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MKKROPLASTKKLER VE ¢ EV RE S ELERKT K

Prof. Dr. Senar AYDIN

Necmettin Erbakan | niversitesi
Muhammed ULVK

Necmettin Erbakan | niversitesi
Mehmet Emin AYDIN

Necmettin Erbakan | niversitesi

Dr . ¥7Jr. i yesi Arzu ULVK
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¥zettPl asti k kirlilijinin k¢gresel -evreyi dej
czerine olumsuz etkileri ol duju bilinmektedir.
etkileri sebebiyle k¢- ¢k boywtntl aakimexltagt.i kl er
Boyutu 5 mméden daha k¢-¢k plastik partikegller
réel maktader. Mi kroplastikler hem karasal hem ¢
maktadérl|l ar. Mikroplastikler su ortaména su t a
yelveevse at éksu sistemleri gibi insan faaliyetle
-¢k boyutlarda -evresel ortamlara sal énabil ec:
plastiklerin zamanla par-alanmaséyla da ol uka
larda mikroplastiklerin derin denil e r d e, sedi mentl erde, y¢zeysel
tup b°l gelerinde ve okyanuslarda tespit edil di

hirde3.9*16part i%k ¢tti ktihde bir <dmarbtairdaj EBmidm 1. 36* 10
lerde 8.9*1Gpart k¢ Kdmadadda §palrite rkdftef k.m4d 8* 10

zilyadda halidteAlnmahyapdat iak &lk/sm ar ét ma t e
*10part ik ¢utnupl arda@kons8dnprasyapl aménda mik
l asti k tespit edilmixktir. tevredeki pl asti kil
doj mudzaar ar g°r mel erine sebep olurlar. Beyek p
vecutl aréna takélarak bojul malaréna sebep ol at
taraféndan besin sanélarak yutulabilir, bal ék
Mikroplastiklerileilgl i endi ke onl arén polisiklik aromatik
ikl orlu bifeniller, polibromlu difeni.l eterl e
metall eri emme ve biriktirme kabiliyetleri ne
ti kl er u kirleti d¢dialkemimal eak @sniastvemciani @d ar én
girmelerine sebep olurlar. Mi kroplastiklerin ¢
i-in yapélan bir -alékmada kopepodlardan Tigri
gol andi us te¢erleri polistiméeanémi keo -lbb&ncukl ar
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Senar AYDINT Mu h a mme di MéhmétEmin AYDINT Ar zu UL VK

sayéda yumurta kesesinin gelikmedijine ve yumu
dair bulgular elde edil mixktir.
Anahtar kelime: Mi kr opl asti k, -evre, sucul -evre, et

Abstract: It is known that plastic pollution changes the global environ-
ment andhas a negative impact on wildlife. Over the last decade, studies on
small size plastics have intensified due to potential harmful effects. Plastic par-
ticles smaller than 5 mm in size are called microplastic. Microplastics exist in
both raw terrestrial anaiquatic ecosystems. Microplastics reach the aquatic en-
vironment as a result of human activities such as water agriculture, fishing,
tourism, industrial and domestic wastewater systems. Microplastics can be re-
leased to the environment in small dimensianshey can be formed by break-
ing up large plastics which are thrown into the nature over time. In some stud-
ies, microplastics have been detected in deep seas, sediments, surface waters,
polar regions and oceans. 3.9%farticles / kid in a river in Switzerland,
1.36*10 particles/knd in a water dam in China, 8.9*1@articles/ni in lakes
in China, 7.48*10 particles/km in lakes in Canada, 0.19 particle$/m the
estuary in Brazil, 9*19particles/niat the effluent of the wastewategatment
plant in Germany, and 0.34 particlé/ooncentrations at the poles were deter-
mined. The plastics cause direct damage to birds, reptiles and fish. Large plastic
pieces can cause living things to drown in their bodies. Microplastics can be
swallowa by living things as food, and they can clog fish gills. The concern
with microplastics is increasing due to their ability to absorb and accumulate
persistent organic pollutants such as polycyclic aromatic hydrocarbons, poly-
chlorinated biphenyls, polybramated diphenyl ethers and metals. Microplas-
tics cause these pollutants to be transported in the ecosystem and they enter the
body of living things. In a study to investigate the effect of microplastics on
reproduction, the species of Tigriopus japonicad &€alanus helgolandicus
were exposed to polystyrene microbeads and there was evidence that many egg
sacs were not developed and eggs were smaller.

Key words: Microplastic, environment, aquatic environment, impact.

1. GKRKKEk

Pl asti klerin wgklmmegasdl z9 ksleli kl erinden ¢
pénda kull anémlaré -ok yaygéndeéer. Pl asti kl er
beri yélda 300 tona ul akméxkteér. Fakat kul | at
don¢gkt ¢grel mektediriklieniwe¢cdiel i m20L8@)n Rbas
l erinin az ol maséndan dol ayé geri dong¢gkemler
i-in yetersiz atéek y°neti mi, uygun ol mayan I
-evreye sal énémé ger-ekl kiumdhktlediim. n¢ eswrme dzeak
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negati f etkilerini g°stermesiyle birlikte bu
l eml er artmaya bakl améxkteéer .

Pl astikler poketler, tabaklar, -antalar gi
dikleri gibi,t emi zIl eyi ci |l er , pell etler gibi k¢-¢k bec
daki b¢yeéek plastiklerin par-alanmasé ve kg¢- ¢
maséeyla -evresel ortamlarda mikroplastik kir
olan mikroplastikler e vr esel ortamlarda -ok kol ay yayeéel e
yanékl edérlar (Jiang, 2018; Andrady, 2015).
destriyel kozmeti k ve Kki«kisel bakém ¢renloer
kaynakl arééeliaep bgygkyplastik -°plerin zamanl
zetti ve dijJ ., 2018) . Mi kropl astikler k¢- ¢k
canl éelarén ve¢gcutl aréna girmesi kol ay kirleti
ti kler -evresegil i mlrearaimmcde dabagedaanl él arén vy
mi Ktir ve canl élar ¢zerindeki et ki si kanétl a

2. MKKROPLASTKKLERKN ¢EVRESEL ORTAMLARDAKE
VE AKI BETLERK

Mi kropl asti kler -evresel ortamlara bakl éc
Onlack én fiziko kimyasal ©°zellikleri ve -evre K
dij., 2018) . Mi kropl asti k|l er ekosistemde hon
dirler. Mikroplastikler karasal ekosistemler
trrSon zamanl arda yapélan arakteérmal ar da suct
Jine yojunlakeéel méktér. Fakat mikroplastikler
sonucu ulakmaktader. Karasal ekosistem i-ind
dendir( He ve dij., 2018). Topraja giren mikropl
nabilir, erozyonla yer dejiktirebilir, -evre
sézabilir. Toprakta yakayan canl élarda mikro
bek,si ncap gi bi canl él arén hareketi sayesinde
(Ril'lig ve dij., 2017; Hurley ve Nizzetto, 2
ziyeti, oksijen bolluju ve nispeten y¢ksek s
zundijru ortamdér. Toprak biyotasé ve karasal
maséné hezlandeéer ér . Tar eéms al faaliyetl erde I
ol abi lir. B¢egten bunl ara rajmen toprakta pl as
¥rnejinkit opolaiketai | en 8000g4nosamémadgaponléeizpgrof
bir yélléek s¢re sonunda%0. 4 ajerl ek kaybeéenc:
boyunca par-alanmadan kal mékter (Ali ve di]j.

-al ékmal aadai kopph&sti klerin varléeje tespit
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ve Bigalke (2018) Ksvi-redéde toprakta mikr o]
dij., (2018) ¢indbde tops4ak2apai kirlopl Al i &l ar
mukl ardér . aKigr &sel isulfamnmd %9206si ni plastik -2°
tevreye ateéelan b¢gyek plastiklerin sulara
l en k¢-¢k plastiklerin aréetélmadan sul ara ve
i T iJini oluktmlramada alélrun®nuclnidcklogdtca pol i mer
tilen 0.9170.965 g/cm,polipropilen 0.90.91 g/cn, polisitren 1.041.1 g/cnd, poli-
etilen tetrafitalat 1.372.45 g/cnd, polivinilklorid 1.161.58 g/ciy of unl uj una s a-
hiptirler (HidalgpRuz ve diffhnerove ;di jLi, 2011). Mi kr op
junluju sudan b¢yeéegk ol anl ar sedimentte birik
roplastiklerden y¢zeyde ol anl ar zamanl a biyoc
kirleticileri absoréeaedebi g?steri pe-Ybeghbinl i

mi kropl astikler suyun ve sucul canl él arénén
yé¢kselip takénabilirler. Yapeélan -al éxkmal ard
rin varl é]é tespitg°ddinldne?MNTQraNfal?ar nwed i chi ]Wu,h an
2017), Goiana halicinde 0.19 MPIhLi ma ve difj ., 2014), Liguri al
ve difj., 20CHé6ns®&nBrraMpPdmunda mi kroplastikler

kekil 16de lk&knasalt emeesdeldl mi kropl asti kil
akébeti verilmixktir.

a) Karasal ekosi ¢b)Suculekosisteq Thi el ve

kekiMi kFf.opl asti klerin kaynakl| aré ve a
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3. MKKROPLASTKKLERKN DKJER KKRLETKCKLER KLI
k KMK
Mi kroplastikler b¢gyek plastik atéklardan

(Lee ve dijJ., 2014). Mi kropl astikler -evrese
ménda b¢gyek rol gyamarkl &krir | Rddaeci k®lréané koo pl a:
kol ayca absorbe ol abilirler. Mi kropl asti kl e
tiji onlarén akébetlerinin belirlenmesinde °
yasal sorpsiyon denrngng kingyasal komgozigydnanatioyuk t i pi ne,
tuna bajlé olarak dejikir (Wang ve dijJ., 201
|l asti klerin renklilere g°re daha fazla PCB a
mal ar g°stermiktir ikkil eorreg aenmikl ibmil,e kdiokjlaelr isne dpi
raklara g°re en az 1iKki kat daha fazl adér ( Ma

Tablo 16de mikroplastikler ¢zerine absorp
laré verilmicktir.

Tablol. Bazé pl asti k t ¢r | larleticilerth&onsargraspi t edi | en
yonu

Plastik tipi Kirletici Konsantrasyon Kaynak

Fragments  ve PCBs 491 ng/g(pellets) 243118 Col abuono v
pellets ng/g (fragments)

Pellets PAHs 1301 27.735 ngl/g Fisner ve d
Pellets PAHs 737-39,763 ng/dPE) Fisner ve d

8719252 ng /g(PP)

227780 ng/g(Fe) 4527\Vedol i n ve
ng/g (Al)

Pellets A

—>
M
—

4. MKKROPLASTKKLERKN EKOTOKSKKOLOJKK ETKKI

Mi kroplasti klerin en °neml:i -evresel et ki l
ve canl éelar taraféendan yiyecek saneéel arak t ¢k
l an organi zmal arén b¢y¢mesi, dojurganl éeje ve
hemdek myasal) °nemli zararlée etkilere yol a-t
Chua ve dij ., 2014) . Etkilerin savunmaséz oI
mi kropl astiklerin varl éjéna daha duyarl é& ol a
ol duju gtster iMihkiropl astiklerle ilgild@ bazé
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polistirder]efrinlBEC97 mg/ L, polietssl eni min 0.
dejeri 0.58 mg/ L, sdell edm poo I5i4s tmigr/ eln oil -airm kE @ e
(Casada 3®; dBgdr.gamli0 ve dij., 2017). Mi kropl a
kl orofil i -erijinin ve fotosentez aktivitesi
Mi kropl asti kler ayréeca dojrudan fizi ksel has
ozmoti k basemaéweatroknsi k ki myasall arén sal én
ve dij ., 2019) .

