Voltage) 26 mV @ Room

Temperature.

D3 J. D1
T4 |
D4 D2 ‘

cf

e
al - . -

s | >
v +
LI Li- c ’_ e
) e = U1
- Q.

15 >
-
L, .
-2 ~R1
T 15
c
> 3

.tran 0 1.2m 1m 100n
.ie V(Ve)=0.01Vv

Figure 6. LTSpice modeling of rectifier based Liénard Oscillator circuit

130



The voltage waveform of the circuit in the periodic steady
state, as shown in Figure 7, resembles an almost sinusoidal
wave. However, the peaks of the waveform are sharper
compared to those of an ideal sinusoidal wave, highlighting
the nonlinear nature of the oscillator. The circuit oscillates at
roughly 100 Hz (~100.7Hz) and the voltage has an amplitude
of 2.6 V.

3V

-3V
0ms 25ms 50ms 75ms 100 ms

Time (s)

Figure 7. The oscillator voltage in the periodic steady
state.

The current of the circuit capacitor at the periodic steady state
is not a perfect sinusoidal waveform as expected from the
voltage observed earlier in Figure 7 and the current is shown
in Figure 8.

180 mA
90 mA

omA

ic(t)

-90 mA

180 mA
oms 25ms 50 ms 75ms 100 ms
Time(s)

Figure 8. The current of the circuit capacitor at periodic
steady state

Figure 9 illustrates the impact of the Schottky diodes' threshold
voltage on the bridge rectifier's input current in the periodic
steady state. This effect manifests as zero-crossing distortion,
which is evident when the current transitions through zero. The
distortion occurs because Schottky diodes require a small
forward voltage to conduct and create a non-linear response.
This characteristic results in a slight deviation from ideal
behavior, where the current waveform exhibits a small flat or
distorted region as it changes polarity, rather than smoothly
transitioning through zero.

Ustiin et al. / European J. Eng. App. Sci. 7(2), 126-134, 2024
1.8mA
0.9mA
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Ineg )
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Time(s)

Figure 9. The input current of the bridge rectifier in the
periodic steady state.

It can be seen in Figure 10 that a large harmonic content does
exist in the equivalent nonlinear resistor current in the periodic
steady state. The diode’s ability to produce harmonic distortion
contributes to the complex non-linear behavior essential for
chaotic circuits. Due to this feature, such a circuit can also be
used as a Chua diode to build a chaotic oscillator circuit such
as the one presented in [20].

1.8mA

0.9mA

ing(t)

-0.9mA

-1.8mA
Oms 25ms 50ms 75ms 100 ms:
Time(s)

Figure 10. The current of the nonlinear resistor in the
periodic steady state.

The waveform of the inductor current, as depicted in Figure
11, deviates from an ideal sinusoidal shape in the periodic
steady state. Notably, the signal exhibits a similar
characteristic to the capacitor current shown in Figure 8.

180 mA

90 mA

i (t)
-
3
>

-90 mA

180 mA
0ms 25ms 50 ms 75ms 100ms
Time(s)

Figure 11. The current of the circuit inductor in the
periodic steady state.
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The limit cycle of the capacitor is shown in Figure 12, which
resembles an ellipse.

180 mA,

90 mA

-~
< A
5 om

-90 mA

-3V 1.5V ov 1.5V 3v
406}

Figure 12. Limit cycle of the circuit capacitor

Figure 13 illustrates the memristive rectifier’s voltage-current
relationship in the periodic steady state. The v-i curve of the
rectifier has an odd function symmetry, and it is confined to
the first and the third quadrants. The graph reveals the impact
of the Schottky diode thresholds near the origin and the
memristive behavior of the hysteresis curve of the bridge
rectifier with the R-L-C load.

1.8mA

0.9mA

ineg(t)

-0.9mA

-1.8mA
-3V 1.5V ov 1.5v 3v

V(t)

Figure 13. The V-1 characteristic of the memristor based
rectifier in the periodic steady state.

The v-i characteristic of the circuit's nonlinear resistor, as
illustrated in Figure 14, demonstrates also an odd symmetry
and shows a negative resistance feature, which is confined to
the second and fourth quadrants. Furthermore, the graph
appears to capture the influence of the diodes' threshold
voltage on the Chua diode's v-i characteristic. This effect is
discernible in the subtle nuances of the curve shown in Figure
14, adding another layer of complexity to the nonlinear
behavior of the circuit.

-0.9mA

A1.EmA
-3v 1.5V ov 15V 3v

V(t)

Figure 14. The V-1 characteristics of the nonlinear
resistor in the circuit in the periodic steady state.
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The limit cycle of the inductor in Figure 15 resembles an
ellipse as the limit cycle of the capacitor also does as in Figure
12.

180 mA

90 mA

i ()
o
3
e

-90 mA

180 mA
-3V 1.5V oV 1.5V 3v

40)
Figure 15. Limit cycle of the circuit inductor

4. Conclusion

This study presents the development of a Liénard Oscillator
incorporating a bridge rectifier and an R-L-C output filter. The
rectifier circuit exhibits memristive characteristics, and the
system's mathematical model has been formulated. LTSpice
simulations were employed to analyze the oscillator's
behavior, yielding limit cycles, current, and voltage
waveforms. The simulation results demonstrate that the
proposed circuit functions as a Liénard Oscillator, evidenced
by its periodic waveforms and limit cycles.

At low oscillation frequencies such as 100 Hz, the memristive
bridge acts as a nonlinear resistor, enabling the circuit to
operate as a Liénard Oscillator. The memristive bridge rectifier
is shown to provide the even nonlinear resistance necessary for
a Liénard Oscillator in the periodic steady state. However, it's
noted that this oscillator possesses more than two state
variables, unlike the traditional two-variable Liénard system.
The nonlinear capacitive junction currents may also need to be
included in the oscillator model for accuracy in high frequency
operation and we suggest it as future work.

This design opens possibilities for future variants using
different semiconductor elements. While most Liénard
oscillators lack exact analytical solutions, future research
could also explore series or approximate solutions for this
system. Additionally, a parametric study examining how
circuit elements affect oscillator frequency could expand on
the current simulations, though such investigations were
beyond the scope of this work due to space limitations.
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Abstract: The complex masses of data that have emerged with increasing data generation and storage have increased the need for
computers and software with more advanced computing capabilities to process this data. However, extracting meaningful information
from complex data remains a challenge. Data mining, particularly in collaboration with artificial intelligence algorithms, works to
uncover intricate relationships within data. One of the complex problems to be solved is guiding high school students toward university
departments that will optimize their performance. This study investigates the factors influencing the university department preferences
of vocational high school information technology students and graduates in the field of computer science. Unlike previous research,
has typically focused on academic performance and current educational contexts, this study explores the connections among students'
past educational experiences, preferences, habits, and hobbies, tracing these back to primary and secondary education. As a case study,
the research centers on the computer engineering department, revealing that students who wish to study or are studying computer
engineering show a greater interest in activities related to design and game development, have a preference for the C# programming
language, and exhibit a particular interest in chemistry, while demonstrating less affinity for street games. These findings underscore
the relationship between students' higher education preferences in computer science and their prior learning experiences and social
preferences, offering deeper insights into the decision-making process.

Keywords: Artificial intelligence, Association rules, Career, Data mining, University department choice.

Meslek Lisesi Bilisim Programinda Universite Boliim Tercihini Etkileyen Faktorlerin Birliktelik Kural ile
Analizi

Oz Artan veri iiretimi ve depolamasiyla birlikte ortaya ¢ikan karmasik veri yigimlari, bu verilerin islenmesi icin daha gelismis
hesaplama yeteneklerine sahip bilgisayarlar ve yazilimlara olan ihtiyaci artirdi. Ancak, karmasik verilerden anlamli bilgiler ¢ikarmak
hala bir zorluktur. Veri madenciligi bilimi, 6zellikle yapay zeka algoritmalart ile is birligi i¢inde, verilerdeki karmasik iligkileri ortaya
cikarmak i¢in galigmaktadir. Coziilmesi gereken karmasik sorunlardan biri de lise dgrencilerinin {iniversitede en yiiksek verimi
saglayacak boliime yodnlendirilmesidir. Bu ¢alisma, meslek lisesi bilisim teknolojileri 6grencilerinin ve mezunlarinin bilgisayar
bilimleri alanindaki iiniversite boliim tercihlerini etkileyen faktorleri arastirmaktadir. Genellikle akademik performans ve mevcut
egitim baglamlarina odaklanan onceki aragtirmalardan farkli olarak bu caligma, 6grencilerin gegmis egitim deneyimleri, tercihleri,
aligkanliklart ve hobileri arasindaki baglantilari ilk ve orta dgretime kadar izleyerek arastirmaktadir. Bir vaka calismasi olarak
bilgisayar miihendisligi boliimiine odaklanan aragtirma, bilgisayar mithendisligi okumak isteyen veya okumakta olan &grencilerin
tasarim ve oyun gelistirmeyle ilgili faaliyetlere daha fazla ilgi gosterdigini, C# programlama dilini tercih ettigini ve kimyaya 6zel bir
ilgi gosterirken sokak oyunlarma daha az yakinlik gosterdigini ortaya koymaktadir. Bu bulgular, 6grencilerin bilgisayar bilimleri
alanindaki yiiksek 6grenim tercihleri ile 6nceki 6grenme deneyimleri ve sosyal tercihleri arasindaki iligkinin altini ¢izmekte ve karar
verme siirecine dair daha derin bilgiler sunmaktadir.

Anahtar kelimeler: Birliktelik kurallar, Kariyer, Universite boliim tercihi, Veri madenciligi, Yapay zeka.
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1. Introduction

Vocational high schools are a type of secondary education
institution. These schools provide practical training rather than
theoretical knowledge and aim to produce skilled workers in
various professional fields. Vocational high schools enable
students to acquire basic knowledge and skills in a specific
occupational field and offer options for both direct
participation in the labor force and university transition.
Students attending Vocational and Technical Anatolian High
Schools (Mesleki ve Teknik Anadolu Liseleri-MTAL) take all
the cultural subjects like those in other high schools, while also
receiving vocational education related to their chosen field.
Vocational high schools enhance students' chances of finding
employment by offering practical training and providing
opportunities for professional experience through internships.
Vocational high schools increase students' chances of finding
a job by providing opportunities for professional experience
through practical training and internships. In addition, students
are also provided with advantages such as being insured
according to the social security requirements that are
compulsory during the internship and increasing the additional
points and multiplier coefficient when they apply to associate
degree programs in their fields after graduating from
vocational high schools. In addition, focusing intensely on
vocational courses can lower students’ university exam
performance, and the limited number of academic courses can
leave students inadequately prepared. On the other hand,
vocational high schools aim to provide students with practical
knowledge and skills in a specific occupational field.
Vocational high schools are designed to provide students with
the necessary skills for direct entry into business life and to
contribute to the qualified labor force in specific sectors.
Accordingly, academic courses have a supporting role in
vocational high schools and the focus is on vocational
education. Therefore, the aim of vocational high schools is to
focus intensively on vocational courses. These schools aim to
provide vocational specialization rather than university
preparation; therefore, exam success is not the primary goal of
these schools. Previously, companies were reluctant to employ
uninsured interns and were unwilling to cover internship
insurance costs, leading to difficulties in accepting interns and
limiting the number of available placements. This situation
made it challenging for students to secure internship positions.
To address this issue, the government began covering students'
insurance costs during internships, allowing students to gain
work experience under social security protection and
insurance coverage against workplace accidents, while
companies were able to employ interns without incurring
additional expenses. The rationale behind awarding extra
points is that, in Turkey, vocational high schools have fewer
academic courses geared toward university entrance exams,
which hinders students' preparation for these exams. As a
result, many students prefer high schools with a more
comprehensive academic curriculum, such as Anatolian high
schools, which significantly reduces the preference for
vocational schools and makes it difficult for these schools to
attract students. In response to the demand for mid-level
professionals supplied by vocational high school graduates,
the institution responsible for the student selection and
placement exams has introduced incentives, such as additional
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points and increased multipliers, to encourage enrollment in
vocational schools.

Data mining techniques allow educational institutions to
forecast student performance and discern correlations between
attributes [1]. In recent years, the development of data mining
techniques has enabled the creation of more detailed student
models, capable of representing and detecting a broader range
of student behaviours than was previously feasible [2].

Young people often make the most important and critical
decisions of their lives during their high school years. They
shape their careers based on the courses they take and the
choices they make during this period. The decisions they make
can have lifelong consequences. Career choice is one of the
significant events that affects a person’s life. The process of
career planning encompasses a number of key elements,
including the determination of career direction and goal, the
selection of an appropriate career path, and the formulation of
an effective educational plan [3]. When an individual chooses
a profession, they also determine a lifestyle and work
environment that suits them [4]. A study by Kurt & Fidan [5]
revealed that students at a state university often make
significant decisions based on short-term considerations,
leading to dissatisfaction with their education and career
prospects. The researchers recommend that universities
prioritize practical training, expand internship opportunities,
and support social and career development activities to
enhance graduates’ employability. They also emphasize the
importance of providing career counseling and educational
support, as well as collecting feedback from graduates and
industry professionals to improve university programs.

As technology advances, students are required to equip
themselves with new knowledge in various fields. With the
growing prevalence of electronics and computers in industry,
there is a significant need for well-trained individuals with
high cognitive skills, not only in the usage but also in the
production and maintenance stages. MTAL serve as
foundational institutions where students first encounter
computer science, just as they do for many other fields. In
these schools, students explore the deeper workings of
computers, going beyond their everyday uses. While some
students continue their education in higher institutions or
pursue careers in the information technology field after
graduation, others may choose different professions that they
find more suitable.

This study analyzes which informatics or other departments
students in the informatics programs of vocational and
technical high schools prefer for their university education
after their training, and the factors influencing these choices,
using association rules from data mining methods.
Additionally, the post-secondary process is examined through
the experiences of graduates.

1.1. Related Works

Previous studies have highlighted various factors influencing
university students’ career choices. For instance, [4] conducted
a study at Ege University and found that 41.6% of students
chose their profession due to positive opinions about the field,
while 34.4% felt compelled by a lack of alternatives, and
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39.6% believed the profession offered certain advantages.
Additionally, 33.5% were influenced by recommendations
from others. These findings underscore the complexity of
career decision-making processes among students, influenced
by personal preferences, external pressures, and perceived
benefits.

Wang et al. [6] examined the factors influencing student
academic performance by applying association rule mining to
analyze student behavioral data. The study found that factors
such as consumption level, breakfast frequency, daily online
hours, canteen meal frequency, and book borrowing amounts
impacted student performance. For instance, low consumption
level and high breakfast frequency were found to be associated
with good academic performance. While Wang et al. identified
behavioral factors affecting academic performance, this study
aims to address the issue in a more comprehensive manner by
examining the role of both academic habits and extracurricular
interests in students' decisions regarding their chosen field of
study. Our study attempts to address the issue more thoroughly
by investigating the role of both academic habits and
extracurricular interests in students' decisions regarding their
chosen field of study, even though Wang et al. identified
behavioral factors affecting academic performance.

Wang & Bai [7] used the Apriori algorithm to explore factors
influencing university students' career choices. Their analysis
revealed significant relationships between students'
educational attributes and employment decisions. The study
concluded that this method improved the accuracy of career
guidance by reducing errors and enhancing data mining
efficiency, helping to better prepare students for the job
market.

Saa [8] explored the relationship between students' personal
and social factors and their academic performance. Using data
from Ajman University, the study applied data mining
techniques like Naive Bayes and decision trees to predict
students' GPA. The results showed that both personal and
social factors, along with academic efforts, significantly
impact performance. The research highlights the value of
regularly analyzing student data to benefit both universities
and students.

Kim et al. [9] analyzed students' online class preferences based
on gender and school levels using the Apriori algorithm. The
study revealed that female students generally preferred hands-
on, maker-based classes, where they could engage in creative
projects using digital tools, while male students showed a
stronger preference for virtual experience-based classes,
where they could interact with virtual environments for
learning. These findings highlight the importance of offering
personalized learning environments that align with students'
interests and learning styles. The research suggests that
identifying such preferences can help guide students towards
the right academic paths, improving both engagement and
educational outcomes.

Sodanil et al. [10] aimed to investigate the factors affecting
career path selection of students studying in the field of
information technology. They utilized an association rule
mining approach to analyze students' grades in 25 core
courses. The study identified 14 association rules that
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potentially influence students' career path choices. These rules
can be used to identify factors affecting career path selection
and guide students.

The authors [11] analyzed the relationships between users'
interests, professional skills and career backgrounds using a
large sample of LinkedIn profiles with the aim of investigating
their influence on career alignment. The study demonstrated
that association rules between interests and skills mirror users'
career alignment, and it proposed an association rule-based
classifier for career alignment. While Si et al. examined
individuals' historical interests, including past hobbies or
preferred activities, our study aims to ascertain influential
factors in selecting a specific university department by
analyzing both past habits and the comprehensive scope of
academic life.

In a study published in 2023 [12], developed a model for
recommending appropriate elective courses to students using
the Apriori algorithm and association rule mining. The study
revealed several challenges, including students' limited ability
to comprehend the relationship between elective courses and
potential career pathways, their difficulty in identifying the
skills that can be acquired through these courses, and their lack
of sufficient knowledge about the range of career options
available to them.

Ahmed et al. [13]using the academic data of 582 students from
the Department of Computer Science and Engineering of
Bangladesh University of Engineering and Technology, aimed
to reveal the hidden information that affects factors such as
student performance and retention/retention by association
rule mining. In the study, a dataset containing data such as
students' personal information, course grades and attendance
was analyzed using the Apriori algorithm. The results showed
that there are relationships between gender, dormitory
residence status and courses taken that affect student
achievement. Similarly, students' previous academic
experiences and social characteristics could be investigated by
extracting attributes associated with their behavior in dropping
out of their university programs.

Mashiloane's [14] research involved the analysis of data from
first-year computer science students using the Apriori
algorithm to identify the optimal combinations of courses that
would best support students in both computer science 1 and
mathematics 1. His findings revealed a notable correlation
between computer science 1 and various other academic fields,
including biology, chemistry, psychology, and economics.

Wang et al. [15] conducted a study in which they used a
machine learning technique called XGBoost to predict the
post-university career choice of university students. Analysing
a real-world dataset of 18,000 graduates ‘education and career
choice information, it was found that academic data such as
entrance exam score, scholarship amount and especially first
semester GPA play an important role in students’ career
choice. The XGBoost algorithm was able to predict students'
career choice with 89.1% accuracy, 85.4% recall rate and
0.872 F1 value. Although Wang et al. ‘s study shows that data
mining methods such as our study can be used on students’
career choices, our study focuses on the university department
choice of vocational high school IT department students by
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using association rules instead of classification and different
attributes are used.

In this research, a unique approach is adopted by incorporating
factors like students' favorite street games, subjects they
enjoyed during primary and secondary education, personal
hobbies, and habits, to explore their relationship with career
choices. These often-overlooked characteristics may play a
significant role in influencing career decisions.

The investigation of the factors that shape students' career
decisions represents a pivotal area of inquiry within the field
of education. Studies have sought to identify effective factors
and determine career choice by examining students' habits and
academic performance in their existing educational contexts,
using data mining techniques. This study differs from the
existing literature in that it examines the impact of students'
social and emotional choices, interests, and habits in their
previous educational experiences, as well as their academic
interests and childhood habits in a holistic manner, on their
career choice using association rules.

e This study contributes to the existing literature in the
following ways:

e This study addresses a gap in the existing literature by
evaluating how students' past educational experiences and
social and emotional preferences influence their choice of
university department.

e In this study, a dataset containing 20 attributes collected
through a survey was used and more and different
attributes were included in the analysis compared to
previous studies.

e This study contributes to career guidance research by
examining how habits and previous academic experiences
influence students' academic interests and career choices.

2. Materials and Methods

Our study, which examines the factors influencing student
career choices, utilizes association rules to analyze the factors
that affect student behavior in making career decisions.
Association rules are a used method in the literature for
understanding student behavior [6].

In this study, a survey was conducted with the participation of
current students and graduates from the Information
Technology department of a MTAL. Approximately 200
individuals took part in the survey. The data collected from the
survey were analyzed using the "Apriori Algorithm" as part of
the "Association Rules Analysis," one of the techniques in data
mining.