Memel il erin vgcuduna giren plasti k par-aceé
absorplanmal aré bekl enmezken, <150 Om ise |e
ise damarlardaabsop | anmal ar é, 020 Om ise organlara ul
organl ara ul akmal aré, kan ve beyin araseénda
m¢mkeéen ol abilir. Tablo 26de | aboratuvar - al é
aldekl adent esgiatni gdnial ar ver il mikt:i

Tablo 2. K¢ - ¢ kK pl astik par-acéklaré vyuttuju t
(Aldray, 2011)

Ekosistem Ter Plastik Kaynak

boyutu
Echinoder- Holothuria fieldana,H. gri- | Mesoplastic | Graham ve Thompso
mata sea, Cucumaria frondosa, 2009
Thyonella gemmata

Mollusca Mytilus edulis Microplas- Browne ve
tics

Lug Worms Arenicola marina Microplas- Voparil vV e
tics Teuten ve

Birincil trofi k sevi ymildopl&siiklerbesimkire!| ar t ar af
cirine aktareélabilirler. Bal da, Keker de, t uz
| asti kler tespit edilmiktir. Tablo 36de fark

konsantrasyonl ar é
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Tablo3.Farckddka ¢r¢nl erinde tespit edilen mikr
Numune [Konsantrasyon Plastik tipi [B° | ge Kaynak
Bira 21 79 lif/L, Lifler, Almanya Liebezeit ve
121109 fragmaniL, fragmanlar, Liebezeit 2014
2166 grang¢l / Lijgrangl
Bira Oil43parti k¢l [ |Lifler, ABD Kosuth
fragmanlar 2018
Tuz 55006 81 part i KLifler, ¢in Yang ve
tuzu fragmanlar,
43364 par ti kdpeletler
71204 partikyeg
Tuz 16i 84 tane/kg deniz tuzu |Lifler, Terkiye G¢ndoj du
8i102 tan/ kg |[fragmanlar,
9i 16 tane/kg kaya tuzu  [filmler
Bal 166 N 147 | ilLifler, frag{Al manya, F |Liebezeitve
9 N 9 fr agma|manlar Kspanya Ve |Lebezei, 2013
Musluk [0-6 1 par ti k¢l |Lifler, frag- K¢ b a, EkvaKosut h
suyu manlar, film4tere, Fransa, Almanya,|2018
suyu ler Hindistan, Endonezy|
Krlanda, K
Sl ovakya,
Uganda, ABD
5. SONUC¢
'l kemi zde mi kroplastikler ile a@dgili yapel
bir sénérl andérma bul unmamaktadeér Bazé ¢1 ke
séenérl amaya y°nelik -al ékmalar varder ¥rnej
srénlerinin imalatéené yasakl améxk, 2019 yeéel eéen
KKkné yasakl ayacakter Yeni Zel anda ve Ksvi-r.
crénlerini, Tayvan mi kroplastik i-eren sa- v
Kore mikroplastik i-eren temizlik ¢renleri Y,
Ayreeal yél éna kadar Avrupa Birlijionde tek
nacaktéeér il kemi zde ise 2019 yéle itibari i
ril mi ktir Genel ol arak ulusl araraseée ejil i m,
maktekroMl asti kler ile ilgili daha fazla -al
dan gerekli ©°nlemlerin alénmasé gerekmektedi

23



Senar AYDINT Mu h a mme di MéhmétEmin AYDINT Ar zu UL VK

KAYNAKLAR

Ali, M.l.,, Ahmed, S., Robson, G., Javed, I., Ali, N., Atig, N., Hameed, A., (2014)
iHameed, I sol at i o oterizatiord of potyMingl cchidrice r char a
(PVC) plastic degrading fungal i sol ateso
(2014) 1827.

Al i mi | 0. S. , Farner Budar z, J ., Hernandez, L

and nanoplastics in aquatic environments: aggi@gadeposition, and enhan-
ced contaminant transportodo Environment al

17041724.

Andrady, A. L., (2011) AMicroplastics in the
Bulletin 62, 15961605.

Au, S.Y., Bruce, T.F., Bridges, W& | ai ne, S.J. , (2015) iRespon

azteca to acute and chronic microplastic
logy and Chemistry34, 2562672.

Browne, M. A., Dissanayake, A., Galloway, T.S
roscopic plastic translocaéo the circulatory system of the mussel, Mytilus
edulisdo Environment al Scibeh.ce & Technol og)
Chua, E. M., Shimeta, J., Nugegoda, D., Morri
milation of polybrominated diphenyl ethers from microplastigghe marine
amphi pod, Al l orchestes compressaodod Environ
48, 81278134.
Col abuono, F. I ., Taniguchi, S., Mont one, R. (

and organochlorine pesticides wun plastics
tion Bulletin 60, 636634.

Fi sner , M. , Maj er , AL, Taniguchi, S. , B2cego
lour spectrum and resiype determine the concentration and composition of
Polycyclic Aromatic Hydrocarbolaos (HPAs) i
tion Bulletin 122, 32330.

Fi sner , M. , Tani guchi, S. , Mor eir a, F. , B2 ce
aromatic hydrocarbons (HPAS) in plastic pellets: variability in the concentra-
tion and composition at different sediment depths in a sandy hea Mar i ne
Pollution Bulletin 70 (12), 219226.

Fossi, M.C. Marsili, L. Baini, M. Giannetti, M. Coppola, D. Guerranti, C. Caliani, I.

Minutoli, R. Lauriano, G. Finoia, M.G. Rubegni, F. Panigada, S. Berub, M.
Urban Ram?2rez, J. P a ndnd microplastics{ thé® 1 6 ) AFin

24



Mi kroplastikler ve ¢tevresel Et kil eri

Mediterranean Sea and the sea of Cortez
209 (2016) 68r8.

Graham, E.R., Thomp sandtsyspehsicieedingsea?ccOn®) nDeposi
bers (Echinodermata) i ngemimeqgalMast i ¢ fragm
rine Biology and Ecology 368 (1), 229.

Guzzetti, E. , Sur eda, A Tej ada, S. , Faggi o
gani sm: Environmental and toxicological e

and Pharmacology 64 1641.

G¢ndo] 2W,183. ACont amination of table salts fr
Food Additives & Contaminants: Part A: Chemistry, Analysis, Control, Expo-
sure & Risk Assessment. Foreword 18.1

He , D. , Luo, Y., Lu, S. , Li u, sMsails: Song, Y.,
Anal ytical met hods, pollution characteris
Analytical Chemistry 109 16372.

HidalgoR u z , V., Gut ow, L., Thompson, R. c. ., & TF

the marine environment: A review of the methodsdufor identification and
guanti ficationd EnvironmenB&3 Science & T

Hurl ey, R. R., Nizzetto, L., (2018) nFate ani
soils: knowledge gaps and possible riskso
Sciene & Health 1, 611.

Jiang, JQ. , (2018) AfOccurrence of mi cropl astics
ment: a reviewd Sustainabl @3 Production anc¢

Kosut h, M. , Mas on, S. A. , Wattenber g, E. V., (
oftapwa er, beer, and sea salto PL0oS One 13 (

Lee, H. , Shi m, W. J. , Kwon, J. H. , (2014) fiSor
rophobic organic chemical so -4Gk(®ence of th
15451552.

Liebezeit, G., Liebezeit, E., (20013 A-Noh | en particul ates in hone

Food Additives & Contaminants: Part A: Chemistry, Analysis, Control, Expo-
sure & Risk Assessment. Foreword 30 (12), 22360.

Liebezeit, G. , Liebezeit, E. , (20h4) ASynt he
beerso Food Additives & Contaminants: Par't
Exposure & Risk Assessment. Foreword 31, 15348.

25



Senar AYDINT Mu h a mme di MéhmétEmin AYDINT Ar zu UL VK

Lithner, D. , Lar sson, i, & Dave, G. (2011)
king and assessment of plastic polymersbased c hemi cal composi ti on
ence of the Total Environment, 409, 388924.

Mato, Y., Isobe, T., Takada, H., Kanehiro, H., Ohtake, C., Kaminuma, T. , (2001)

APl astic resin pellets as a transport med
envi r on menmental SEiemce i& Merhnology 35, 3324.

Rillig, M. C. , Ziersch, L., Hempel, S., (201
earthwormso Scientific Reports 7 1362.
Scheurer, M. , Bi gal ke, M. , (2018) AMi cropl as

mental Sciace & Technology 52 3593598.
Teut en, E. L., Rowl and, S.J., Gall oway, T. S. ,

plastics to transport hydrophobicm contam
Technology 41 (22), 7759764.

Thiel, M.,LunaJ or qu e r a, -Vaas,,R., Galldrde, £, Hirojosa, |.A., Luna,
N., MirandaUrbina, D., Morales, N., Ory, N., Pacheco, A.S., PorTIlittro,

M., Zavalaga, C., (2018) Al mpacts of Marin

tal Coasts to Subtropical &8 Fish, Seabirds, and Other Vertebrates in the

SE Pacifico Frontiers in Marine Science
Vedol i n, M. C. , Teophil o, cC.Y. S., Turr a, A.

bility in the concentrations of metals in

tion Buletin 129 (2), 487493.
Voparil, .M., Burgess, R.M., Mayer, L.M., Tien, R., Cantwell, M.G., Ryba, S.A.,

(2004) AfDi gestive Dbioavailability to a de
polycyclic aromatic hydrocarbons associ at
Environmental Toxicology and Chemistry 23, 262G26.

Wang, F., Wong, C. S. ., Chen, D. , Lu, X. , Wa n
of toxic chemicals with microplastics: A
208-219.

Yang, D., Shi, H., Li, L.L i J . , Jabeen, K., Kol andhasamy,
pollution in table salts from Chinado Envir
1362213627.

Zhou, Q. , Zhang, H. , Fu, c., Zhou, Y., Dai ,

distribution and morpslogy of microplastics in coastal soils adjacent to the
Bohai Sea and the Yel-208w Seao Geoder ma 32:

26



YALOVA KENT ME REKKEYZKLNGMA T K K
KONFOR Y¥N! YLE DEJERLENDKRKLMESK

Dr. ¥Jr. !yesi Ahmet KO¢
Il Jdér | niversitesi
¥zet: Kent sel al anl ar da hekem segrem 0kl im

mek©nl arda ge-irdikl eri aktivitelerin tamameé
sanl xraek®sl|l aréenda ge-irdikleri sosyal zamal
et kil emektedir. Kkl im el amanl arén bu denli €
yoklimati k konforu gel mektedir. BiyoklimatiKk
olarak belileyen ndeksl erin olukturul masé yaklakéek 20
l ardeéer . Bu -al @ékmal ar sonucunda ol duk-a fazl
ti ksel yaklakéemlareée i-inde baréndéran indeks
yanénda burimgdeélsliaii nefvoesel fakt°rlerle ve
ber dejerlendiren bilgisayar modell eri de ol
merkezine ait20: 2 017 y el |l aré& araseéndaki Devl et Metro
derl ¢J ¢dne aetdesaatdil &r elerbli okl i mati k konf c
t¢em denyada yaygen ol arak kull anélan ve ol du
siological Equivalent Temperature) indeksi ve Raymanpro hesaplama modeli kulla-

nel mékter . tekan soewkéarme gdirte kialt oyal Kektp

i -in konforlu g¢n sayélaré ve saat aral ékl ar
tir.
Anahtar Kelime: Rayman, Biyoklimatik konfor, Yalova

Abstract: Climatic conditions in urban areas affect all the activities of people
outside. Climate elements affect the social taoae tourism and economy of people
in their outdoor areas. The climate is so effective that people from the beginning of
the people'sibclimatic comfort comes. The creation of indices that objectively de-
termine the conditions that are bioclimatically comfortable is the work that has been
going on for nearly 200 years. As a result of these studies, a large number of physical,
physiologicdand mathematical approaches were formed. At the same time, compu-
ter models were used to evaluate the formulas of these indexes with environmental
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factors and human characteristics. In this study, hourly data of General Directorate
of State Metrology Stains belonging to Yalova city center between 2Q087 were
obtained and PET (Physiological Equivalent Temperature) index and Raymanpro
calculation model which are widely used worldwide for bioclimatic comfort calcula-
tions were used. . According to theuks, comfortable days and hour intervals were
determined for the people in Yalova city center and necessary suggestions were
made.

Key Words: Rayman, Bioclimatic comfort, Yalova

1. GKRKk

Kkl im insanlarén yakaméné etkileyen °nemld.i
| arén bar énmaséneéeé, gi yecek, i -ecek vb. t emel
tedrrKnsanl arén yery¢zende dajél ekl aréené incel
kentselalanbkda bar énmakta ve bu oranén 2030 yéllar
mektedir. (Mirzaei and Haghighat, 2010). T¢rk
Kék %5006si kérsal kesimden ol ukurken g¢ngémg
ter. (Yeéel maz, 2®dK5)n¢ fKesg syad]j wn lanjl amuwWn d ¢ K me s
ngfus yojunlujunu artérmakta ve bu durum i se
ol maséna neden ol maktader. Bu baskeéelardan ke
yézeyl eri kent i krkménkeéXgncnwhdarhawags8eeakla
bakéméndan daha sécak ol an kentsel alanl ar i
maktadeér. (Toy and Yeél maz, 2010) . Knsaneén fi z
teje, en az enerji hbhagabpiardk]i-eveekiendi synr
ol arak en rahat hissettiji sécakl ek aral éj én

mektedir.(refrigerating and engineers, 1992). Kentsel mekanlarda biyoklimatik kon-
foru hava sécakl éj e, etkigmelgedir.(Kavakounagetrab,s f er el em

2018). Atmosferik elemanl arén termal bil eken
ol arak ifade edilir) basén- [VP] veya bajel
radyan sécakléejée i-erahegl@®edir (Tmrt). (Matzar

Bu -al ékma, Yal ova kent mer kezini kapsama
1 yélléek saatli k i klim veriler:i dejerl endire
kil erini ortaya koymayé ama-|l amaktader.
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2. MATERYAL ve METOT

2.1. Materyal

¢tal exma alanénén materyalini deni z seviy
39.9191 enl emi ile 44.0442 boylaménda ol an
tader . (kekil 1) : Ayréca -alexkmada Meteorol c
Mer kezi 6 Re0 1a8i ty&ddélatdea kd 1 yéll ek saatli k nem
ve bulutluluk veriler:i kull anéel mékteéer .

2.1. Metot

Biyoklimati k konfor «kartlaréné hesapl amak
gi cal Equi val entl993;d49389w Matdanakisd999) Hdeksipkel-
|l anél mékt ér. Bu indekse g°re insan i-in PET
(Tablo 1)
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Tablo 1. PET indeksinin termal his ve stres seviydlddppe, 1999;
Matzarakis and Mayer, 1996; Matzarakis et al., 1999)

PET( AC) Knsan Sécakl Termal Stres Seviyesi
<4 ¢ok sojuk AKkér é sojJuk
4,1-8 SojJ uk G¢-1 ¢ sojuk
8,1-13 Serin Orta sojuk
13,1-:18 Hafif serin Haf i f soj uk
18,1-23 Konforlu Termal stres yok
23,1-29 Hafi f él é Hafi f sécak
29,1-35 1 ek Orta seécakl
35,141 Sécak G¢-1¢ seéecakl
>41 tok sécak AKEér é sécak
PET indeksine ait b¢t ¢n heslawpll laanmad ma |, son
sahip olan radyasyon ve biyoklima model. ol a

t €Matzarakis and Rutz, 2005; Karakis et al., 2000)

33.BULGULAR VE TARTI kMA

Yal ova Kent mer kezi cojrafi konumu ve dif]j
KIi " nin ikklliinma ,t iMakrool ar ak, Akdeni z ve Karad
ge-i kK nitelifi takémakoatdaya ¥elkahi aker §agéae
|l i kte nem insanlareén fiziksel aktivitelerini
Yaz aylarénda sécakl ekl ar & n-klimaik kordomi n bu denl
analizlerinde dojrudanl eklké Ritrmekelki Iviee imelarn
faaliyetlerini keseéetl amaktadeéer . Késétl anan |
olana temaséné azaltmakta ve bu durum i se ek
zénda olumsuz etkiler ol uktdugrrnmacdéird.n dleenv laelté -N
nan bir yéllék saatlik verilere g°re Yal ova
l'izi yapéelméxtér. (kekil . 2).
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Yalova Kent Merkezi PET Analizi

Wioksodsk ok meem W ool whafk Wik wSck m(otsat

k e k ivdlova2Kent Merkezine Ait PET Analizi

Yapél mék ol an biyoklimati k konfor analizir
talama PET ( Physi ol ogi cal EquiACaloé mtr ake hpsmapt u
| anméktéer. Bu durum ise Hope ve Matzarakisoi
Yalova Kent Merkezinh nsan yakamé i -in genel itibarivyle
mi Ktir.

Detawyl enbéel eme yapacak olursak ; Yal ova Kert

( Ar ®tagkku b at ) Physiéldyical BRy&EvElent Temperatured)e | e r i

ile hafif sojuk strese maruz kaldeéeklareée g°r ¢
NisanMay € s ) 2 QPhysioldgal PgEivialent Temperaturel)e | e r i il e kon-
forlu olduju ve insanlarén her gibi termal s
ayl ar én dEemudAjzu gtams )  ZPhysilogidaCEqrvVEIdnt Tem-

perature)or t al amasé islee akdtéek demrecede maruz kal di
| ar & n dBkimKRyslégrl) Yal ova Ke n tPhyielogkatBrui- 23 . 4 AC P

valent Temperatured r t al amasé il e insanlarén hafif der
ger ¢l mektedir. Ay neé zza mabnudlau nYdaulj ouv ac oK ernatf i Mekrol
ikl im °2zellikleri bakéméendan yéléen her gg¢nyg
der . Bu durum ise insanlareén fizikse -eédan
l erden birisi oldujunun kanétéeder.

31



Ah met KO¢

KAYNAKLAR

Hoppe, P.1999, The physiological equivalent temperatuaeiniversal index for the
biometeorological assessment of the thermal environment, International Jour-
nal of Biometeorology 43(2):715.

Karakounos, I., Dimoudi, A., Zoras, S., 2018, The influence of biotitmaban
redevelopment on outdoor thermal comfort, Energy and Buildings 158:1266
1274,

Matzarakis, A., Mayer, H., 1996, Another kind of environmental stress: thermal
stress, WHO newsletter 181D.

Matzarakis, A., Mayer, H., Iziomon, M. G., 1999, Applioat of a universal thermal
index: physiological equivalent temperature, International Journal of Biome-
teorology 43(2):74.

Matzarakis, A., Rutz, F., 2005, Application of RayMan for tourism and climate in-
vestigations, Annalen der Meteorolodi®(2):631636.

Matzarakis, A., Rutz, F., Mayer, H., 2000, Estimation and calculation of the mean
radiant temperature within urban structures, in: Biometeorology and Urban
Climatology at the Turn of the Millenium (ed. by RJ de Dear, JD Kalma, TR
Oke and AAuliciems): Selected Papers from the ConferencellCBC, pp.
273278.

Mayer, H., Holst, J., Dostal, P., Imbery, F., Schindler, D., 2008, Human thermal com-
fort in summer within an urban street canyon in Central Europe, Meteorolo-
gische Zeitschrift 17(3):24250.

Mirzaei, P. A., Haghighat, F., 2010, Approaches to study Urban Heat tsheili-
ties and limitations, Building and Environment 45(10):2P221.

refrigerating, A. s. 0. h., engineers, a. c., 1992, ASHRAE STANDARD: An Ameri-
can Standard: Thermal Emenmental Conditions for Human Occupancy,
American Society of Heating refrigerationg and air conditioning engineers.

Toy, S. , Yél maz, S. , 2010, Peyzaj Tasar éménd
kanl aré K-in ¥nemi, At at ¢ risk40(1)i33ver si t esi
139.

Yel maz, M. 2015, T¢e¢rkiyedde Kirsal N¢gfusun

(19802 012), Doju Cojrafl8a Dergisi 20(33):161

32



ENERJKTALEBKNKN ZAMAN BAJ | MEENERJ |
POLKTKK ALARI NI N OLUK TURUKYMAESH NDAK

Prof.Dr. A. Beril TUJRUL
Kstanbul Teknik | niversitesi
¥zeBu -al ékmada, cl kel er 1 -in geé¢nl ¢k enerj
l' iti kalaréeénda yadsénamaz °nemi bulunan el ekt
makta ve zamansal dej i Ki mi incelenmektedir
mesinin yané séria devisidhskeénmakeedief riBu i ki
sinin s¢perpoze edil mesi ve b°ylece maksi mum
bil gi veril mektedir. Fazla ol arak gelecek pr o
vV e ol ke b¢eg¢yéeme oranl aré -ermektediesi nde dejerl et
Enerji politikalarénén olukturul masénda talep
gel ecek projeksiyonu i-in rasyonel kriterler
yapél masé gerekenler czerinde durul maktader.
amade santrataén ¢ zerinde durul ar ak, s®z konusu bu
kal aré i-indeki yveri ve elektrik enerjisi bafjl
séndaki °nemi vurgulanmaktader.
Anahtar Kelimeler: E1 ekt ri k tal ebi, Enerji ekonomi si
Ge¢nlalkept ejrisi, Mevsi msel talep ejrisi

Time Dependency of Energy Demand and Importance
in the Constitution of the Energy Policy

Abstract: In this study, changing of the daily energy for the countries
was taken up by electricity demand and variation oégtigated in detailed. In
addition of it, seasonal changing of energy demand examine also with the var-
iations. Both demand curves made superposed and reaching the maximum en-
ergy demand value. Moreover, developing plans and demand rising rate for the
countly evaluated for constitution of the energy policy. It was noticed on the
importance of energy demand curves in the energy policy in the point of view
future projection by using rational criteria. Furthermore, importance of the
availability for the power fants was evaluated by the point of the energy poli-
cies.

Key Words: Energy demand, Energy economics, Energy power plants,
Daily demand curve, Seasonal demand curve
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1.Girik

Yakade] émeéez - aj-edkao nsdnkiekl eolidiu eswksaydoar k¢l t ¢
rini de yaratabil mel eri ve refah d¢gzeyl erini
|l arda enerji gereksinimlerini karkél amal ar e
jumuz bil gi -ajeéenda enerjiye duyudan ihtiya-
Esas itibariyle, n¢gfus, sanayil ekme ve tekno

karkélamak halen d¢nyanén tegm ¢l kel erinin y.
[1].

¥te yandan, elektrik enerjisinin kullaném
dézZzi.ra d°P°n¢kegmegneégn kol ay ol masé ve kilometre
ménda iletilebilmesi elektrik enerjisinin ku
yi Kkl e, enerji politikalarénén ol ukturul masé
rksart r al ar énén yer. ayré bir °neme sahip bul
el ektri k ¢reti mi ve elektrik t¢gketi mi il e bt
|l anmasé ve dejerlendirilmesinde indikat°r pa

il kel er pei ntieknaelrgrié ol ukturulurken ener|j
°czellikle de elektrik enerji talebini yapmak
santral yatéerémlaré ve ilgili enerji planlam
ger ekmekt eddyilra., Dboulraaydéas ener j i talebinin zama
bir zorunluluk ol maktadeéer.

¥te yandan AEnerji Talebi o ifadesiyl e; ge
tegmeg i -in talep edilen enerji kast edi |l mekt e
enerjit ¢ ket i mi dir. AEner ji Teketimi o ile de yap
i fade edil mek istenmektedir. Birbirine yaker
t ¢keti mi arasénda ger-ekte farklelék bul unma
teriysee ner j i tal ebi karkél anabil mekt e, ancak ¢!
keséetlar nedeniyle talep karkél anamamaktadeér
eKit ise; eneriji politikalaré bajlaménda ene
lebi karkélanabil mik anl aména gel mektedir. Gen
karkélanabilir olmakta ve enerji talebi il e

Geli kmekte ol an veya az gelikmik ¢l kel erd
lanamayarak,kak €l anabi | diji kadaréyla enerji t¢keti
bakka deyi kKl e, enerji t al ebi ol maséna kar kKer
mektedir.

Bu -alékmada, ge-mik verilerin dejerlendir

~

bul edi hemrki veg¢leti mi dejerl eri ge-mi kKt ek
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edebil ece] i kabul ¢ yapéel mékteéer. Ancak, gel ec
geli kim planlamal aré -er-evesinde g°z °n¢ne
l anmaséna yk%eéelmknenegger-eklenmesine ilikkir
ol ukturul masé esaséna dayanan bir irdel eme vy

22 El ektri k Enerjisi Talebinin Zaman Baj é ml

il kel er i -in her zamaonl ndayla bmilnnieek teendeirrj.i ¥r
jin; g¢é¢negn her saatinde enerji talebi ayneée o
atlerine g°re ve /veya g¢nekin batmaseéeyl a il
dir. Keza, mevsimsel ol arodkabdd neenketrejdii rt.alBeup Ib
| amda, el ektrik enerjisi talebinin ge¢nl ¢k v

durmak yerinde ol acakter.

21.El ektri k Enerjisi Talebinin G¢gnl ¢k Dejict

El ektrik enerji talebi ¢l keden sgl keye hatt
terse de genel bir dejikim ejrisinden bahset
keye enerji tal ebi dej i ki mi derken; ©°zellikl
karkén yazén g¢n éexkeéjéndan fazla yaralanan
edi lomimakt adér. Bununla beraber b°ylesi ¢l kel
talep ejrisinden yine de bahsedilebilir. Bu
ve d¢nyada -ok sayeda ¢l keyi kapsayan él eéman
rikenerjitd ep ej ri si dej i Ki mi czerinde durul acakt

El ektrik enerji tal ebi i ncel emesi génegn b
Saat: 00.00 itibariyle ele aléndéjénda gece
binin d¢k¢gkte oldujlubavénaakadar kbuké,®grngtnoO8
ger ¢l mektedir. Bir bakka deyikle, Saat 036ce
tal ebi déeKéekKegnegn devam et ti i ve t¢ém geéeneégn e
ul aktéje tespit edil mektedir.

Bu saattenitbare i se tekrar bir y¢kselik g2zl enmel
renda tekrar gece yaréesé dejeri civarénda bi
belirl enmektedir. Sabah saatlerinde s°z konu
| akék Saat: iIr0.p0d& cyiawarraékn dad élr . Bir bakka de)
bakl ayan arteéek trendi saat 10 civaréna kadai
gestererek bu d¢ké¢k °jJl e saatlerine kadar (vy
mektedir. Busadabrmbk Saanel0l6i kkleg¢ er i mertebesine
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Daha sonra tekrar bir arteéexk tr-Bndi gzl en
zaman dilimine kadar s¢rmekte ve s°z konusu
maksi mal pi ki ni oluktdemalktoadar .i sButz&mam di
trendi baklamakta ve gece yarésénda bir bakk
al maktader . B°yl ece de elektrik talebinin gg¢
maktadeéer. kekil 16de el enkterjirk sdnegrejnielt ahlad biyn

ré¢él mektedir.

kekiEl ektrik Enerji Talebinin Genel Genl ¢k

kekil l16deki ekstrem noktalaréné ele al éép
nel karakteri ile yakeéndan ijligitlail edlidcddjnu gaml-
l ¢k dejikim ejrisinin ilk ekstremi géenegn back
dan sonra sabaha karké Saat 03 civarénda bir
Bu mini mumun ol ukmasénén nedeni topl umun b¢
uyku d°neminde ol masée olup, ¢(- vardiya -al éx

mel erin kapal é ol masé ve dolayéséyla da ener
maktader

Saat 10 civareéendaki i kinci ekstrem bir ma
Kam die- il duj u, sanayi Kuruml arénén ve dijer
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d°nemin gereksini mi olan elektrik enerjisi
bakka deyi Kkl e, géenl ¢k yakamén sabah saatl er |
enerjisitalebiartmalst ve el ektri k enerjisi t¢gketi mi de
saat diliminden sonra -exitl:@ aktivitelere ©
de Saat 12 civarénda ikinci mi ni mum ol ukmakt

Akkanr9l 7saatl eri civaréndaki i ki nci ve en
ekstremin g°re¢lmesinin nedeni i se akkam saat
denl anma gereksiniminin artéyor ol masé ve ay
ve dijenrini kdleethmel a -al ékéyor ol maséndan Kkayn
maksi mal pikin saat diliminin genik aral ekl e
dol ayéséyla mevsi mden mevsime dejikiyor ol ma

Bu saat diliminden sonraayv a k yavak bazé (°zellikle de
sanayi kuruml arénén ve dijer i kletmelerin de
dinlenme ve uyku d°nemine girmesiyle elektri
tedir. Bu d¢ke¢k | smafaaksdBemevamedadalior mi gi

kekil 16de verilen ejriye uygun ol arak ge
talebinin g¢nl ¢k deji ki mi, enterkonnekte si ¢
ifade etmemektedir. Zira enterkonnekte sistemdenydéla é yl a traf o si st e ml
beyl esi -ok pikli deji kimle elektrik -ekimi
Bundan ayré ol ar ak, elektrik ¢reten santrall
tiril mesini ger ekl k € mhaakztéa dséarn.t r Hhd tatr & nd adleav 1
kmasé vel/veya girmesinin gereklilifJini ort
Tém bu s°z konusu duruml ar , genl ¢k enerji
étéemenén g¢venlii ve g¢venilirlikle sajl anma
edemlke,|] HKO6deki gi bi bir elektrik enerji tal
oktalarénén birbirine yakl aktéreéel masé ger ek
|l kel er ge¢nl ¢k yakamén d¢gzenl enmesi konusund
akkal edjeydlkektri k enerij.i talebinin g¢nl gk de
eksinimin realistik ve rasyonel kekil de hay
anmaktader .