2.1 Data Set

The dataset for this study was collected from responses to a
20-question online survey distributed to 217 current and
former students of a MTAL in Istanbul. To collect the data, in-
class announcements were made, and the survey link was
shared in online student groups. The variables in the dataset
were determined after discussions and consultations regarding
potentially influential characteristics. Association rule mining
was used to analyze and compare survey responses, creating
models related to university program preferences of MTAL
students and graduates. Since standardized scales were not
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used in the survey, reliability and validity analyses were not
conducted.

The dataset includes responses from a total of 118 high school
students and 99 high school graduates to the administered
survey. The attributes of the dataset are detailed in Appendix
1.

The dataset comprises a total of 18 attributes. The statistical
ratios of the different values for these 18 attributes can be
calculated across the entire dataset. Prior to performing these
calculations, the records are standardized to ensure
consistency, categorized appropriately, and formatted for
analysis. Subsequently, the analysis of these standardized
records will be conducted using the Apriori algorithm
implemented in R Studio.

The Apriori algorithm is characterized by its ability to identify
recurring patterns and is used to uncover frequent itemsets in
databases containing various types of information [16].

These algorithms perform multiple scans over the entire
dataset to detect large itemsets. During the first scan, the
support value of each item is calculated and compared against
the minimum support threshold defined by the user. It is then
determined whether each item’s support value meets or
exceeds this threshold. In subsequent scans, new itemsets are
generated from the data that exceeded the support count in the
previous scan. These itemsets are referred to as candidate
itemsets. In each subsequent scan, the support values of the
itemsets are recalculated, starting from the candidate itemsets
determined in the previous scan, until the final combination of
items in the database is reached. This process continues until
no new candidate itemsets are found [17].

Agrawal & Srikant [18] have described the working principle
and pseudo-code of the Apriori algorithm as follows:

e During the first scan of the data, all items are counted to
find large itemsets.

e The next scan, let it be the k-th scan, consists of two
steps:

o Using the Apriori-gen function, candidate itemsets ( Cy,)
are generated with the itemsets Lg_q} obtained in the
(k — 1)-th scan.

e Then, the database is scanned to count the support of the
candidates in ( Cy).

e For a fast count, it is necessary to accurately determine
the candidates forming ( C;) in a given transaction.

One of the traditional applications of the Apriori algorithm is
to identify and define relationships between products sold in
markets. Similarly, it can be utilized by manufacturers to
optimize products or goods that are consumed or whose stock
levels are declining in warehouse systems. Arranging products
that are transported together on nearby shelves can reduce
warechouse movements and transportation costs. This method
can provide benefits such as preparing high-probability
ordered items in cafes and restaurants in advance or grouping
related products together in the menu.

In this study, the relationship between the vocational fields of
MTAL students in the information technology departments,
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their preferred university departments, and the courses,
hobbies, and habits they are interested in has been revealed
using association rule analysis, a data mining method, and the
Apriori algorithm.

The primary focus of traditional statistical methods is not on
uncovering associations or co-occurrences within data sets.
Association rule mining algorithms, on the other hand, are
firmly situated within the field of data mining, despite their
mathematical and statistical underpinnings. This is due to their
emphasis on identifying co-occurring patterns and their
confidence levels. These methods have been changed to data
mining extract meaningful associations and their support
values from data, a task that is generally beyond the scope of
traditional statistical approaches.

3. Research and Findings

Initially, the dataset was tested using R Studio with the
inclusion of libraries specific to the Apriori algorithm. Based
on the rules obtained, the top 100 rules with high reliability
were listed. No filtering was applied and no attributes were
selected during the rule calculation process. The initial 100
rules generally consisted of binary rules. As the number of
attributes included in a rule increases, the probability of co-
occurrence decreases. Correspondingly, the confidence values
of associations with low co-occurrence probabilities also
decrease. The fundamental parameters of the Apriori
algorithm are support and confidence values. The total number
of rules discovered before determining the support and
confidence values was calculated to be 8663. The first 10
values of the 100 rules mentioned in Table 1 are listed.

Table 1 The top 10 rules with the highest confidence

Connected Sup.

Rule No Connected Column 1 Column 2 Ratio Conf.
Is there a

1 Typ e_of software computer at 12% 96%

liked=Compiler software .

home=Yes

2 Hobby=Reading books  iK¢S doing 13%  93%
puzzles=Yes

3 Hobby=Reading books  Is patient=Yes 12% 90%

_ . Likes regular o N

4 Hobby=Reading books life=Yes 13% 93%
Is there a

5 Hobby=Reading books  computer at 13% 93%
home=Yes

Favorite science Is a university
6 subicct=Physics student or 11% 83%
) Yy graduate=No

Favorite science

= 0, 0,
7 subject=Physics Gender=Male 12% 90%
Favorite science Is there a family
8 b oot Phuaic member working 12%  86%
) Y in IT=No
Is there a

Favorite science o N
9 subject=Physics computer at 11% 83%

home=Yes
Desired university .
10 department=Computer Isa hlgh_SChOOI 14% 100%
. . graduate=No
Engineering

Continuing with the study, five popular university departments
in the field of information technology were selected, and
filtering was applied to the data for re-analysis. The selected
programs are as follows: Computer Engineering, Computer
Programming, Computer Education and Instructional
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Technology, Web Design and Programming, and Software
Engineering. Considering that these programs fall within the
scope of higher education, no distinction was made between
undergraduate and graduate levels in the analysis. The
proportions of these selected departments in the dataset are
presented in Table 2.

Table 2 Distribution of Students' Preferences for
Computer Science-related Departments

Department Pilfler:-le'r(l)cfes Percentage
Computer Engineering 38 17 %
Computer Programming 20 10 %
Compur Favaon 036 tes
Web Design and Coding 20 10 %
Software Engineering 20 10 %

3.1 Association Rules for the Computer Engineering
Department

Association rules for students from Vocational and Technical
Anatolian High Schools who wish to pursue a degree in
Computer Engineering, as well as for participants who have
graduated from the department, have been identified. The
diagram of the top 4 rules with the highest confidence is
presented in Fig. 1. A total of 1,003 rules were identified for
the Computer Engineering Department, and the first four of
these rules were shown in Fig. 1.

Based on the Apriori algorithm results, we can interpret the
tendencies of students who want to study computer
engineering as follows:

Interest in design applications and all important aspects:
Students who favor design applications and consider all
aspects (such as ease of use, functionality, aesthetics)
important are highly likely to choose computer engineering.
The rule:

{Fav_Software_Type =

Design applications, Imp_Aspect = All of them} =>
{Univ_Dept Wish = Computer Engineering}

with a support of 0.0092 and a confidence of 1 suggests that

students who prioritize design and its various aspects have a
strong inclination toward this field.

kul_sev_yaz_turu=Tasarim uygulamalan uyg_hang_onemli=Hepsi

eniyibil_programlama=C#
rdiext

.
ied—» unv_ok_ist_bol=Bilgisayar Miihendisligi
sev_sok_oyunu=Higbiri . E 4 (

rule 2)

sev_sayisal_ders=Kimya

rule3

kul_sev_yaz_turu=Oyun yazilimlarn

Figure 1. Rule graph diagram for the Department of
Computer Engineering
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Chemistry and lack of outdoor games: Students who select
chemistry as their favorite science subject and do not engage
in outdoor games tend to choose computer engineering. The
rule:

{Fav_Sci_Subject = Chemistry, Fav_Outdoor_Game =
None} => {Univ_Dept_ Wish =
Computer Engineering}

shows a support of 0.0092 and confidence of 1, indicating a
clear connection between these interests and the choice of
computer engineering.

Game software interest and lack of outdoor activities: Students
who are interested in game software and do not play outdoor
games show a strong inclination toward computer engineering.
The rule:

{Fav_Software_Type
= Game softwares, Fav_Outdoor_Game = None} =
> {Univ_Dept_Wish = Computer Engineering}

with a support of 0.0138 and confidence of 1 highlights that
students with a passion for game software and minimal
outdoor activity are likely to pursue computer engineering.

{Best_Prog_Lang = C#, Fav_Outdoor_Game = None} =
> {Univ_Dept_Wish
= Computer Engineering}

The results reveal a strong association between students’
proficiency in the C# programming language and their
preference for computer engineering, especially among those
who do not participate in outdoor games. This highlights the
role of specific programming skills in shaping students’
academic choices. The mastery of C# appears to be a
significant factor influencing the decision to pursue computer
engineering, suggesting that targeted programming education
can effectively guide students towards this field.

When examining the rules for students who successfully
enrolled in and are currently studying in the computer
engineering department, it is observed that those excelling in
social sciences and chemistry and preferring design software
tend to choose this major. Additionally, female students with
strong social sciences backgrounds and family members
working in IT are more likely to prefer computer engineering.
Students who are proficient in mathematics and have an
interest in compiler software, particularly those who do not
play chess and have family members in the IT field, also show
a tendency to select this major.

When comparing the rules for students who want to study
computer engineering with those who are already studying it,
some common traits emerge. Both groups highlight students
excelling in social sciences and mathematics and having
family members in the IT field. However, students who are
currently enrolled show a more specific interest in software
types (such as design or compiler software). Additionally, the
fact that non-chess players stand out among the current
students suggests that even hobbies can influence career
choices.

It is also possible to obtain similar results for other IT
departments using the Apriori algorithm. This algorithm can
reveal valuable insights into career choices by identifying
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relationships between various factors, such as students'
academic success, software preferences, and family
backgrounds.

4. Results

This study analyzed the factors influencing the career choices
of both students who aspire to study computer engineering and
those currently enrolled in the department. The Apriori
algorithm-based analysis revealed that students' success in
social science subjects, their preferred types of software, and
familial factors play a significant role in their career choices.
Particularly, students excelling in social sciences and showing
an interest in design applications are more likely to choose
computer engineering. Moreover, students with family
members working in the IT sector and those who do not enjoy
playing chess but are interested in compiler software also tend
to select computer engineering.

For female students, success in social sciences and having
family members in the IT field were observed as key
determinants in their choice of computer engineering. For both
prospective and current students of computer engineering,
family influence, academic success, and personal interests
were found to be significant factors in their career decisions.
Similar analyses can be conducted for other IT departments
using the Apriori algorithm, and these findings can be further
expanded.

5. Discussion and Conclusion

When comparing the rules for the two groups of students, it is
observed that success in quantitative sciences (especially
chemistry and mathematics) and software preferences are
prominent for both those who wish to study computer
engineering and those already studying in the department.
However, family-related factors, particularly the presence of
family members in the IT sector, have a stronger influence on
current computer engineering students. Moreover, success in
social sciences and its effect on female students were more
decisive for the current students. In addition, it may be useful
for female students who want to study in a field related to
computer science but need encouragement to meet with family
members working in this field and benefit from their
experiences, professional lives and advice.

One distinctive aspect of this study is its focus on elements that
have been insufficiently addressed in the existing literature.
Specifically, factors such as family structure, hobbies, favorite
subjects in elementary and middle school, and social activities
have been examined for their impact on career choices. This
research is focused on individual preferences and social
contexts, with the aim of highlighting how these factors
influence career paths. The study emphasizes the significance
of personal and social influences in career decisions, thereby
contributing to a more comprehensive and enriched
understanding of the field. While previous research has often
concentrated on broader, more general factors influencing
career selection, this study offers a detailed analysis of how
personal interests and social contexts affect career decisions.
This approach provides a more in-depth and comprehensive
understanding compared to earlier studies. Future research
could benefit from repeating these analyses with larger
datasets and across different fields, which would further
enhance our understanding of these dynamics. The influence
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of peer pressure, family support, and expectations on career
choices could be examined in further research using similar
methodologies.
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Abstract: In Azerbaijan, large-scale works are currently underway to restore the once-destroyed Karabakh region through the
implementation of the popular trend of the current century, the “smart” village concept, which implies the most efficient applience of
the available resources of a region through the use of innovative construction technologies and materials, “green” energy, and
digitalization of all spheres of human life. The first smart village in Azerbaijan is Agali village. The purpose of this study is to review
scientific publications, abstracted in the Web of Science database in the category “Green sustainable scientific technologies” on the
subject of smart village and identify areas of current scientific research using the VOSviewer program, which allows to group keywords
by frequency of their occurrence in articles and determine the most refereed articles. The program grouped scientific publications into
6 clusters: applying the circular economy to smart villages; the use of renewable energy technologies for energy supply; the impact of
innovation on the quality of population life; the environmental impact of smart villages in the Chinese context; the application of
efficient management methods; and strategies for ensuring sustainable development. The identified trends in scientific research on the
development of smart villages are relevant to Azerbaijan. Some measures to achieve sustainable development of the village indicated
in the articles studied have already been implemented, and some are planned to be applied. This study's results will help specify further
necessary research on the development of smart villages in Azerbaijan.

Keywords: Sustainable development, Renewable energy sources, Circular economy, Efficient management methods, Cluster.

Web of Science Veritabam Yaymnlarindaki Akilh Koylere iliskin Giincel Bilimsel Arastirma Yonergeleri

Oz Azerbaycan'da, bir zamanlar harap olan Karabag bolgesinin, i¢inde bulundugumuz yiizyihn popiiler trendi olan ve mevcut
kaynaklarin en verimli sekilde kullanilmasini ifade eden "akilli" koy konseptinin hayata gecirilmesi yoluyla yeniden ayaga
kaldirilmasina yonelik genis ¢apli caligmalar siirdiiriilmektedir. Yenilik¢i insaat teknolojileri ve malzemelerinin kullanildigi, "yesil"
enerjinin kullanildig1 ve insan yagaminin tiim alanlariin dijitallestirildigi bir bolge. Azerbaycan'm ilk akilli kdyii Agali kdyiidiir. Bu
calismanin amacit Web of Science veritabaninda yer alan “Yesil Siirdiiriilebilir Bilimsel Teknolojiler” kategorisinde “akilli” kdy konu
alanma iliskin bilimsel yayinlar1 incelemek ve giincel bilimsel aragtirma alanlarin1 VOSviewer programi kullanarak tespit etmektir.
anahtar kelimeleri makalelerde bulunma sikliklarina gore gruplandirmak ve en soyut makaleleri belirlemek. Program bilimsel yaymlari
6 kiimede gruplandirdi: dongiisel ekonominin akilli kdylere uygulanmasi; enerji tedarigi i¢in yenilenebilir enerji teknolojilerinin
kullanilmasi; yeniligin niifusun yasam kalitesi {izerindeki etkisi; Cin baglaminda akilli kdylerin ¢evresel etkisi; verimli yonetim
yontemlerinin uygulanmasi; akilli kdylerin siirdiiriilebilir kalkinmasini saglamaya yonelik stratejiler ve stratejiler. Akilli kdylerin
gelistirilmesine yonelik bilimsel arastirmalarda belirlenen egilimler Azerbaycan'daki akilli kdylerle ilgilidir. incelenen maddelerde
belirtilen kdyiin siirdiiriilebilir kalkinmasini saglamaya yonelik bazi 6nlemler halihazirda uygulamaya konmus olup, bazilarimin da
uygulanmasi planlanmaktadir. Bu ¢aligmanin sonuglari, Azerbaycan'da “akilli” kdylerin gelistirilmesine yonelik gerekli aragtirmalarin
belirlenmesine yardimct olacaktir.

Anahtar kelimeler: Siirdiiriilebiliv kalkinma, Yenilenebilir enerji kaynaklari, Doéngiisel ekonomi, Etkin yonetim yontemleri,
Kiimelenme.
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1. Introduction

In recent decades, global urbanization has reached
unprecedented proportions, challenging modern society
regarding energy consumption, environmental sustainability,
and quality of life. In response to these challenges, smart cities
emerged, focused on using information and communication
technologies to optimize infrastructure, management, and
consumption of resources [1, 2]. However, in parallel with this
development, a smart village has become relevant, as a
sustainable settlement that integrates modern technologies
with the natural environment [3]. In Azerbaijan, large-scale
work is currently underway to restore the once-destroyed
Karabakh region through the implementation of the smart
village concept, the popular trend of the current century [4],
which means the most efficient use of the available resources
of a particular region through the use of innovative
construction technologies, materials, “green energy", and the
digitalization of all spheres of human life and infrastructure
[5]. The first pilot smart village project implemented in
Azerbaijan was Agali village (Fig. 1), rightfully considered as
the Azerbaijani analog of the global trend, and that is the first
in the post-Soviet space. The key point of the strategy for its
creation is self-sufficiency using local resources and
innovative technologies in four development areas: green
energy; energy efficiency of construction projects; intellectual
infrastructure and social services; and full employment of
residents [6].

The purpose of this study is to review scientific articles on the
“smart village” subject topic, abstracted in Web of Science
(WoS) Core Collection database and to identify current
scientific research areas using the tools of VOSviewer 1.6.20.

Figure 1. Smart Agali village, Azerbaijan, 2023,
(https://caliber.az/ print/179595)

2. Materials and Methods

To select the metadata of scientific articles from the database
WoS, the query “smart” village was used with the keyword-
sustainability [7, 8]. As a result, 319 518 documents were
received for the period 1982-2024. Fig. 2 shows a histogram
of publications over the past 10 years; the largest number of
articles were published in 2023- 38 421, and 8 736- in 2024.
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Figure 2. Distribution of the publications number of
by subject area “smart village” in WoS (2014-2024)

Fig. 3 shows publications by WoS's categories. The maximum
number of articles falls in the Environmental Science
category- 76,111. The second category is Green sustainable
scientific technologies, and the number of publications is 52
640.
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Figure 3. Distribution of the publications number of
by categories of WoS (1982-2025)

To narrow the scope of research, scientific articles for the year
2024 were identified from the total number of 319 518, and the
category Green Sustainable Scientific Technologies was
selected from the WoS Categories section. As a result, 933
publications remained. The found publications were uploaded
as a delimited file tabulation in Full record format [9]. Next, in
VOSviewer, the data type was selected- Creating a map using
bibliographic data. Then the program read the data from the
downloaded WoS file. As a type of keyword analysis, the
function of their co-occurrences in publications was chosen;
the calculation method is “Complete” [10].

From the metadata of the downloaded 933 publications
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VOSviewer identified 5717 keywords. With a minimum
number of co-occurences keywords of 12, 64 words were
involved in constructing the bibliographic map. The 20 most
frequently used keywords with the frequency of their co-
occurences and the full degree of connections are shown in
Table 1, they are mainly the terms and phrases of the authors
themselves [11]. The most frequently used terms in the 933
publications reviewed are smart village, sustainability, circular
economy, productivity, renewable energy, impact,
governance, carbon emissions, innovation, sustainable
development, life cycle assessment, economic growth, energy
consumption, system, etc.

Table 1. The most frequently occurring top 20 keywords
for the subject area “smart village” in WoS (2024),
program fragment

Create Map

rs% Verify selected keywords

Selected | Keyword Occurrences -::::'::;:‘: hd
& | sustainability 220 396
W | performance 72 159
& |impact 66 147
& | management 73 144
& | renewable energy 60 130
W | co? emissions 29 102
& |model 51 93
W | circular economy 42 B8
& |energy 38 86
® |innovation 34 &4
M |design 33 83
W |china 32 B2
® | economic-growth 27 B2
W | consumption 26 80
@ | sustainable development 46 g0
W | efficiency 29 76
® |framework 28 76
W |impacts 29 Fl
& | life cycle assessment 26 &6
W |system 24 38

Based on the density of keywords and their occurrence in
publications, it can be judged that the main direction of
research is related to the sustainability of the development of
smart villages [12]. The keyword “sustainability” stands out as
the most frequently used keyword (Fig. 4).
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Figure 4. Graphical representation of the density of
keywords according to their occurrence in publications

3. Results and Discussion

64 keywords from selected publications were grouped by
VOSviewer into 6 clusters and marked in different colors (Fig.
5):

Ist cluster- red - 13 terms on adapting the principles of the
circular economy for a smart village (Fig. 6, a);

2nd cluster- green - 11 terms regarding the use of renewable
energy technologies (Fig. 6, b);

3rd cluster- blue - 10 terms on the impact of innovation on the
quality of people life (Fig. 6, c);

4th cluster- yellow - 10 terms on the environmental impact of
smart villages in the context of China (Fig. 6, d);

Sth cluster- purple - 10 terms on the use of efficient
management methods (Fig. 6, e);

6th cluster- blue - 10 terms on strategies for ensuring
sustainable development of smart villages (Fig. 6, f).