(o]

—>

- T T &~ S 5

Tée¢rkiye de byl esi déegzenl emel eri yapan bir
smu-lara wulakan ¢l kel er arasénda yer al makt
enerji talebinin g¢nl ¢k dejikim ejrisi (10. (
t ¢keti mi g°r ¢l mektedir.
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2. 2. Elektrik Enerjisi Talebinin Mevsi msel
El ektrik enerjisi talebinin zaman baj éml é
zamanda mevsimsel deji ki m deedenloleméktar i kK enerj i
dér. Bu bajlamda sajléeklée bir elektrik ener]j
sel dejikimin de bilinmesi ve incelenmesi ge
El ektrik enerjisi talebinin mevsi msel defj
dej i ki mi ctendndee gapemk yerinde ol acakter.
i ncel emesi i-in ayl ék elektrik enerjisi t ¢k

muz/ Ajustos aylarénda t¢ketimin maksi mumdan
aylarénda tersimge-adoli diako°micghimakmeanr [ 3]

Mevsi msel ol arak elektrik enerjisi tal ebi
den yapél mak istenirse; kék ve yaz mevsimler
ol maséna karkeén il kbahar ve soeabtaddirda( kegket
kil 3) . Hemen fark edildifji czere dejJikim ej
kéen dejerlere sahip olduju g°r¢l mektedir. B
bl gesinin singzoidal dejikime yakénsayan bi

kekil 306ten hareketle ge¢negmegzde Ter kiyedni
tim dejerlerinin dejikimi i-in yaz ve keék ma
etti i tespit edil mektedir. Burada «kunu bel:
Terkdryin el ektri k ener ji teketiminin ayl ek v
8 yell ék gelikimi temsil etmektedir.
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kekiTlkr&i yednin Son Yéllardaki

Pol i ti

El ektri k E
Ayl ék ve Mevsimlik Deji ki mi

Bundan °nceki yél | aerfdaliXBeX|it e blartieyklie )ggi°b-i

r¢l mekteydi [ 2] . Bir bakka deyikle, yaz piki
rinde, pi k elektrik t¢iketi mi ol ukmakt aydeée. S
elektrik t¢gketimi (sanayinesm ektaiznainnmans ey avze dkOl ni
kull anéménén da yaygénlakmaséyla) hézla artmn
Mmuk bulunmaktadér. Bu bajlamda, d¢nyayé et ki
al makta ol duju k¢resel i klimiidejikiminin etk
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\h__,I\H__,/éilf;ffkh__#/\h__ﬁf
Kis ilkbahar Yaz Sonbahar Kis
kekiTlr&iyednin 1999 Yéleée i-in Elektrik E
Ayl ék ve Mevsimlik Deji ki mi

kekil 306teki deji kim ejrisinde de dejikKkim
yakénsayan bir dejikim g°sterdiijeide-g®zl enmekt
jerlendirildijinde her ki ejride de T¢rkiye
mevsimlik dejikim ejrisinin dejikim b°lgesin
cak, periyodun seéeklaktéjée bir bakka deyi«kl e

T¢e¢rkiye bajl améenda, burada kKku hususu da b
yaz pikinin ulaktejeée elektrik t¢gketi mi dej er
maktadeéer . Bu husus, hayl i il gin- ol up, k¢r es
yans@&nyaaoamané ol arak nitelenebileceji gibi, ¢
nen arttejé ve ayréca (klma kull anéemé gibi)
gelmektedir.

Bu durum, elektrik santralarénén emre amac
ol maktadeéer . Bilindifji iczer e, emre amade sant
kartlarén dejikiminden etkilenmeden, her i st
séyla devreye girebilen santr al kast ediliyo

n¢keer santralar emre amadeblsantral ar ol ar ak
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3. Enerji Politikal arénén Olukturul maseénda

Enerji politikal aréneén gel ecek projeksiy
enerji tal ep tahumimaik t®ardeeml.i Elmierr jyert al ep t ah
enerji t¢eketim ejrilerinden hareketle yapeéel
enerji talebi tahmini yapabilmek i-in g¢nl ¢k
uygun ve dojru bir yaklakém ol maktadér .

Burada kKkunu belirtmek gerekir ki rasyonel
pabilmek i-in ¢l kenin en y¢ksek enerji téiket
°n¢gne al énarak genl ¢k el ektri k eneriji tal ebi
] erdaernekhet |l e enerji pl anl amal arénda kull aneéelr

Ancak, sadece bu ul akélan dejerle -al ékmal
santralar emre amade, bir bakka deyi kle g¢nl
ol arak her i gteggredigjiir ezveemeerk tcecew eya ayréca t a
gi rememektedir. Fazla ol arak, emre amade san
bil mektedir. Bu bajl amda, maksimum ge¢nl ¢k el
AnMarijinal El ekt r iod ukn eurrjuil nilasslée py eEjerkimseikd reidn r
i -inde bulunul an zapnalni tsi¢gk egli arel a rma kik- inn eder
l ep ihtiya- ejrisine ulakélmek ol maktader. k
tahminine ilikkin ioleuckgeéunrliu¢g ka nd emfairkiijnm neajlr ipsaiy éc

S°z konusu marijinal pay, ¢l kel erde far kil
der . En az % 10 ol masé bekl enir. Ancak, bu
sénérl e kullanéeldéjéelhalmi &r ¢il kieh ebide biumiptayaé
306l ardan baklayarak daha y¢ksek oranlarl a e
duju g°zlenmektedir.

Gel ecej e iploilkiktiink epnlearnjliamal ar én yapélabil
gibi marijinal elektrik enerjisi talepjer i si ne, ¢l kenin gel ecek proj
gel ecek kal kénma programlareé -er-evesinde ©°n
|l amda elektrik enerji talebinin ne oranda ar
gerekmektedir. Bu Dbtakjeheq raldbmin getpeek tahmininer i | mi Kk e |
ili kkin olukturulan g¢nl ¢k dejikim ejrisi ke

41



A. Beril TUJRUL

Marijinal Uretim

Marijinal Uretim Sebeke

Egrisi Gerilimi
Gereksinimij

kekiEl ektrik Enerji Talebinin Gelecek Tahmini

Payda¢inlg k DejJikim Ejrisi

Gelecek

k e k ElektriiGEnerjiTald i ni n Gel ecek Tahminine KIlikkin
Genl ¢k Beii i m
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4 . Sonu-

Sanayi devriminden bu yana k¢resel ©°1 -ekt e
tejée denyaméeézda her ¢l ke i -in enerji pl anl am
nen ol wet ur-dlnmanerji projeksiyonu ve enerji
maktadéer. Enerji talebi i-inde bakat bir yer
°ncelikle ¢zerinde durul masé gereken konuyu

El ektrik enerj il atraabkmibnaik il -mans éi sgee rielkke no par
ge-mi kteki elektrik te¢gketim dejerleri ol makt
bu dejerlerin ayl ék ve mevsimsel dejikimi ba
ol du g¢ne ilikkin dajderin BBiyllienm&«die,° e ke@kn
enerji talebinin karkélanmasé m¢gmkeéegn ol abil e

Bu dejerlerin geleceji pl anl ama bajl aménd:
kenin genel hedefl eri ve politikalaréndan ha
mal @ridn nmesi gerekmektedir. Bir bakxka deyi kl
l er i g°z °n¢ne al énarak |l ojik elektrik talep

Tém bu hususl ar g°z °n¢gne al énarak gel ece
talebinin rasyonelBitmahmanka°agyirglebiémer | i
listik tahmini belirlenebilir. Elektrik enerjisi talep tahmininden hareketle elektrik

santralé yatéréemlareée y°nlendirilebileceji gi
rena da y°n veol debk]|] egbkeimge-magl|l anerji t ¢
dejerlerinden hareketle bir korelasyon ol ukt
ge-ilebilir ve Db°ylelikle de enerji yateéereéeml
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WATER -YIELD RELATIONSHIPS IN DEFICIT
IRRIGATED PEA IN GREENHOUSE CONDITION

Serhat AYAS
University of Uludag

INTRODUCTION

Enoch and Enoch (1999%tated that greenhouse cultivation was an agricul-
tural sector growing steadily worldwidBriassoulis et al. (1997)pointedout that
the majority of the greenhouses in Europe were in the center and in the north and that
these greenhouses are high costly structures with climatic control systems. Same re-
searchers reported that this situation has changed dramatically in reasnanga
that the current greenhouse presence has shifted to seaside areas of the northern and
southern edges of the Mediterranéafittwer and Castilla (1995) stated that tem-
perate areas use the Mediterranean greenhouse type and this greenhouse type is low
cost, unheated plastic covered building&hajan and Singh (200§ found that
product cultivation was carried out in more than 50 countries recently for commercial
purposes.

In 2014 year world pea production is 11 200 000 tons and the largest share in
peaproduction belongs to the American Continent with 4 400 000 tons. Canada,
Russia and US are the worl dds three biggest
and 778 000 tons, respectiveAOSTAT 2015). Turkey is one of the fewest pea
producer with 2 00@ns in the worldFAOSTAT 2017).

The nutritional value and agronomic advantages of garden pea (Pisum sativum
L.) contributed to the increase of its production and use in cropping systems
worldwide(Mc Phee, 2003 Garden pea (Pisum sativum L.) isiarportant winter
vegetable in the nortlvestern Himalayas of Ind{@andey et. al., 2006 Reports
are available on performance of garden pea under inorganic condikbtiar(et.
al., 2001; Raghav and Sharma, 2003; Sharma et. al., 2008nder semarid con-
ditions, it was indicated that water stres was apparently a major factor responsible
for low seed yield of the pea cr@dartin et. al., 1994; Mc Phee and Muehlbauer,
1999. Irrigation positively affected the plants during the sensitive flowering add p
formation period and increased pea seed yields in both locations. However, positive
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effects of irrigation were limited in Konya and more evident in Ankara, Turkey
(Tamgoc et al., 2009 The sensivity of peas to drought stres during flowering and
pod filling stageKnott (1987) and the effect of irrigation have been reporte&hly

ter (1962), Salter (1963aandSalter (1963b) at Wellesbourne, Warwickshire and
in the USA byPumphrey and Schwanke (1974)Shalter (1962)and Shalter
(1963a)showed that thereras a response to irrigation at flowering but not to appli-
cations of water in dry conditions during the vegetative growth stages.

Ritchie and Johnson (1990have reported that soil water shortage caused by
low water limit values in certain crop and soil condition can be prevented by irriga-
tion planning, furthermore, irrigation planning predicts the last date for irrigation and
that water stress allows effegtiirrigation to avoid adverse effects on crops. While
inadequate irrigation reduces production because it causes water stress in crops, ex-
cessive irrigation reduces crop productivity. For this reason, the importance of the
drip irrigation is great duringrigation date. Evapotranspiration based approaches
(Bar-Yosef and Sagiv 1982; McNeish et al. 1985; Clough et al. 1990; Hartz 1993)
or Bogle et al. (1989Who cared about controlled soil water consumption have used
drip irrigation in order to form sameaining strategies. Class A Evaporation is a
largely used method for estimating CWU, which combines evaporation measured
from the evaporation pan with CWU. The pan coefficient (K pan) expresses the re-
lationship of these two amounts. In an approach withrdegathe Kp, there is no
complicated measurement process and it is known as one of the easiest methods in
irrigation planning. Prediction of the value of k is often difficult when considering
local and regional differential features, soil features, phéuysiology and cultural
practices.Yuan et al. (2003noted that the estimaté&dvalues for regional irrigation
programming are too low for effective irrigation management, but high enough to
eliminate the water stress that may arise in emergency amjzErocal conditions.

The studies on pea irrigation show that climate, topography, water source, va-
riety cultural applications and irrigation management techniques and practices cau-
sing differences on fruit yield and quality. In our country,ribmber of studies done
on irrigation of pea under drip irrigation practices is quite limited. Specific studies
have been reported for the irrigation of peas in the world and in TutkegyZ d € mi r
etal. 2009Doj an et al . ). PrévibGstudids e slealy@hHbwn that
pea yield and the other quality parameters are highly correlated with the irrigation
water amounts. The target of this trial is to find out the effect of various watering
levels on pea yield, some quality parameters, ky, WUE and IWUE

46



WaterYield Relationships in Deficitrrigated Pea in Greenhouse Condition

MATERIAL and METHODS

The trial was realized in 2007 and 2008 yearsinBMrean i Kk ehi r r egi on, 8 X
m? dimensions, plastic covered greenhouse placed in the-smuth direction, high
plastic tunnel conditions. The winters are cold and rainy and the summers are hot and
arid in Yenikehir and its province. The aver .
for the region where the greenhouse experiments were made 2007 and 2008 years
were 482.9630.7 and 13:42.9°C, respectively. While the average minimal tem-
peratures for 2007 and 2008 weée61 (-5.9) °C between January and December,
the average maximatmper at ur es wer e meafManynous, as 32. 9 art
2010. The soil of the trial site was sandlay and the soil reaction (pH) value ranged
from 7.86 and 8.05. Some characteristics of the soil are presented in Tablel.

Table 1.Some of chemical anghysical properties of experimental field soil

Soil Field

) Unit weight . Wilting Total salt CaCQ  Organic

Depth Soil Type em3 Capacity | ¢ (%) p %) % tter (%)

oint (% 0 matter (%
0-30 SL 1.34 29.73 21.74 7.99 0.037 16.5 2.92
30-60 SL 1.37 27.26 19.37 8.04 0.031 29.5 1.39
60-90 SL 1.58 33.92 2372 7.86 0.034 315 1.08
90-120 SL 1.50 36.30 27.73 805 0.032 33.0 0.94

Mankozeb and Endosulfan were used as a chemical drugs against pea diseases
and insects. 120 kg/ha 21&s0ote and 120 kg/ha 46 % phosphorus bottom base dress-
ing were practised to the soil two weeks planting seedling process. When the seed-
lings started to in flowering period, 120 kg/ha 46%Knanure was added. 10 I/ha
chlorophyltethyl was sprayed againsisacts. Pea seedlings were planted on April
01 2007 and April 04 2008. The plants and rows spacing applied in the trial were
0.50 m and 0.50 m, respectively. Each plot has involved 25 seedlings of pea. From
the middle of each plots were harvested 9 plastsample plants, considering that
water would leak from adjacent plots. The pod width and the pod length of the pea
taken as an example were measured with a calipers tool and the average values was
measured. The dry matter ratio of the pods were spetijiettying the samples (at
65°C in drying oven). The dry matter ratio was found by usik@AC, 2000).
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The experiment coincidence blocks were organized with three repetitions and
14 experiment treatments were randomly distributed. The size etpleeiment plots
was 4 M (2.0 m x 2.0 m). The intervals between the plots were 0.75 m, and blocks
were placed with 2 m intervals. In each plot, the intervals between [deest were
0.50 m and the intervals between plants in the same line were 0.Btbreath plot,
25 plants were planted. In order to avoid the effect of neighboring plots, only 9 plants
in the middle row were harvested. The detail of one of the experimental plot is shown
in Figure 1.

20m >
++ + + + A
+ + + + +
+ + + + + 2.0m
+ + + + +
+ + + + +
v

Fig. 1. The detail of a plot

Fourteen different irrigation treatments were formed depending on full or def-
icit irrigation applications in the periods of vegetative, flowering, yield foronadind
ripening. In the deficit irrigated plots, F0-25% of the water necessary to increase
the available/ existing moisture to the field capacity was given, while in the fully
irrigated plots, all of this water was applied. According to this, irrigatieatments
were formed like this: M)(FlooYlodqloo, V75FYR, VsoFYR, V25FYR, V|_75YR,
VFsoYR, VFYR, VFY75R, VFYs0R, VFY25R, VFYRys, VFYRso VFYR2s5 VoFoY 0Ro
(Table 2.).
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Table 2.Experimental treatments

Irrigation Growth Stages
treatments Vegetative Flowering Yield Formation Ripening
E100V100Y100R1
+ + + +
00
+ %25 Water Defi
V75FYR ) + + +
cit
+ %50 Water Defi
V50FYR ) + + +
cit
+ %75 Water Defi
V25FYR ) + + +
cit
+ %25 Water Defi:
VF75YR + ) + +
cit
+ %50 Water Defi:
VF50YR + ) + +
cit
+ %75 Water Defi:
VF25YR + i + +
cit
+ %25 Water Defi
VFY75R + + ) +
cit
+ %50 Water Defi:
VFY50R + + )
cit
+ %75 Water Defi
VFY25R + + ) +
cit
+ %25 Water Defi:
VFYR75 + + + )
cit
+ %50 Water Defi
VFYR50 + + + _
cit
+ %75 Water Defi
VFYR25 + + +

cit

VOFOYORO - - -

+: Water application in the specified periedyVithout irrigation
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In the trial, the plants were irrigated drip irrigation method and water was pro-
vided from an irrigation well. The specific features of the irrigation water utilized in
the study are given ifable 3. The water has lesodium risk, has a medium EC
and is in GS; class. In growth periods of plant, the damp contains of the soil was
followed before and after irrigation with a gravimetric method in every 30 cm till 120
cm depth.

Table 3.Specific properties of water used in the trial

Na* K* ca*  Mg*
water e (10)
Source (me LY PH Class SAR
Deep well 715 2.3 2.56 9.25 5.7 7.12 CSy 0.85

ET, was calculated by meanswediter balance equatigiq. 1)(Howell et al.,
1995

ET=1+ P-R¢- D,NDS (1)

Where, ET represents the evapotranspiration, | shows the irrigation water
(mm), P is the precipitation,:s the surface flow (mm), s deep drainage (mm)
andDS is the between two sailater changing in effective root depth (mm/90 cm).
Before planting seedlings, water was used to the pea with the drip irrigation method.
Total precipitation (P) and surface flows[Rvas omitted and the soil moisture be-
tween the depths of 90 to 120 cm o€ ts0il is accepted as

the deep drainage (P However, during the growing period, soil moisture
changes between 90 and 120 cm were not followed and the deep drainage was ac-
cepted as fA00. In this trial, t heher el ati onsh
Steward Model (Eq.2)Stewart et al. 1975; Doorenbos and Kassam 1979 he
equation can be showed as;

Yao )& ETao

9 Ym— ETm—

Where Yn (t/ha) and ¥ (t/ha) are maximal and real yield, respectivelynET
(mm) and ET(mm) are maximal angkal evapotranspiration, respectively. The yield
response factor is shown as MVUE values were determined to assess irrigation
efficiency in treatments. WUE and IWUE terms refer to contribution of irrigation
water to effective use of plant productiongga Bos, 1980. The ratio of yield

(2)
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(YLD) to ET.expressed as WUE and it is demonstrated as WUE=Y LIKgINT).
IWUE was predicted by the following equation;
_YLD- YLD

IWUE(tha*) = oA 3

Where YLDis yield and YLDainted iS the yield found from the rainfed treat-
ment, IRGA is the seasonal water amount (mm). The damp content of the soil till 90
cm depth was calculated before the seedlings were planted into the soil. Irrigation
levels of all treatments were completed in kel of field capacity. In 2007 and
2008 years, irrigations were started on 01 April 2007 and on 04 April 2008 and irri-
gation was done every 7 days. The irrigation water for the four growth stages are
given in Table 4.

Product efficiency and quality paneters are evaluated. Variance analysis
was done with the values of product productivity and productivity components by
using MSTAT-C and MINITAB software $teel and Torrie, 1980.

RESULTS

In the experimental years, maximum irrigation water vedgained in
E100V100Y 100R100 treatment as 524 536 mm and minimum irrigation water was ob-
tained in BV oY oRotreatment as D 0 mm respectively. Seasonal water consumption
of the pea (EJ) increased with the rise in the amount of the applied irrigatioarwat
In E100V100Y 10dR100and BVoY oRo treatments, it was calculated as 20095 mm in
the first year and as 190802 mm in the second year respectively. The amounts of
the applied irrigation water and yield values are given in Table 6.

Linear relationship between EJwith Y, and IW with Y, were observed for
2007 year. The relationship equation is as follovys; 0.026 ET_ 1 6.6205 withR’

=0.84 andy, = 0.0135W + 0.1876 withR* =0.95 (Fig 2 and Fig 3 ). Linear relation-
ships between ETwith (Ya), and IW with Y, were observed for 2008 year. The re-
lationship equation is as follow¥, = 0.0284T_1 7.9413 withR® =0.83 andY; =

0.01368W + 0.1951 withR? =0.95 (Fig 3 and Fig 4).
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Table 4.The irrigation water applied for the four growth stages

Irrigation Water (mm)

Konular Vegetative Flowering Yield Formation Ripening Total
2007 | 2008 2007 | 2008 2007 [ 2008 2007 [ 2008 2007 [ 2008
VioFio0Y1oR00 1100 1100 1300 1200 1100 1100 1140 1180 4640 4580
V7sFYR 825 825 1300 1200 1100 1100 1140 1180 4215 4305
Vs0FYR 55,0 55,0 1300 1200 1100 1100 1140 1180 4090 4030
V2sFYR 275 275 1300 1200 1100 1100 1140 1180 3815 3755
VF7sYR 1100 1100 975 90,0 1100 1100 1140 1180 4315 4280
VFs0YR 1100 1100 65,0 60,0 1100 1100 1140 1180 3990 3980
VF2sYR 1100 1100 25 300 1100 1100 1140 1180 3665 3680
VFY75R 1100 1100 1300 1200 825 825 1140 1180 4365 4305
VFYsR 1100 1100 1300 1200 550 550 1140 1180 4090 4030
VFY25R 1100 1100 1300 1200 275 275 1140 1180 3815 3755
VFYR75 1100 1100 1300 1200 1100 1100 855 585 4355 3985
VFYRso 1100 1100 1300 1200 1100 1100 570 590 2070 3990
VFYR25 1100 1100 1300 1200 1100 1100 25 295 3785 3695
VoFoYoRo 00 00 00 00 00 00 00 00 00 00

Crop evapotranspiration for the different growth stages according to the treat-
ments are given in Table 5.

Table 5.Crop evapotranspiration for the different growth stages

Crop Evapotranspiration (mm)
Konular Vegetative Flowering Yield Formation Ripening Total

2007 | 2008 2007 [ 2008 2007 [ 2008 2007 | 2008 2007 | 2008

Vi00FiooY 10100 120 130 160 164 140 148 100 100 520 542
V7sFYR 85 110 150 156 136 144 89 97 460 507
VsoFYR 80 9% 150 153 133 142 9% 9% 457 484
VasFYR 60 65 147 149 130 132 91 %3 428 439
VFsYR 118 115 126 124 129 129 82 80 455 448
VFs0YR 115 12 118 128 134 128 83 7 450 445
VF2sYR 114 110 114 116 132 132 90 85 450 a3
VFY7R 115 114 148 152 124 120 85 84 a2 470
VFYsiR 113 13 144 150 116 112 84 81 457 456
VFY2:R 110 110 149 147 86 92 82 80 427 429
VFYR7s 17 116 150 150 133 136 90 88 490 490
VFYRs0 115 114 147 148 130 134 7 1 466 468
VFYR25 114 13 143 144 130 131 56 60 “3 a8
VoFoYoRo 50 60 90 100 80 90 60 70 280 320

According to the research results, irrigation applications significantly affected
the yield (Fig. 2 and Fig. 3), and when they were evaluated as the values of both of
the years, the highegalues of yield for 2008 and 2008 years were obtained as 6.22
t hal and 6.18 t hafrom Vi00F100Y 10dR100 treatment, respectively (Table 7 and Table
8).

When the full irrigation treatment was compared with the deficit irrigation
treatments, yield drops/losses were measured as 1.1%, 2.0%, 4.7%, 5.4%, 7.2%,
8.2%, 8.2%, 10.3%, 10.3%, 12.1%, 12.7%, 38.2% and 6120.0% in 2007 and 1.3%,
3.0%, 3.9%, 4.8%, 5.6%, 8%, 8.0%, 8.8%, 10.8%, 11.8%, 18.9%, 36.1% and
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6080.0% in 2008. In the study, it was found out that that deficit irrigation has a sig-
nificant effect on yield and quality parameters at P<0.05 level.

While a positive linear relationship was found betweenatheunt of irriga-
tion water and the yield, pod width, pod length, number of seeds per pod, 100 seed
weight; a negative linear relationship was found between the amount of irrigation
water and dry matter ratidccording to the relationship, these resulerevfound:
pod width (2007)=0.0033IW + 0.354, R=0.91 ancpbod width (2008)=0.0033IW
+ 0.5685, R=0.91 (Fig. 4.a.); pod length (2007)= 0.0198IW + 3.4244=R.90
and pod length (2008)= 0.0195 + 3.732%4 R.90 (Fig. 4.b).