: :
1 .| urbanization

Fig. 5. Clustering of keywords according to their co-
occurrence in the WoS database for the “smart village”
subject area
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As aresult of the analysis of scientific articles abstracted
in the WoS database in the subject area of smart village, the
following actively developing areas of scientific research were
identified.

1. The economic structure of a smart village should promote
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maximum resource efficiency and waste minimization [13].
According to the publications generated in the first cluster, it
can be concluded that the village is an integrated environment
where it is recommended to adapt circular economy strategies
[14]. The circular economy is characterized by: minimizing
the consumption of primary raw materials and the volume of
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processed resources; reducing waste sent to landfills; and
reducing the area of landfills and landfills [15]. A circular
economy involves sharing, renting, reusing, repairing,
upgrading, and recycling existing materials and products. The
application of this concept helps to solve problems such as loss
of biodiversity, generation and accumulation of waste, and
environmental pollution [16].

2. Based on the publications classified in the second cluster, it
can be concluded that a smart village, to save energy, should
actively use renewable energy sources, such as solar energy,
wind energy, biomass energy, and hydropower with the
integration of advanced technologies. Biofuels for
transportation, including biodiesel, are increasingly being used
to reduce greenhouse gas emissions from transport [17]. Due
to anaerobic fermentation, wastewater can serve as a source of
renewable energy. The use of renewable energy will reduce
carbon dioxide emissions and ensure environmental
sustainability [18]. Policies to support such initiatives will
promote economic growth.

3. In the publications of the third cluster, the smart village is
considered based on the principles of sustainability, innovation
and ensuring a high quality of population life, and preserving
cultural heritage [19]. Innovations in the field of social systems
and infrastructure provision shape new relationships and
behavior of people[6]. Digitalization and robotization of labor-
intensive processes are catalysts for sustainable rural
development. The task of digitalization of rural infrastructure
is to improve the standard of population live through
accessible and high-quality education, medical care, transport
connections. In addition that, the transition to smart farming
helps to increase production efficiency [20]. Smart farming
technologies operate based on Internet of Things technologies
and are applied in all aspects of agriculture. In particular, the
use of drones simplifies the processes of applying fertilizers
and insecticides, irrigation mapping, monitoring the condition
of fields, monitoring and managing livestock complexes, and
ensuring the protection of territories in hard-to-reach places
[21].

4. Publications in the fourth cluster consider the smart village
in the context of the modern world, where special attention is
paid to the impact of smart villages on the environment [22].
An example is China, where smart villages play a key role in
achieving sustainable development goals, and combating
pollution and people health risks. The introduction of
environmentally friendly and resource-saving technologies for
the sustainable use of the environment is necessary to preserve
and restore the village ecosystem through a careful study of
the specifics of a particular area [23, 24].

5. According to publications highlighted in the fifth cluster, an
important aspect of a smart village is a management method
using information and communication technologies that can
solve problems related to climate change, conservation of
natural resources, and sustainable development [25]. The
management system of a smart village must be flexible,
adaptive, and based on up-to-date data to ensure the efficient
functioning of the infrastructure, optimization of resource use,
and minimization of negative impacts on the environment
[26].
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6. According to publications generated in the sixth cluster, it
can conclude that a smart village is a model of rural
development that uses information and communication
technologies, taking into account local resource capabilities
[27]. The concept of sustainable village development is
associated with intensive economic development and is based
on the rational and efficient use of resources, taking into
account the needs of future generations. The basis of
sustainable development is the balance of economic growth,
social and environmental responsibility of the village
leadership [28]. An imbalance can lead to negative
consequences, for example, extensive development of a
territory by covering large areas can disrupt the ecosystem,
provoke pollution of water resources, and threaten food
security. The essence of the problem of sustainable rural
development is to achieve production efficiency in conditions
of limited and exhaustible natural and energy resources [29].

4. Conclusions

The topic of smart villages has been reseached extensively
from 1982 to the present. This article evaluates scientific
publications in the subject area of “smart villages” for 2024.
Based on the analysis of keywords, the main research areas are
identified: adaptation of the principles of the circular economy
for a smart village; application of renewable energy
technologies; the impact of innovation on the quality of people
life; the environmental impact of smart villages in the Chinese
context; use of effective management methods; strategies to
ensure sustainable development of smart villages.

A smart village is a concept for a sustainable rural community
that integrates advanced information and communication
technologies and circular economy principles to ensure the
minimization of environmental impact and improved quality
of'life [30]. The goal of a smart village is to create a sustainable
innovative environment where renewable energy sources are
actively used to supply the population with electricity and heat,
and energy consumption itself is optimized using efficient
technologies and remote control. One of the key aspects of a
smart village is its sustainability through the use of a circular
economy, where resources are maximized and waste is
minimized through recycling and reuse [31]. Life cycle
assessment of materials and products plays an important role
in this process, identifying the best ways to manage resources
and reduce negative environmental impacts. The economic
growth of a smart village is driven not only by increased
productivity and resource efficiency but also by stimulating
innovation [32]. Innovation plays a key role in the
development of smart technologies that improve the quality of
life and ensure sustainable development. Incorporating
renewable energy into a smart village reduces dependence on
fossil fuels and reduces carbon emissions, which is beneficial
to the environment and promotes sustainable development.
However, to ensure sustainability, it is also necessary to focus
on managing energy consumption, introducing innovative
technologies, and developing an effective management system
that ensures optimal use of resources.

The identified trends in scientific research on the development
of smart villages are also relevant to the conditions of
Azerbaijan [33]. Some measures to achieve sustainable
development indicated in the studied articles have already
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been implemented, and some are planned to be applied. This
study will help to clarify further directions for the development
of smart villages in Azerbaijan and it can be used by
researchers to study research trends on this topic [34]. The fact
that the keywords- sustainability, circular economy, renewable
energy sources, quality of life of the population, effective
management methods, carbon dioxide emissions- are most
often used in the considered research field, shows its
interdisciplinary, therefore interdisciplinary scientific research
in this direction is necessary [35].
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Abstract: XLPO cables used in ships should be tested for water absorption. Test standards require the cables be submerged in a water
absorption chamber and kept at 75 °C for 14 days. Once every 7 days, the cables within the chamber are tested by applying high
voltage, and their capacitance, dissipation factor, stability factor, and relative Permittivity are measured. In this study, a water
absorption chamber used in the experiments is designed using fiberglass material and controlled with an ENDA ET 4420 temperature
controller. It is experimentally shown that the water absorption chamber performs well.

Keywords: Power Cables, Water Absorption Test, Cable Tests, Thermal Design, Heater Design.

Kablo Kapasitans Ol¢iim Testleri icin Su Emme Odasi Tasarimi

0z. Gemilerde kullanilan XLPO kablolar su emme agisindan test edilmelidir. Test standartlari, kablolarin su emme odasina batirilip
75 %C’de 14 giin saklanmasini gerektirmektedir. Her 7 giinde bir, oda igerisindeki kablolar yiiksek gerilim uygulanarak test edilerek
kapasite, kayip faktord, stabilite faktorii ve bagil gecirgenlik 6l¢iimleri yapilir. Bu ¢alismada deneylerde kullanilan bir su emme odast
fiberglas malzeme kullanilarak tasarlanmis ve bir ENDA ET 4420 sicaklik kontrolorii kullanarak kontrol edilmistir. Deneysel olarak
su emme odasinin iyi bagarimla galistig1 gosterilmistir.

Anahtar Kelimeler: Gii¢ Kablolari, Su Emme Testi, Kablo Testleri, Termal Tasarim, Isitici Tasarimi

1. Introduction the values measured are used to calculate the dielectric
constant, capacitance increase, and stability factor and the
calculated cable parameters are compared to the standard
values given in Table 13 of the IEEE 1580-2021 standard [10].
After the comparison, it can be decided whether the test is
successful or not. The note at the bottom of Table 13 refers to
Section 6.14 of the standard NEMA WC 57 for the test
procedure [11]. Information about the cables to be tested is
given in the NEMA WC 57 standard, and, therein, it is stated
that the test can be done in two different methods which are
the electrical and gravimetric methods. The electrical method
is defined in the IEEE 1580-2021 standard for testing. NEMA
WC 57 standard tests and calculations direct us to the NEMA

Cables, which are an important part of electrical systems,
should be tested according to standards [1-4]. Marine cables
are an important cable type, and their market share is ever-
increasing [5, 6]. Marine cables also age due to water trees
occurring within [7, 8]. Marine cables are tested according to
IEEE 1580-2021, NEMA WC 53, and NEMA WC 57 to make
sure that they operate without failure [9-11]. The Accelerated
Water Absorption test is defined in the IEEE 1580:2021
standard [9]. The electrical and mechanical tests are performed
on the insulation material of the cable after removing its sheath
according to Table 13 given in IEEE 1580-2021 standard. All
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W(C 53 standard (Section 2.6 of NEMA WC 53) [10]. The tests
specified in the IEEE 1580-2021, Table 13 Accelerated Water
Absorption section of the NEMA WC 53 standard are
explained and how the calculations can be made is stated. A
low-voltage XLPO cable is tested using an accelerated water
absorption test [12].

A water chamber should be used during the testing of marine
cables according to IEEE 1580-2021. Such a water chamber
must be designed to keep the water temperature at 75 °C [9,
12]. A water heater design needs a good experience [12]. The
electrical heaters can be controlled using several different
techniques [13-15]. In [16-20], a PLC is used for this purpose.
A PID controller is preferred in [18, 19, 21]. A microcontroller
is used to design an intelligent bath water heater [22]. The
temperature of a water heater must be sensed with an accurate
temperature sensor [14, 23]. The temperature of electrical
heaters can be monitored with a transmitter [24]. The effect of
several parameters on a heater is studied to increase its
efficiency [25]. Such a water chamber must be designed using
good heat insulators and good controllers [26]. Choosing a bad
material may result in a failed operation [27]. In this study, a
water test absorption chamber is designed to be used in the
tests. Fiberglass is used to make the chamber due to its low
thermal conductivity [28]. The temperature controller shown
to perform well in the polymerization process is used to control
its water temperature [29, 30]. The heat transfer model of the
chamber is also made. The performance of the chamber is
tested experimentally.