Table 6. Relationship beveen the decrease in water use in yield and yield
response factor for pea irrigated by a drip system in 2007 and 2008 years

Irrigation Yield (t ha) Water
Treatment (mm) ETa (mm) ETa/ETm Ya/Ym  1-(ETa/Etm] 1-(Ya/Ym) ky ky
V/100F100Y100R100 6,22 464,0 520,00 1,000 1,000 0,000 0,000 0,000
VrsFR 6,15 421,5 460,0 0,885 0,989 0,115 0,011 0,098
Vs0FYR 5,90 409,0 457,0 0,879 0,949 0,121 0,051 0,425 0,316
V2sFYR 5,75 3815 428,0 0,823 0,924 0,177 0,076 0,427
VRsYR 5,55 4315 455,0 0,875 0,892 0,125 0,108 0,862
VEoYR 5,52 399,0 450,0 0,865 0,887 0,135 0,113 0,836 1,251
VREsYR 4,50 366,5 450,0 0,865 0,723 0,135 0,277 2,054
VFYsR 5,75 436,5 472,0 0,908 0,924 0,092 0,076 0,819
VFY¥oR 5,64 409,0 457,0 0,879 0,907 0,121 0,093 0,770 0,703
VFYsR 5,64 381,5 427,0 0,821 0,907 0,179 0,093 0,521
VFYRs 6,10 4355 490,0 0,942 0,981 0,058 0,019 0,334
VFYB 5,94 407,0 466,0 0,896 0,955 0,104 0,045 0,433 0,408
VFYR25 5,80 378,5 443,0 0,852 0,932 0,148 0,068 0,456
VoFoYoR 0,10 0,0 280,0 0,538 0,016 0,462 0,984 2,132 2,132
" 0962
Irrigation Yield (tha?) Water |
Treatment (mm) ETa (mm) ETa/ETm Ya/lYm 1-(ETa/Etm 1-(Ya/Ym) ky ky
\/100F100Y100RL00 6,18 458,0 542 1,000 1,000 0,000 0,000 0,000 0,000
V7sFR 6,10 430,5 507 0,935 0,987 0,065 0,013 0,200
V50FYR 5,90 403,0 484 0,893 0,955 0,107 0,045 0,423
V2sFYR 5,20 375,5 439 0,810 0,841 0,190 0,159 0,834 0,486
VEsYR 5,58 428,0 464 0,856 0,903 0,144 0,097 0,675
VEoYR 5,53 398,0 457 0,843 0,895 0,157 0,105 0,671
VEsYR 4,54 368,0 455 0,839 0,735 0,161 0,265 1,653 1,000
VFYsR 5,80 430,5 490 0,904 0,939 0,096 0,061 0,641
VFY¥oR 5,72 403,0 486 0,897 0,926 0,103 0,074 0,720
VFYsR 5,68 375,5 483 0,891 0,919 0,109 0,081 0,743 0,702
VFYRs 6,00 398,5 490 0,904 0,971 0,096 0,029 0,304
VFYR 5,95 399,0 468 0,904 0,963 0,096 0,037 0,388
VFYR25 5,80 369,5 448 0,827 0,939 0,173 0,061 0,355 0,349
VoFoYoR 0,10 0,0 320 0,590 0,016 0,410 0,984 2,402 2,402
0,977
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Figure 2. The relationship between Cibfater Consumption and Yield
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Figure 3. The relationship betwekrigation Water and Yield

Number of seeds per pod (200096108IW + 3.9179, R= 0.94 and number
of seeds per po@008)=0.0118IW + 3.5651, R= 0.91 (Fig. 4.c.); 100 seed weight
(2007)= 0.0459IW + 6.1147,°R 0.91 and 100 seed weight (2008)= 0.0464IW +
6.0208, R= 0.91(Fig. 4.d.); dry matter ratio (20079.016IW + 16.719, R= 0.90
and dry matter ratio (2008)6.0162IW + 16.852, R 0.91 (Fg. 4.e.).
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Table 7.Effects of irrigation treatments on pea parameters in 2007 year

2007
Irrigation Yield (t hat) Pod Width Number of Seed! 100 Seed Weigh
Treatment (cm) Pod Length (c Per Pod (%) Dry Matter (%)
V100F100Y100RL00 6.22a 20a 13.3a 95a 30.8a 7.7f
V7sFYR 6.15a 20a 12.8ab 8.8b 26.5b 10.0de
V50FYR 5.90 abc 1.8 abc 12.4 abc 8.5bc 26.2b 10.0 de
V2s5FYR 5.75 cd 1.6 bed 12.0 bed 8.2 bed 24.7 cd 10.5 bed
VF5YR 5.55d 1.6 bed 10.6 fgh 8.0 cde 22.8e 10.8 bed
VEoYR 5.52d 1.5cd 10.3gh 7.7de 22.2 ef 11.0bc
VEsYR 450e 14d 9.8h 75e 21.1f 11.4b
VFY5R 5.75 cd 19ab 11.8 cde 8.5hc 25.6 bc 10.0 de
VFY¥oR 5.64 cd 1.8 abc 11.4 def 8.4 bc 25.3 bed 10.3 cde
VFYsR 5.64 cd 1.6 bed 11.0 efg 8.2 bcd 24.1d 10.5 bed
VFYRs 6.10 ab 1.8 abc 12.0 bed 8.7b 26.0b 9.4e
VFYR 5.94 abc 1.7 abcd 11.7 cde 8.5 bc 25.7bc 10.0 de
VFYR25 5.80 bed 1.6 bed 11.0 efg 8.0 cde 225e 10.7 bed
VoFoYoRo 0.10 04e odp P 4.0f 6.6 9 16.5a
Treatments * * * * * *
Blocks is is is is is is

** means correlation is significant at the 0.005 level. is showssigmificant correlation.

Table 8.Effects of irrigation treatments on pea parameters in 2008

2008
Irrigation Yield (t ha') Number of Seeds 100 Seed
Treatment Pod Width (cm) Pod Length (cm) Per Pod Weight (%) Dry Matter (%)
ViooFio0Yio0Ri00  6.18a 2.2a 13.2a 9.4a 30.5a 8.2f
V75FYR 6.10 ab 2.2a 12.7 ab 8.7 bc 26.3b 10.2 de
V50FYR 5.90 cd 1.9bc 12.2bc 8.5 bed 25.9bc 10.1de
V25FYR p®Hn P 19bc 11.8 cde 8.0 def 24.8bc 10.4 cde
VFE5YR 5.58 gh 1.8 bed 10.8 gh 7.8 efg 23.0de 10.7 bed
VEoYR 5.53 h 1.7cd mndp KP 75fg 22.7e 11.2 bc
VRsYR 4.54] 1.6d mnén P 7.39 2l4e 11.4b
VFYsR 5.80 def 2.0ab 11.5 def 8.6 bed 25.7 bc 10.4 cde
VFY¥oR 5.72 efg 1.9bc 11.2 efg 8.5 bed 24.4cd 10.6 bed
VFY¥sR 5.68 fgh 1.8 bcd 11.0fgh 8.2 bcde 23.0de 10.8 bed
VFYRs 6.00 bc 1.9bc 12.2 bc 8.8ab 26.2b 9.7e
VFYR 5.95 bed 1.9bc 11.9 cd 8.5 bcd 25.5bc 10.1de
VFYR25 5.85 cde 1.8 bed 11.6 cdef 8.1 cdef 215e 10.5 cde
VoFoYoRo 0.10 k 0.6e 3.7] 3.6h 6.5f 16.8a
Treatments * * * * * *
Blocks is is is is is is

** means correlation is significant at the 0.005 level. ns showssignificant correlation.
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Figure 4. Relationship between applied of irrigation water and pod width, pod
length, number of sels per pod, 100 seed weight and dry matter ratio.
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Crop yield response factor ()

Crop yield response factor (ky), demonstrates a linear relationship between
relative crop evapotranspiration and relative yield decrease. It shovesgonse of
the yield to the relative crop evapotranspiration. In other words, it explains the drops
in the yield as a result of each level of deficiency in water consumption. Seasonal
crop yield response factors (ky) were calculated as 0.96 (2007 ydad)%h(2008
year) (fig.5). With the rise in the water deficiency, ky value increased. This result is
found a bit low in terms of seasonal crop yield response factors in the individual
growth periods of the plants, while it is consistent with the crog yesponse factors
in the individual growth / development periods given in literature. The difference
between these two results may be attributed to the differences between the experi-
mental, climatic and soil conditions.
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Figure 5. The relationship betweerelative yield decrease and relative eva-
potranspiration deficit for the experimental years.
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Water use efficiencies

The average WUE and IWUE values of the experimental years, when the study
was conducted, were found different depending ortréegments (Table 10). The
WUE values were found as 0.013, 0.013, 000,812, 0.013, 0.013 kg.mhn 2007
year and 0.012, 0.012, 0.01®,012, 0.013, 0.013 kg.mhin 2008, IWUE values
were found as 0.014, 0.014, 0.016.014, 0.015, 0.015 kg.mhin 2007 year and
0.014, 0.015, 0.0140.015, 0.016, 0.016 kg.mhin 2008 year for the treatments of
vegetative and ripening periods, respectively. When WUE and IWUE values were
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taken into consideration, the highest WUE and IWUE values were found in vegeta-
tive and ripening periods and the lowest value was obtained from flowering and yield
formation periods. In other words, the highest yield was obtained and the most water
was saved with deficit irrigation only in the vegetative and ripening periods of the
pea.

Table 10.Total water use efficiency (WUE) and irrigation water use efficiency
(IWUE) values for the pea irrigated by a drip irrigation at different irrigation treat-
ments.

2007 year 2008 year
Irrigation vield (t hat) IWUE Irrigation vield (t h&)
Treatment WUE (kg/m)  (kg/m®) Treatment WUE (kg/n) IWUE (kg/r)
V1o00F100Y100R100 6,22 0,012 0,013 V100F100Y100R100 6,18 0,011 0,013
V75FYR 6,15 0,013 0,014 V75FYR 6,10 0,012 0,014
Vs0FYR 5,90 0,013 0,014 Vs0FYR 5,90 0,012 0,015
V25FYR 5,75 0,013 0,015 V25FYR 5,20 0,012 0,014
VFEs5YR 5,55 0,012 0,013 VFEs5YR 5,58 0,012 0,013
VFoYR 5,52 0,012 0,014 VFoYR 5,53 0,012 0,014
VEsYR 4,50 0,010 0,012 VPEsYR 4,54 0,010 0,012
VFYsR 5,75 0,012 0,013 VFYsR 5,80 0,012 0,013
VF¥oR 5,64 0,012 0,014 VFY¥oR 5,72 0,012 0,014
VFY¥sR 5,64 0,013 0,015 VFY¥sR 5,68 0,012 0,015
VFYRs 6,10 0,012 0,014 VFYRs 6,00 0,012 0,015
VFYB 5,94 0,013 0,015 VFYB 5,95 0,013 0,015
VFYR25 5,80 0,013 0,015 VFYR25 5,85 0,013 0,016
VoFoYoRb 0,10 0,000 0,000 VoFoYoRo 0,10 0,000 0,000
DISCUSSION

In this study, irrigation treatments significantly affected yield, pod length and
width of pea pod, number of seeds per pod, 100 seed weight and dry matter ratio.
Water requirements of pea are similar to been 350 to 5000norénbos and Kas-
sam 1979. Knott (1999)reported the total of precipitation and water use values for
the pea varied from 347 to 389 mm in Nottinghamslyan et al. (2002yeported
that water consumptive use (WCU) of cowpea was greater than that of pea and amo-
unted to 0.426, 0.532 a®d639 n¥/m? for cowpea and 0.101, 0.127 and 0.152m
for pea.Jackson et al. (2005)eported that the total water (precipitation and irriga-
tion) of pea in Conrad (USA) ranged between 2581 mm Benjamin and Nielsen
(2006)determined that applied water of pea ranged between 8352 mmD ¢ z d e -
mir et al. (2009)stated thaplant water consumptions were 19.0, 18.8, 15.5 and 12.4
liter pot! for I4, I and k treatments, respectivelp.oJ an et smetifiedt{a2 01 5)
theanrual precipitation was about 200 mm in first year and 275 mm in the second
year. In addition, the full irrigation treatment plot received 235 and 195 mm irrigation
water in respective year8yas (2017)found that irrigation water applied to crops
ranged bween 70 and 464 mm, and crop water consumption ranged between 95 and
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480 mm in Bursa province of TurkeVhese results are notably in accordance with

the irrigation water amounts and crop water consumption values obtained from pre-

vious studiegDoorenbosand Kassam 1979; Jackson et al. 2005; Benjamin and

Ni el sen 2006; D¢zdemir et al. 2009; Dojan et
2017).

The pea yield for 2007 and 2008 years ranged betweerd6l22and 6.18
0.10 t ha, respectivelyThe highest yields for 2007 and 2008 years were obtained
from theViodF100Y 100R100treatment as 6.28.18 t ha and the minimum yields were
obtained from the/oFoYoRo treatment as 0.1 t FaBased on to the results of this
study, a significant effect afeficit irrigation was observed on total yieMeld was
considerably lowered as the amount of irrigation water decreased. The rates of re-
duction in relative yield were fourab 1.1%, 2.0%, 4.7%, 5.4%, 7.2%, 8.2%, 8.2%,
10.3%, 10.3%, 12.1%, 12.7%, 38.2%da6120.0% in 2007 year and 1.3%, 3.0%,
3.9%, 4.8%, 5.6%, 6.6%, 8.0%, 8.8%, 10.8%, 11.8%, 18.9%, 36.1% and 6080.0% in
2008 year.The non irrigated treatmenY ¢FoY oRo) produced 6120.0 and 6080 %
lower yield than th&/100F100Y 100R100treatmentThis result is in agreement with those
of (Stoker 1972, Door enbos and Kassam 1979; Byan et a
2013; Dojan et al. 2015; Ayas 2017) .

Quality parameters such ascwidth, length, number of seeds per pod, 100
seed weight and dry matter have produced a similar response to deficit irrigation as
observed at yield. As expected, all irrigation treatments had higher values than the
nonwatered YoFoYoRo) treatment. These values are similar to those of previous
studies §toker 1972;Doorenbos and Kassam 197%irich et al. 2014, Singh and
Laura 2014; DoDamjnanetetalal .2 DX@BERY1idRiby as 2017
treatments have higher pod width, lengthmber of seeds per pod and 100 seed
weight than the other treatments. The lowest dry matters were found at
V1wF100Y 100R100 treatments when the highest values were observadRl oRo
treatments in every two years of the study.

The maximum WUE and IWUE values in vegetative and ripening periods for
2007 year were found as 0.013, 0.013, 0i00312, 0.013, 0.013 and 0.014, 0.014,
0.0157 0.014, 0.015, 0.015. The maximum WUE and IWUE values in vegetative
and ripening periods foi@®8 year found as 0.012, 0.012, 0.018012, 0.013, 0.013
and 0.014, 0.015, 0.0140.015, 0.015, 0.016, respective}UE and IWUE values
in the vegetative and ripenirgeriods were higher than in the flowering and yield
formation periods in 2007 and @® yearsWe may conclude that significant in-
creases in dry matter may be experienced by the increasing level of irrigation water
deficit. These results are in agreement withthosBgf@én et al . 2002; D¢zde
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al . 20009; Do Pai aat20lk;Agak 209y1P&g variety choice,

climate, soil structure and effective use of water also affect these values. As explained

by Davis et al. (2008)it may be attributed to the variety and applied cultural prac-

tices handling under different climate agdographical conditions. Crop yield re-

sponse factors {kfor 2007 and 2008 year were calculated as 0.96 and 0.98 for pea,
respectively. The specified values gf(R.96-0.98) which is equal and lesser than

1.00 shows that pea is susceptible to the w&tep yield response factor,jkalso

coincides with the values found by researchers who studied on similar issues
(Doorenbos and Kassam, 1978y an et al . 200 2; D¢gzdemir et
etal.2913;Doj an et al . 2015; Ayas 2017).

CONCLUSIONS

In this study, it was found out that irrigation applications significantly affects
yield, pod width, pod length, number of seeds per pod, 100 seed weight and dry mat-
ter ratio. As the average of the experimental years, the highest yield was 6.20 t h
and itwas obtained in Md 100 100R100 treatment. The lowest yield was obtained as
0.10 t htin VoRoYoRo treatment. Yield dropped significantly as a result of the de-
crease in the irrigation water. Relative yield decreases in the irrigation treatments in
2007 and 2008 years were 1.1%, 2.0%, 4.7%, 5.4%, 7.2%, 8.2%, 8.2%, 10.3%,
10.3%, 12.1%, 12.7%, 38.2%, 6120.0% and 1.3%, 3.0%, 3.9%, 4.8%, 5.6%, 6.6%,
8.0%, 8.8%, 10.8%, 11.8%, 18.9%, 36.1%, 6080.0%, respectively. WUE and IWUE
values of vegetative and ripeningripds were the highest of all the treatments. When
there was water deficiency, the most suitable periods were vegetative and ripening
periods, in which deficit irrigation were applied as the water application level only
in vegetative and ripening perioddth drip irrigation.
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ORD U K¥DE KARAYOLU TRAF KJ KNDEN
KAYNAKLANAN EM KSYON ENVANTERKNKN

BELKRLENMESK
Dr . ¥J]r. I YAYAi G°ksel K
Ordu | niversitesi
¥zetSon yeéllarda n¢f us asratyéeekseeyn daa kbii raritkétke mo

ve buna baj é olarak meydana gelen kirletici

I

hava kalitesi czerinde artan bir baskeé ol uktur
zamanl arda meydana gelen sel felaketl eri ve h
rindeek i s i ol duju deéegkegnegl mektedir. Bu nedenl e Or
dan kaynakl & kirletici emi syonl arénén belirler
-al ékmada 2017 yéeléenda Ordu ili genelinde t atk
gahta seyir armnlkaydYyrerk!| anaetémirsyon miktarl ar é
t°r¢, takét sayésé ve yol uzunluju kull aneéel ar ¢
leri, CORI NAIR emisyon faktorg¢ ver.i tabanéndar
takét sénéfé, yakéet t¢ng)] opmsbgengstandyggda v
olarak se-ilmiktir. Takeét sayélaré ve yol uzun
kanl ejé& Karayollarée Genel M¢ederl ¢ ¢bnegn yayeén
Hacim Haritasé verilerinden alenm Kt er Emi sy
dilikullané I ar ak 5 ki r kL&O®G, EMveS® i my(r@O,ayM@ hesap-
l anméekt ér . Sonu-lar 2017 yeéelénda Ordu il gene
g¢zergahtan atmosfere salénan kikrl etici mi ktar
i-in 1305, 8 tothon,VORCM ii--iinny;il5241n812t dld v e®nSO
ol duj unu g°stermekted|r. Rt onebi lcli éer COj - VOC,
séraseéeyla %58, 9, %55,9, %39, 8 ve %65,1 dejerl e
NOxemi syonu i -in en b¢yéik kiateéici Akmgea] & %69
fere salénan t¢m kirleticiler i-inde kamyonl ar
Bunu séraséyla %41 ile otomobiller, %4, 01 il e
ticari takeétlar takip etmektedir.

Anahtar Kelimeler: Tr af i k e mi sy o nhvanteg , emi syon e

EMEP/CORINAIR, MATLAB, Ordu

Determination of the Emisson Inventory From Road Transport in
the Provinceof Ordu

Abstract: The increase in the number of motor vehicles in recent years
in parallel with the increase in population and the related pollutant emissions
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have started to form an increasing pressure on the air quality in the city center
of Ordu in Turkey. It is believethat this pressure has had an influence on the
flood disasters and noticeable climate change that happened recently. This is
why it has become a necessity to determine the pollutant emissions caused by
motor vehicles in the province of Ordu. This studyedmined the emission
rates that are caused by moving vehicles at 15 different routes where vehicles
were counted in the general province of Ordu in 2017 by utilizing data on emis-
sion factors, vehicle counts and route length. The emission factors were se-
lected suitably from the CORINAIR emission factor database in the form of
velocity-related equations as vehicle class, type of fuel, emission standard and
engine technology. The numbers of vehicles and route lengths were obtained
from the data of the Stateighways Traffic Volume Map published by the
General Directorate of Highways of the Turkish Ministry of Transportation and
Infrastructure. Emissions were calculated separately for 5 pollutants (CQ, NO
VOC, PM and Sg@) by using the MATLAB programming langge. The results
showed that the amounts of pollutants released to the atmosphere at the 15 dif-
ferent routes where vehicle counts were made in the general province of Ordu
in the year 2017 as 1113.9 tons for CO, 1305.8 tons faor, WZ1.1 tons for

VOC, 548 tons for PM and 2.15 tons for @@®assenger cars had the highest
share for the pollutants CO, VOC, PM and,$€xpectively as 58.9%, 55.9%,
39.8% and 65.1%. For the N@mission, the largest source of pollutants were
trucks by 69.3%. Among all the polants that were released to the atmosphere,
trucks had the largest share by 51.7%. These were followed by automobiles by
41%, busses by 4.01% and lighity vehicles by 3.3%.

Keywords: Traffic emissions, emission inventory, EMEP/CORINAIR,
MATLAB, Ordu
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy

kirlilijine neden olan emisyonlar azalteéel mécx
bir késmé ho©l © Avrupa hava kalitesi standart
laréna maruz kal maktadér ve motorlu takeéetlard
| éca nedenlP¥%Gi¢imd ey zdier ikdirrl.eti ci emi syonl ar én
rupa birlifji ¢l kel erinde Hava Kalitesi Y°net
makt®ddé&remi zde de AB mevzuaténa uyum sg¢ireci -
| aré konusunda AB ¢l kel erinde yayéemlanan mev
baren uygul anmaya bakl anméxkt ér

Hava kirlilijinin sénér °tesi yapésé ve o
gereken kg¢gresel bir sorun haline gel mesi, em
cut emisyonlarén tanémlPPEminmays@En iertv ayratceernie, dso§r
belirl enmik herhangi bir b°l gede, hava Kkirle
] énadtamosf ere verilen kirleticilerin |listesi,
deki paylaréné g°sterentiiitleridtear oil maelke rnt dainjé
emi syon envanterl eri hazéerl anérken genel |l ikl
rayolunay oJ unl akél dejé, se-ilen karayollare ¢zer
yém ci hazlaré veya kamera sistemi il e yapeéeld
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faktorl eri ile belirlendiji ve °zel daj et ém
dakiatmo6 er i k daj él ém hesapl &#P8nén yapéldejé geoor

K-ten yanmalé motorl ardan atmosfere sal én
€sénmaséna kadar ge-en s¢rede ateélan emisyon
egzoz emisyonlarékee Kepbguatdandegmkeeéegwabuh:
ol ukan emisyonlar ol art™Motoéandaaf ltaxdar malk am¢ rkla
kirleticilerin b¢gyeéegk -ojunlujunu olukturan e
ol arak yanmaméx hi dr o kokarbbntan(H@),rkarborknr@os men y an mé
noksit (CO), azot oksitler (NQ , k¢kert) ,dikwkrsiun (BSIA exki kl eri v
madde (PMy) say%®M abilir

Bu -al eékmada, 2017 yélenda Ordu il:9 genel
kanl é]é& Karayol | arfé& n@eme It aMg£d ¢ rslagyjégnét ayrap €1 a
gahta seyir halindeki takétlardan kaynakl anae
takét sayésé ve yol uzunluju kullaneél arak he
NAI R emisyon fakt°r¢, Taekeét tabp@leadan pel i Umi
hez bilgileri T. C. Ul akt érma Bakanl ejé Kar ay
i-in yayénl adéjé Devlet Yollarée Trafik Hacin
yonl ar MATLAB progr aml ama (GDiNQ,VOCWPMI aneél ar ak
veSQ) ayreé ayré hesaplanméktér. ¢al @ékma kapsal
masé ile termostat a-él déktan sonr aki S¢r ¢ Kt
mék, termostatén a-él mayasbphpwkaeeamja&dyanhakadua
buharl akma yolu ile ortaya -ékan emisyonl ar
méKkKt ér Ayréca Karayoll aré Genel Mederl ¢ ¢ ot
dejéndan bu tip ara-1lardan kaynakl & emisyonl
12 Giovanni Lonati Michele Giugliane Paola ButelliLaura RomeleRugger o Tar di vo, iMaj or C
mical Components of PMi n  Mi | a Atmé¢sphere Enyilorimen€.39, 2005, s.1927.

BDeb Niemeier, fAThe Kmpact Of Kn@unpiogrStabiizedg Spati al ,
Mobi |l e Emi ss i Atmasphétio Eneinonment.87¢2008,,s.28.
4 Salvatore SajpDani el a Romano, AA methodology for the estimat|

in ur ban aAtmoapherioBEnvironment.36,0002, s.5378.

15 Metin ErgenemanMehmet Mutld Ak & n  KHikimét Arslan,T a K & t Egzozundan Kaynakl ai
Kirleticiler, Bi rsen Yayénevi, Kstanbul 1998, s. 5.

16 Dragan AdamovicJovan Dorie Mirjana Vojinovic Miloradov Savka AdamovicSabolc Paglelena

RadonieMaj a Tur k Sekul i c, AfThe Emission Of BTEX Compound:
Car Kn Accor da n cSeienddiot the Tofah EnvirbhEn@BX589, 2018, s.340.