This paper is ordered as follows. In the second
section, the water absorption bath mechanical system is
introduced. In the third section, the water absorption bath
electrical system is briefly described. In the fourth section, the
heat transfer model of the system is given. In the fifth section,
the simulation results are given. In the sixth section, the
experimental results are given. The study is finished with the
conclusion section.

2. Water Absorption Bath Mechanical System

A sketch of the water absorption test chamber can be seen in
Figure 2. It is made of a box, a lid, and an internal grid. All the
parts of the box are fiberglass which is chosen due to its low
thermal conductivity and thermal endurance [28]. It can stand
temperatures more than 100 °C. The lid has also two holes for
guiding the cable ends in and out. The grid is used to prevent
direct contact of the heater resistance to the power cable and
its damage. The box has two holes. The heater resistance is
placed in one of them and the thermocouple in the other. The
controller circuit is placed onto the front side of the box. A
photograph of the designed device is given in Figure 2.
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Figure 1. A Drawing of the Water Absorption Bath.

Figure 2. A Photograph of the device made.
3. Water Absorption Bath Electrical Circuit

The schematic of the Water Absorption Bath electric circuit is
shown in Figure 3. It operates at 220 Volt and dissipates power
up to 2000 Watt. The electrical system of the device consists
of a water heater resistance, a solid-state relay 1SISO 1SS-100-
3, a 25 A W-automat fuse, a 0/1 rotary power switch with a
signal LED, a Fe-Const J Tipi thermocouple, and an ENDA
ET 4420 temperature controller [29]. A 220 V 2000 W water
heater resistance is used to heat water within the chamber. The
components of the circuit are shown in Figure 4.
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Figure 3. Electrical Circuit of the Device.

(d) (e) ()

Figure 4. The electrical components: a) a 25 A W-automat
fuse (Schneider IK60ON C 25A), b) a 0/1 rotary power switch
with a signal LED, c) ENDA ET 4420 temperature controller,
d) a Fe-Const J Tipi Thermocouple with a 25 c¢cm long
measurement probe with a diameter of 8 mm, e) the solid-state
relay (SSR) 1SISO 1SS-100-3, and f) a 220V-2000W 18 Ohm
heater resistance.

The accuracy of a Fe-Const J Tipi thermocouple can vary
depending on several factors, including the quality of the
thermocouple, the measurement conditions, and the
calibration. Generally, the accuracy of a Type J thermocouple
is around +2.2°C or £0.75% of the reading, whichever is
greater. Such accuracy is good enough for the test purposes.
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4. On the Control of the System

A PID controller is used to control the water absorption
chamber as shown in Figure 5. The PID controller parameters
used in the design are given in Table 1.
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Figure 5. PID temperature control of the water absorption
chamber.

Table 1. The PID controller parameters

The PID
Its Value
Parameter
K, =P, 4
T, 40s
Tp 10s
KI = Kp/TI 1 S-l
KD = K}JTD 4s

The reference water temperature is set to 75 °C degrees with
ENDA ET 4420. The controller uses a hysteresis controller.
When the power switch is turned on, its green LED starts
illuminating and indicates that the device is energized. ENDA
ET 4420 temperature controller measures the temperature
using a Fe-Const J type thermocouple with a 25 ¢cm long
measurement probe with a diameter of 8 mm placed within the
chamber in contact with the water. If the measured temperature
is under the upper-temperature reference, the ENDA ET 4420
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turns on and turns off the solid-state relay (SSR) ISISO ISS-
100-3, which connects the heater resistance to the utility. The
heater resistance starts heating the water and the water
temperature increases. If the measured temperature reaches
the upper-temperature reference, the ENDA ET 4420 turns off
the solid-state relay (SSR) ISISO 1SS-100-3 and the heater
resistance is disconnected from the utility. The water
temperature starts decreasing. When it falls to the lower-
temperature reference, the  ENDA ET 4420 turns on the solid-
state relay (SSR) ISISO 1SS-100-3 and, therefore, the heater
resistance again. This operation cycle continues, and the
average water temperature is kept at the set temperature of 75
°C.

The instantaneous temperature error fed to the input of the PID
controller is calculated as:

e(t) =T(t) = Trer (@)

where T(t) is the instantaneous measured water temperature
and T, is the reference temperature.

The controller output PID,,,. can be expressed as:

t de(t)
PIDyy: = Kpe(t) + K; f e(t)dt + Kp T
0

&)
Where Kp, K;, and K}, is the proportional, the integral, and the
derivative constants of the PID controller, respectively.

The controller output PID,,,, is equal to the duty ratio of the
heater power:

D = PID,y, 3
where D is the duty ratio.

When the heater resistance is fed by the utility, the power
consumed by the heater resistance is given as

Pheater = RACIers 4
or
Pheater = V‘r'zms/RAC(T) (5)

where I, is the rms current of the heater resistance, V., is
the rms voltage of the utility, and R, (T) is the temperature
dependent heater resistance.

The average power of the heater is given as

p=DP= RAclrzms = DVr%ns/RAC(T) (6)

5. Heat Transfer Model of the System

In this section, a simplified thermal circuit model of the circuit
is provided. The geometry of the chamber in the study consists
of four vertical walls and two horizontal walls as shown in
Figure 6. It is assumed that the heat transfer between the water
chamber with a certain amount of water inside and a certain
amount of air above the water surface and the external
environment is realized by heat conduction in the solid
material, while the heat transfer between the solid surfaces and
the fluid interfaces is realized by the effect of natural
convection mechanisms, and the radiation heat transfer is
neglected since the temperature differences are not high in the
system.
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Equations 7-11 contain the steps of the method used in the heat
convection coefficient calculations used in the model, whose
value range is given in Table 2. Heat transfer relations in
natural convection are based on experimental studies except
for some simple cases. The simple empirical relation for the
mean Nusselt number Nu;, in natural convection is as follows:

Nu, =2 =C-Ra} )

where h is the heat convection coefficient (W/m2K), L is the
length of the geometry (m), k is the heat conductivity
(W/m'K), C is a constant coefficient, Ra. is the Rayleigh
number which is the product of Grashoff (Gr;) and Prandtl
(Pr) numbers, and n is a constant exponent. They are given as:

B (Ts —T) - L3
RaLzGrL-Przg £ U ) C))
veoa
B (T, =Ty - I?
Grngﬁ(sz ) ©)
v

where g is the acceleration of gravity (m/s?), A is the coefficient
of volumetric expansion (1/°K) and can be expressed as f=1/T
for ideal gases, Ts is the surface temperature (°C), T« is the
fluid temperature far enough from the surface (°C), v is the
kinematic viscosity of the fluid (m?/s) and « is the thermal
diffusivity of the fluid (m?s).
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Figure 6. Schematic view of the geometry of the container.

The Nusselt number for the vertical walls can be expressed by
the following relation:
0 387-Ra1/6 2
N L

[1+(O.492/Pr)9/15]8/27} (10)
For the horizontal top cover or horizontal bottom base, the
appropriate one of the following relations is used to determine
the Nusselt number:

Nu, = {0.825 +

- _ ) 1/4_
Nu;, = 0.54-Ra,

(10* < Ra;, < 107)

_ 1

Nu, = 0.15 - RaL/3 (107 < Ra, < 10'%) (11)
_ 1

Nu, = 0.27 - RaL/4 (10% < Ra;, < 10%9)

After the Nu, number was calculated with the help of the
relations given above, the heat convection coefficients (h) on
the surfaces were calculated using Eq. (7). The range of heat
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convection coefficient values calculated by this method is
given in Table 2.

In this study, the thermal resistance model is used, and this
concept is based on the analogy between electric current and
heat dissipation. The relationship between electrical resistance
and transmitted electric current is analogues to the relationship
between thermal resistance and transmitted heat power.
Resistance is defined as the ratio of a potential difference to
current while thermal resistance is defined as the ratio of the
temperature difference to the heat power transmitted.
Equivalent thermal circuits can also be used for complex
systems such as mixed walls. When the layers of such walls
are composed of different materials, they can contain many
series and parallel thermal resistances. The schematic of the
thermal resistance circuit of the device in the steady-state for
the geometry in the study is shown in Figure7.a. The thermal
circuit consists of the side thermal resistances and the thermal
capacitances of the fiberglass box, water and the still air,
Combining the series and parallel thermal resistances, their
equivalent circuit shown in Figure 7.b is obtained.

By adding a thermal capacitance to the equivalent thermal
resistor in parallel to model thermal dynamics, the transient
thermal circuit model shown in Figure 7.c is obtained. For the
device, the side thermal resistance components of the box, the
bottom thermal resistance of the box, and the top thermal
resistance of the box, are, respectively, given as

1
R.. _. =
con—inner Rimmer Aside (12)
dwall
R =— 13
THwall kngside ( )
1
Reon—outer = 77— (14)
hinnerAside
and
d
Rrugown = RTHup = ka (15)
gfldown

where d,,q; is the thickness of the glass fiber, h,yer is the
wall-to-air heat convection constant, h,,., iS the water-to-
wall heat convection constant, and kg, is the thermal
conductivity of the glass fiber, Ag;4. is the side (wall) area
which is the vertical surface area (m?) where heat transfer takes
place, and A4, IS the base or ceiling area.

Since they are four side thermal resistances, and one cover
thermal resistance, and one base thermal resistance, their
equivalent thermal resistance of the device is given as

Rry = (Rcon/4)// (Rradown/2) (16)

R _ Rcon RTHdown ( )

TH ™~ Rcon RTHdo n 17
8 (Sgn + ~tgeun)

where Rcon = Rcon—inner + RTHwall + Rcon—outer:

The heat power transferred to the environment in the steady-
state can be expressed using the thermal resistance method as
follows:

AT (T, —-T,
p= AT _ Ty~ Ta) (18)

RTH RTH
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where T, is the water temperature and assumed to be the
measured water temperature T'(t).
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Figure 7. a) The steady-state thermal circuit of the chamber,
b) the steady-state equivalent thermal circuit of the chamber,
and c) the transient thermal circuit model of the chamber.
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Heat convection coefficient values were calculated for the
outer, inner, top, and bottom surfaces of the container side
walls. The equivalent thermal resistance is calculated as
0.0243 W/K with the parameters given in Table 2.

Table 2. The thermal parameters.

Parameter Symbol Value
The ambient temperature T, [°C] 25
The set water temperature Trer [°C] 75
Heat convection coefficient h [W/(m?K)] 4.95-5.81

Heat conductivity of

fiberglass krg [W/(m'K)] 0.040

Heat conductivity of air ka [W/(m'K)] 0.026-0,030

Heat conductivity of water  kw [W/(m'K)] 0.613-0,688

Specific heat of water C [J/kg°C)] 4186
Kinematic viscosity of air Vair [M2/s]  18.45%x10°®
Kinematic  viscosity  of v,, [m2s] 6x107
water

Prandtl number for air Prair 0.7
Prandtl number for water Prw 4.0

The thermal capacitance of water is found as

C=mc (18)

where m is the mass of water and c is the specific heat of
water.

The mass of water within the chamber is approximately 100
kg, The thermal capacitance of the water (C) or the device
ignoring the mass of other sections is calculated to be 418740
J/°C. In the transient, the heat transfer model of the device can
be modeled as

4Tw=Ta) | Tw=Ta

P = DVns/Rac(T) = me at Req

(19)
where T, the ambient temperature, T, is the water
temperature, m is the water mass, and c is the specific heat of
water.

In the steady-state, since the temperature of the device is not
varying with time and the water temperature is 75 °C, the
power consumption of the device can be modeled as

Ty —T,
P = DRyc(Ty) s = DVins/Rac(Ty) = %

eq

(20)

where I,.,,s iS the rms current of the heater resistance and
R, (T) is the temperature dependent heater resistance.

6. Simulation Results

The system simulations are performed in Matlab program. The
system is simulated under heating conditions when the full
electrical power 2000 W is applied to the device, and the water
temperature during the heating process is shown in Figure 8.a.
The simulated water temperature is almost a ramp in this case.
The system is simulated under natural cooling conditions, and
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the water temperature during the cooling process is shown in
Figure 8.b. The simulated temperature falls exponentially

when simulated for 6 hours.
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Figure 8. Simulated temperature vs. time during a) the natural
cooling of the device and b) the heating process.

7. Experimental Results

The water absorption test on a marine power cable is made to
ascertain the quantity of water absorbed by the insulation when
it comes into contact with water. To be able to use the device
in such a test, the device’s performance must be examined. In
this study, experiments are done to see the performance of the
water absorption chamber designed. Before starting the test,
the device is filled with tap water. The water chamber is placed
in the test room for protection purposes during high voltage
experiments. As a result, there is neither forced nor natural
cooling of the device during the test. In the test, a 4,5 meter
long 0.6 /1 kV Volt rated marine cable after removing the outer
TPO sheath and armoring is placed within the chamber as
shown in Figure 9 and the device is turned on. Its temperature
is read from the controller display shown in Figure 10 and
recorded with respect to time. Two thermal experiments were
conducted on the device. The first experiment was performed
during the heating of the device, and the other during its
natural cooling. In the first experiment, the device was turned
on at room temperature, and the water temperature was read
every few minutes until it reached 75 °C. The heating duration
or the setting time of the device can be assumed to be almost
3 hours. After this time, its resistor is turned on and off to
compensate for the ambient power loss. The time and
temperature data were recorded and plotted. In the second
experiment, the water temperature was at 75 °C, and the device
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was in the thermal steady-state when it was turned off. As the
device cooled, the temperature and time data were also
recorded. The graphs showing the temperature as a function of
time from these experiments are shown in Figure 11.

12024/315 11:33

Figure 9. A photograph of the water absorption test from the
laboratory
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Figure 10. The appearance of the device monitor during the
experiment in the steady-state.
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Figure 11. Temperature vs. time during a) the heating process and b) the natural cooling of the device.
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The experiment shows that the device performs well. When
the utility voltage is 220 Volt, the water temperature reaches
from 18 °C to 75 °C, i.e., to the thermal steady-state in almost
3 hours. When the device is turned off, the water temperature
falls to the ambient temperature in almost 5,5 hours as seen in
Figure 11.b. The specific heat capacitance of the model is
found to be 4.026e+05 J/°C which gives an acceptable error of
just -3.99%. The error of the thermal resistance is found to be
much higher than the calculated value. The decay of the
temperature is not exponential enough. Therefore, the thermal
dynamics are more complex than the behavior of the
simplified model. This means the thermal model of the device
should be modified. Heat transfer equation can be solved in
Cartesian coordinates with proper boundary conditions using
finite difference or finite element method to improve the heat
transfer model of the circuit. Also, an experiment with
multiple temperature sensors can be done to measure the
thermal conductivity of the insulator material to check its
accuracy. However, the device operates well performing its
duty during the tests without any problem.

8. Conclusion

In this study, a water absorption chamber is designed using
fiberglass and it is controlled with a cheap industrial controller
by sensing its temperature with a thermocouple. It is tested
using a power cable inside. It has been found that it operates
well and it is usable to make the tests described in IEEE 1580-
2021, NEMA WC 53, and NEMA WC 57 standards.

As future work, we suggest using a fuzzy logic controller to
reduce the power consumption of the device. Such a system
could benefit from user experience and consider ambient
temperature and its derivative as additional inputs. This
approach can decrease the setting time and provide tighter
temperature error control [31]. The system can also be
improved by incorporating 10T for monitoring [32]. 10T can
make tracking the water temperature easier and can also be
used to stop the experiment if something goes wrong with the
operation. The proposed device can be easily modified for
larger-scale industrial applications. For instance, using a
higher power heater can reduce the heating duration. A larger
version of this device can be made for medium voltage cables.
The heater power should also be increased accordingly in this
case. Additionally, the device is already suitable for mass
production due to its simplicity and robustness. Such a
chamber can also be combined with a high-voltage generator
for better control and monitoring of the experiments.

As another future work, the thermal model of the system can
be improved with the methods suggested in the experimental
results section.
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Abstract: The development of innovative electrojet technologies based on the formation of sequential flows of monodisperse droplets
in the working environment remains among the current problems today. In this study, it has been determined that in the “needle-plane”
electrode system where corona discharge occurs. The charging kinetics of spherical particles are investigated in this system. These
particles were created under equal conditions for various dielectric liquids. The spherical particles had different radii and different
relative dielectric permittivities. The study determined that the charging kinetics of these particles differ. This difference depends on
the polarity of the small radius electrode. In particular, the effective ionization coefficient in an electronegative gas environment (e.g.
in air) where corona discharge occurs, it has been shown that when the needle electrode has a negative polarity, the amount of charge
accumulated on the spherical particle is higher compared to the positive polarity case.

Keywords: Attachment coefficient, Corona discharge, Townsend ionization coefficient,

Korona Desarj Alaninda Dielektrik Sivi Damlaciklarinin Yiiklenme Dinamigi

Oz Calisma ortamimin monodispers damlaciklariin ardisik akiglarnm olusumuna dayanan yenilikci elektrojet teknolojilerinin
gelistirilmesi  gliniimiizde giincelligini koruyan problemler arasinda yer almaktadir. Bu caligmada, korona bosalmasinin
gerceklestirildigi “igne- diizlem” elektrot sisteminde, kii¢iik yaricapl elektrotun polaritesine bagli olarak, incelenen dielektrik sivilar
icin esit kosullarda olusturulan farkli yaricaplara ve farkli bagil dielektrik gegirgenliklere sahip kiiresel parcaciklarin yiiklenme
kinetiginin farkhilik gosterdigi tespit edilmistir. Ozel durumunda, korona desarjimin gerceklestirildigi bir elektronegatif gaz ortaminda
(6rnegin hava ortaminda) etkin iyonlasma katsayisinin da dikkate alinmasiyla, igne elektrotun negatif polariteye sahip olmast
durumunda kiiresel parcacik iizerinde biriken yiik miktarinin pozitif polarite durumuna gore daha yiliksek oldugu gosterilmistir.

Anahtar kelimeler: Baglanma katsayisi, Corona bosalmasi, Townsend iyonlasma katsayisi.

1. Introduction Up to a hundred thousand of such drops per second can be

. . formed on one nozzle, and of the same diameter - about tens,
Electro-droplet equipment and technologies are based

i ) ) hundreds of micrometers, located at the same distance from
[1,2,59] on the creation (using microprocessors or

each other. In this case, it is possible to communicate a given
value of electric charge of one sign or another to a drop of
working fluid and, thus, to deflect this drop in an electric field

microcomputers) of a linear sequence of a flow of
monodisperse drops of working fluid.
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to a given point, determined by the technological process.

The characteristic features and advantages of electro-droplet
jet technologies are:

- absence of moving mechanical elements moving with
friction in the devices implementing them;

- microprogram control of the processes of obtaining a linear
flow of monodisperse drops of working fluid with the same
distance between the drops, the message controlled both by the
magnitude and by the sign of the electric charge of the drops,
their deviation in the electric field, which ensures flexibility of
control;

- contactless application of working fluids, charged and
uncharged, to objects with any surface shape made of various
materials (chemical threads, fabrics, plastics, glass, metal,
ceramics, paper, etc., etc.).

The article examines the process of imparting an electric
charge to drops of dielectric working fluids in the electric field
of a corona discharge. This method [5,7] is based on the
phenomenon of the emergence of a unipolar ion flow in the
outer zone of a corona discharge, which occurs in
electronegative gases and their mixtures (such as air) in a
sharply non-uniform electric field.

The aim of this work is to investigate the dynamics of charging
of droplets of different sizes for dielectric liquids with
different relative permittivity in the field of negative and
positive corona discharge.

Based on Potenier's formula for the electric charge imparted to
a drop of dielectric liquid in a corona discharge field, a simple
expression for the rate of field charging of a spherical particle
is derived. It should be emphasized that with a decrease in the
radius of curvature of the corona-forming needle electrode, the
corona discharge used to impart an electric charge to drops of
dielectric liquids occurs at a lower voltage on the electrodes.

2. Theory

A corona discharge in gases occurs at a certain, so-called
initial, electric field strength E,, in the immediate vicinity of
a needle electrode when high voltage is applied to needle-
plane type electrodes.

The initial electric field strength E,; of a corona discharge is
found from the condition of the self-sufficiency of a corona
discharge in electronegative gases and their mixtures [2,3,4,6]

l A+yd] o
S teprdx = In [1:—3/] =~ K = Const (D)

when the inequality is satisfied in the inner region of the
corona discharge

Qefr = @ —1 @)

Here @, is the effective impact ionization coefficient, which

determines the process of electron multiplication in the corona
layer during impact ionization;

a is the coefficient of impact ionization by electrons (the first
Townsend ionization coefficient), which determines the
number of ionizations by electrons per unit path during their
movement in an electric field along the lines of force.

Alisoy et al. / European J. Eng. App. Sci. 7(2), 159-163, 2024

Numerically, this coefficient is equal to the product of the
number of collisions per unit path of an electron with gas
molecules and the probability that these collisions will end in
ionization and depends on the ratio of the electric field strength
E to the gas pressure p [3,4]. n is the attachment coefficient,
which characterizes the process of formation of stable negative
ions in the corona layer due to the addition of an extra electron
by gas atoms and molecules, which already loses the ability to
ionize [2,5,6].

y; is the generalized secondary ionization coefficient, which
characterizes the average number of electrons formed within
the corona layer as a result of secondary ionization processes;

l;, is the length of the lines of force within the corona layer; x
is the path from the cathode of the electron avalanche.

Fulfilment of condition (2) corresponds to the so-called
threshold value (E/p). = b, and, consequently, a self-
sustained discharge in a gas is possible only at E/p = b [2-
6].

When implementing the method of imparting a unipolar
electric charge to drops of dielectric liquids in a corona
discharge field, the distances h between the needle-plane type
electrodes are relatively small (no more than tens of mm), and
the radius of curvature of the needle electrode 7y is from 5 -
1072 t0 10 - 1072 mm.

Based on the studies conducted for the applications considered
in the work, a formula was obtained for the initial electric field
strength of the occurrence of a corona discharge E.; which
gives good agreement between the calculation results and the
experimental results in the above-mentioned range of changes
in h and 1y , the fundamental difference of which from the
known ones is that it takes into account the dependence of E;
on the distance h between the electrodes [2- 6].

E,;=ASy+B- (’1—5“)0'5 3)

To

05
bpoT Kk \%
where, A =222 . b=( )
Ty ab,6y

Reff _

The coefficients a and b are found from the expression

a [(E/p) - b)? near the threshold value (E/p) . , at which
the condition (2) of the corona discharge independence is
satisfied. The relative density &, of gas (air) is characterized

prTo

by the expression &, = —>
Yy p 0= 5T

where p, po are the absolute

current pressure and the pressure of gas (air), respectively,
under normal atmospheric conditions (p, = 101,3 kPa,
To = 293 K ); T, T, are the absolute temperatures of gas (air)
at p and p,, respectively. The coefficients a,b are found
experimentally for a given type of gas, electrode configuration
and the nature of the voltage on them.

The coefficient K is determined from the condition (1) of the
independent corona discharge in air; b; is an empirical
coefficient characterizing the distance from the electrode with
a small radius of curvature 7y, within which, before the
moment of occurrence of the corona discharge, the electric
field near the threshold value E/p has a pronounced non-
uniformity along the length of the interelectrode gap
(maximum gain).
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Therefore, this influence can be neglected. For coaxial
electrodes, formula (3) can be rewritten as [1-6].

Ec = Aby + B-\/[(R/1y) — 118, 4
where R is the radius of curvature of the non-corona electrode.

Calculations of E; using expression (4), obtained from (3),
most accurately coincide with experimental data in the entire
range of possible curvature radii 7, = (5 —10) - 1072 mm
of corona electrodes for coaxial cylinders at such small
interelectrode distances when the internal region of the corona
discharge, where a.¢s > 0, becomes commensurate with the
distance between the electrodes [6].

Calculations using the formulas of Pick, Townsend, Lesch,
Alexandrov, Engel and Steenbeck, which do not take into
account the dependence of E; on the distance between the
electrodes at such small interelectrode gaps, give large
discrepancies with the experimental data [6].

The value of the initial corona voltage U, for coaxial
electrodes is determined from (4) using the formula

U =EcirgIn(R /1) ®)

Based on Potenier's formula for the electric charge
communicated to a drop of dielectric liquid in a corona
discharge field, we obtain [ 7-14]
2

00 = et ©
where &, = 8,85-107'2 F/m is the vacuum permittivity
(electric constant); &, is the relative permittivity of the liquid,
&, is the relative permittivity of the medium surrounding the
dielectric liquid droplet (for gases &, = 1); r is the radius of
the dielectric working fluid droplet, m; e = 1,6-1071° C is
the electron charge; n, is the average ion concentration over
the entire interelectrode gap; p is the ion mobility, m?/(V - s);
E., is the average electric field strength in the interelectrode
gap during corona discharge, V/m; n is the electron
concentration in the corona discharge field; t is the time the
dielectric liquid droplet remains in the corona discharge field.

Expression (6) can be rewritten as

__enout
a(®) = o oy dmax @)
where

_ 12mege16,7%Ecy
Gmax = e ®)

— maximum electric charge of a drop of dielectric working
fluid in a corona discharge field.

Based on the Potenier formula, the dynamics of the
electrification of dielectric liquid droplets of different
diameters and different permittivity was investigated. The
corresponding dependences of the electric charge imparted in
the field of a corona discharge to a drop of dielectric liquid as
a function of the radius of the drop, the dielectric constant of
the liquid, the mobility of unipolar ions with negative and
positive corona, as well as the average electric field strength
in the interelectrode gap are obtained.

All dependencies are obtained for the most realistic case of
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imparting an electric charge to drops of dielectric working
fluids when implementing electro-droplet technologies, when
a corona discharge occurs in the air between needle-plane type
electrodes.

In this case, the average concentration of ions across the entire
interelectrode gap during a corona discharge in accordance
with [1-3] will be ny = 10'* ion/m3. Therefore, as a first
approximation, taking in (6) ny =n = 10*ion/m3, we
rewrite the expression for air as

q(t) _ 533,82:107Y &, 1% wEey ©)
,410712+1,6:1075-p-t) (e, +
(35,4-10712 075-u-t)(e1+2)

Let us consider a method of imparting a negative electric
charge to the drops at a negative potential of the needle
electrode. In this case, a unipolar flow of negative ions will
arise in the outer region of the corona discharge. The mobility
of negative ions in air [3] u~ = 1,8-10"* m?2/V .

Then expression (10) is rewritten as

q(t) = 960,87-1072 g, 12w B,y (10)
(35,4'1071242,88:107%-t) (g, +2)

3. Results and Discussions

Figures 1-3 show the results of studies of imparting a negative
electric charge to droplets, that is, in the field of a negative
corona discharge in air.
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Figure 1. The charging dynamics of droplets of different
sizes in the field of a negative corona discharge with a
relative permittivity of dielectric liquids of &€ = 2,3,
£=3,4; E, = 10°V/m

161



—— rp=25&43 m
—a— rp=ﬁﬂe43 m

—B— rpﬂﬁe43 m

—f— rD=1UUeém

8 10 12 14
Ec, Vim x 10°

Figure 2. Effect of the negative corona discharge field
strength on the droplet charge at t = 0,1s and &, =

2.3

018
0.16
014

012

0.08
0.06
0.04

0.02

Figure. 3. The influence of the droplet radius and
dielectric constant on their charge in the field of a

negative corona discharge at t=0,1s ,

10°V/m

012

0.1H

0.08H

— rp=25:=,-43 m
—a— rp=25:=,-43 m
—=— rp=25:=.-43 m

—— rp=25:=.-43 m

E. =

Qi) pC

0.16

0.14

0.12

01

0.08

0.08

0.04

0.02

Alisoy et al. / European J. Eng. App. Sci. 7(2), 159-163, 2024

— rDZZSE45 m
[|—=— rp=509'5 m
—&— rDZTSE'S m

—a—rp=mme*"’m

L !
006 008 01 012 014 016 018 02
s

H I
0.02 0.04

Figure 4. The charging dynamics of droplets of different
sizes in the field of a positive corona discharge with a
relative permittivity of dielectric liquids of €, =2,3;
£ =3,4;E. =105V/m
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Figure 5. Effect of positive corona discharge field
strength on droplet charge att = 0,1s and g4 = 2,3
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Figure 6. The influence of the droplet radius and the
dielectric constant of liquids on the charge of drops in
the field of a positive corona discharge att=0.1s, E, =
10°V/m
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To impart a positive electric charge to the drops, a positive
potential is applied to the needle electrode. The mobility of

m?

positive ions in air p*=1,4-10"* VS [2,3] Then
expression (10) is rewritten as

747351072 -g12-w-E .,
q(®) = (35,4-10-12+42,24-10%-t) (g, +2) (12)

In Figs. 4-6, in accordance with (12), the results of studies of
imparting a positive electric charge to drops are presented.

4. Conclusions

Based on the results obtained within of the statement problem,
the following conclusions can be drawn:

—regardless of the polarity of the unipolar ion flow created in
the outer region of the corona discharge (the polarity of the
tip), drops of various diameters acquire an electric charge
equal to 95% of their maximum value during a time of
(0,12- 0,15 )s in the corona discharge field. Consequently,
when implementing electro-droplet jet technologies (liquids),
the length of the interelectrode gap should be selected
accordingly;

— it is possible to easily regulate the sign and magnitude of the
electric charge imparted to the drops by changing the polarity
of the corona-forming sharp electrode and the voltage value on
the electrodes, and the larger the drop diameter, the greater the
electric charge imparted to it;

-with a negative corona for the selected type of dielectric
liquid, a drop of the same diameter at the same electric field
strength acquires an electric charge greater in magnitude than
with a positive corona. At the same time, the range of voltage
variation on the electrodes up to the spark breakdown of the
interelectrode gap expands (at the selected distances between
the corona electrodes);

— the greater the relative permittivity of the working dielectric
liquid, the greater the magnitude of the electric charge
imparted to the droplet at the same voltage and polarity on the
electrodes and the selected interelectrode gap.
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