17 John N. SeinfeldSpyros N. PandiAtmospheric Chemistry and Physics: From Air Btdin to Cli-

mate ChangeWiley, NY 2006, s. 411.
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy
Materyal ve Metod
¢al ekxkma Al ane
Ordu KI i, kuzeyden Karadeniz, dojudan Gir ¢
batédan Samsun il |l eri i dvee -5e0v0r imeitdrier .r aYk¢eznPél -
il de yerye¢ze¢e kekill eri f arak 128011a3k ngaek téa dPénre.ml Or
d°n¢gm noktasédér KI , 22.03.2013 tarih ve 28
6447 sayéelé AOon | - Klde B¢yeéekkehir Bel ediyes
Kanun ve Kanun H¢¢km¢gnde Karar n&anendaer de Dej i K
Dejikiklik Yapél masé Hakkénda Kanundéd il e by
30. B¢yéekkehiroi olup Alténordu, Akkuk, Ayba
Gol k°ovy, G¢lyal e, G¢e¢rgent epe, Kki zce, Kabadygz
Pe Kk e mb e, Ulubey ve | nye olmak ¢zere 19 il -eo
yer alan mahalle $rykbcE Lédet OptHami Fe6bdbdéeco]
ve yol ajé bilgileri g°r ¢l mektedir
DY L.
A savmezar _. ORDU &
s GA — % & GIRESUN
- ga._':P'iz i S, -
»; ;rKAB;:‘;ﬂ/Z 5 BULAN(.‘AK‘QH
: N\ “ b;ééuowg = ".,
P s0ce erJs 'A,l, :‘DEOYULHIS.-\R
)} TOKAT
kekil 1. Ordu ili cojrafi konumu ve
8T, C. tevre ve k®OhiduciKliik 2Balk7anYef e httg:/avebor e Dur um Rap

dosya.csh.gov.tr/db/ced/icerikler/sé&017-orduil --cevredurumraporu20180806100518.pdf 2017,

s.1.
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G° ksel KAYA

TakSéaty eml ar &

¢tal ékma kapsaménda Karayoll aré Genel M¢ d ¢
pelan 15 ayré karayolu dikkate al énméexteér. B
bakéméndan kentin hava kalitesini direkt ol a
lar € Genel M¢derl ¢ ¢ taraféndan ¥%ull anélan ta

a) Otomati k Takét SéenefRk@ahdeymhésSdwgemBaEBE
tada her mevsim en az 7 g¢n 24 saat sg¢greyl e

l ar kull baal apnakt yapaéefl andérma sayémlar édeéer
rene, 11 sénéefta aks sayéséna ve aks mesaf el

b)Ot omati k Takét S&roafsSIS8ndeéer nvaa nSaewd kl adr®°én g
hazl ar kull aneél arvaek syeanpéefllaann dsésrrneak |iis tsaasyyeomm | a i
genelinde 516 noktada Kkurul muktur. S¢rekl i S
dejikim katsayeéelarée belirlenmekte ve dijer c
el de edilen trafikabGdmlidllrTmami edejedr IOt ian
mesinde kull anél maktadeéer. Takétlar wuzunl ukl a
makta ol up, takét séneflare 5 farkl e grupta
hazl ardan ayné zamandlee ttaxléanmaeEktlaad&m.a ait v

kekil 26de Ordu ili devlet yollaré trafik
noktalar ve °|-¢len veya tahmin edilen taket

BKGM (T.C. Ulaktérma ve Altyapé 2Blalk7a nTrégféei kk awea ywll d vaé& e
Bilgileri, http://www.kgm.gov.tr/SiteCollectionDocuments/KGMdocuments/Istatistikler/TrafikveUla-
simBilgileri/17TrafikUlasimBilgileri.pdf, 2017, s.7.
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Kl Karayolu Trafijinden Kaynakl anan Emi sy
o871
123; 1273 16714
23 B0 e
- 14624 147 *
o e g0a 22041 3 11470 25300 14559
) 1416 173 B 1015 12026
- 2452 =00 450 20 1226
fizee 22202 2139 2527 1400 411
- N 2135 s 1300 au
15977 19533 1803
1198 /Ord&wm-.fﬁuﬁm plGeo2
==1 S Breterieth
- . 192 . Fhreie
— Swsnrmear el 1%515;2 Lol gl
228 i 204 S5F0 8
12 & 562 5‘;’:';
2;3 J— 1?-; 9 :132 10801
2410 = 1472 - - 1:;; 7522
°l|J‘\-| " l’rr-n.".("d-' o
Ao
a8
F. B06 R
105
e T ?é.
....... 14
B35
kekil 2. Devlet yé&llareée trafik hacim
Yéll ek ortal amard¢gnlhgk tbridfgiid eda], erylol uzu
te¢re¢ gibi ayréntélé bilgiler ise ¢izelge 164d
¢izelgel. 2017 yélé Karayoll are 7. B°1l ge
l ama ge¢nl ¢k trafik dejerleri ve héez bilgiler
20 Agh, $.96.
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G° ksel KAYA
( KKNO: Kontrol kesim no, YOGT:? Ye
_ L X =
- N4 s X OH
- - r W
m > X n + ©
O x —— > > -
= < < — m [e) O X
(o] - O x (e} z Z <
»— X ¥ < - 2 20 >
or $ S5
[ - - - - -
- o = = = L= =
o - - - _ _
(@] - > - « - o - « - < - «,
z gl + < 21< g < g1 < 2|« 2
~ = = = = = =
X x 4 4 X
A= N N N N N
N ] —_ - [ T ol T ol T [ T ~ T
N (@] - P > a2 Oz = oz = Oz = oz = oz =
4 Z ¥ |R|l <« |o—-|l0o_| |0 |0 & |O--| & |O-| I
- N4 o =) (%)) = O > o > o > o > o > o
ORDU| 01017| 1 | 9 |OTSS1 14624| 9871 | 103 | 1051 | 98 | 397 | 92 | 1357 | 85 | 1948 | 76
ORDU| 01017 | 2 |26|0TSSd 22041 16714| 85 | 1177 | 76 | 371 | 80 | 1507 | 68 | 2272 | 68
ORDU| 01018 1 | 6 |OTSSd 22292| 17167| 85 | 1226 | 77 | 351 | 83 | 1416 | 71 | 2132 | 70
T! -
ORDU| 01018 2 |27 NE'L 15977 11470| - 173 | - 390 | - | 2139 | - 1805 | -
TAH-
ORDU| 01048 | 3 | 7 | 133154/ 25309| - | 2798 | - 450 | - | 2527 | - 2070 | -
ORDU| 01018 4 |14|0TSSd 19533| 14659| 91 | 1015 | 81 | 329 | 89 | 1400 | 74 | 2130 | 75
ORDU| 01018| 5 | 5 |OTSS1 16882| 12026| 92 | 1226 | 88 | 411 | 90 | 1326 | 81 | 1893 | 74
ORDU| 85001| 1 | 6 |OTSS1 1604 | 1273 | 64 | 179 | 65 1 50 | 147 | 63 4 49
TAH-
ORDU| 85001| 3 |6 | . | 2140 | 1576 | - 228 | - 12 - 242 - 82 -
TAH-
ORDU|85501| 1 |5 | . | 10601| 8647 | - 937 | - 8 - 946 - 63 -
ORDU| 85501| 2 |17|0TSSq 7566 | 6570 | 81 | 562 | 78 8 72 | 387 | 69 39 69
ORDU| 85501 | 3 |27|0TSS1 1634 | 1198 | 57 | 221 | 57 5 46 | 194 | 55 16 46
ORDU| 85501 | 4 |13|OTSS1 1472 | 1085 | 68 | 204 | 64 6 51 | 161 | 61 16 55
ORDU| 85502 | 1 |27|0TSS1 606 | 447 | 46 | 102 | 43 0 - 49 42 8 35
ORDU| 85502 | 2 |23|0OTSS1] 636 | 441 | 41 | 105 | 39 1 30 | 75 35 14 28
2L Agh, 5.97.
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy
Karayoll arée Genel M¢ederl ¢7 ¢ taraféendan tec
l an motor teknolojisi ve yakeéet tg¢gregne ait ve
°nce Kst angbeurl- ekkelnetkit iir-iilnen bir -al ékmada kull
kul | an®T gréekit e adeki ara- sayésénén %1906unu c
T¢rkiye genelini temsil ettifi kabul edil ebi
rilerinde Kstanbul kentii i-in 2017 yeéel énda c
ait dajelmaklitad@&rbulbwnnedenl e bu veriler g¢nc
|l andékl aré yakeéetlara ve te¢grlerine gre dajél
teknolojiye ve te¢grlerine gPre dajéléemé ise ¢
¢izelge 2. Araakatémrlhulvlieandgekleati mey g°°re
Benzin Motorin LPG Toplam
Otomobil 27,2 34,4 384 100
Kamyonet 10,7 89,3 - 100
Mi ni b¢s
KamyonOt o b 6,6 93,4 - 100
¢izelge 3. Ara-larén kullandeéeklarée teknol
—
o
=) o ™ <
L o o o o s
O b T} T} b - N ™ < <
L — — N — ] o] ] o] I
L L L L L x x x x o
o @) @) @) @) ) ) ) ) )
a LIJ | | w | | | m =
Otomobil 1,5 0,7 | 0,6 1,6 9,7 10,1 | 10,6 | 22,2 | 43 100
Kamyonet 0,9 2 0,7 1,6 11 154 | 17,6 | 32,1 | 18,7 | 100
Mi ni bg¢
Kamyon 16 |34 |09 1,3 |43 7,4 | 15,7 | 33,9 | 31,5 100
Ot ob ¢ s
2H¢sng¢-Tkoolcgaa El bir, fABir | niversite Yerlekkesi K-inde K

Kal itesini nH®Bwd i Kil relnimeis]i ioC.2A2083kst4é.r ma
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G° ksel KAYA

Emi syorRkbamphanmasé

Bu -al ékmada emisyon envanterinin hesapl a
todol ojisi temel al énméxter. Bu metodol ojiye
kaynakl anan emisyonlar EkiZtlik 1 yardéeméyl a

Orp 0 &  &xp )

Burada i (kirleticiler): CO, VOC, NQ, SGv e PM, j (taket séneéefl e
tere ve ¢retim yéleée, k (vyoltKilketeiraidya) : kehir i
mi kt ar e (;t oTna/kyeétl¢)s,ayNemay él éha hajT@kseehaféema
yaptéejé kilometre (j: vyl Bmipsy oore fkak ttfarkegE t[ o/
(kirleticiler, takxet sénéflaré, yol sénéfeéna

¢al ekxkmada y¢zl erce farldlaén éd méeskyt e . f aEkti °trl ¢

di zel yakéte kullanan ;Emieyénséa&térqgt 8molkikl
veril mi ktir.

oo ——~°% % )

burada; EF: NQe mi syon fakt°r¢ (g/km), V: Takeét h

Her Kkirletici i-in toplam emisyonlar emis
LAB programlama dilinde yazélan bir program
takét sayélaré, héel meéiveeyolmuemhbybkhaméke
saplamaya ol anak sajlayacak «kKekil de yazél méecx
her hangi bir yere rahatl ékla uygulanabil ecek

Bul gu ve Sonu-1| ar

Takéet Sayemlare

Bu -al ékma kapsam&Kadayold dariégl GegenelMiindge | |
féndan taket sayemé yapélan 15 ©°neml. nokt a

23 EAA (European Environment Agey), EMEP/CORINAIR Emission Inventory Guidebefl07,
2007.
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy

emi syon mi ktarl aré hesaplanmékteéer. Takeét say
yélare kekil 36de g°r ¢l mektedir.
35.000 T T T T T T T T T T T T T T T
30.000
25.000
c
3
%20.000
Un
@
§15.000
Qo
e
10.000
5.000
Tt d £ 3 2 ¥ © oz 2 £ 8 o8 ¥ - w
~ ~ <o) <o) <o) s} 55} - - — - - - ~ N
T T T T T T T £ & S S S S 2 2
o o o o o o o o o ['e} ['e} ['e} v [Io} w0
- - - - - — — 65} 5} 5] ) 0 o) o) o)
o o o o o o o [ee] [ee] [ee] [ee] [ee] o) o) [o°]
kekil $apBape@amcaddel erde yeéell ék ortal ama
Dajél emlar incelendijinde sayém yapeél an ke
seyir halinde ol duju g°r ¢l mektedir. Karadeni

nun daha fazl a ol duwjzd agtraxléme kred ue Ikiepmte mer k
18/ 3 numaral & karayolunda (33154) -sayél mext é
181 numar al & kar aykFodtus a( 2a2r2a9528) n dveelnajrn@ylle®d s ahi |
yolu (22041) takip et méktladiarn. hAawraéad aa n@¢ Inyeale
OrduG¢ | yal @ ar asé@&4d an ubnua ruanlaén kOalrOay ol unda da yo
mektedir (19533).

Sayém yapeélan karayollaréenda takétl arén t
jinde otomobillerin %75,j2u id°%r glnmekatzd dai rd.ajBd
%16,6 ile kamyonl ar, %6, 6 il e orta ye¢kl ¢ tioc
etmektedir.
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G° ksel KAYA

Emisyon Envanteri

¢al eékmada emi syonlar takét sayeéelaré, ortal
yon fakt©°r ¢ sveeriil etna beamiésnydoann f akt °r | er i kul |l a
Emisyonlar karbon monoksit (CO), azot oksitler (NQ u-ucu organi k bile

(vocC), partiik¢lVemihgdHlenrn){ PItMiionk saytr 6 SaOyr € hesapl
Takét sayéme yapdahawkaypmkkar ggebl E&ar €opl am en
¢izelge 406te g°r ¢l mektedir

¢izelge 4. Ordu ilinde takeét sayemée yapél
yéll ek toplam emisyon miktarl ar e
OTOMOBKL ORTA Y| KL} T OTOB;} S KAMYON
TAKIT
=
-
<<
o -
4
= %) %) I9) I9)
s| < |o|d|o|=s|dlo|d|o|l=s|S|o|d|dl=]8|o|ld|d]=]s
| a2 |lOo|lZz|>|a|lo|lo|z|>|la|lo|Oolz|>a|lan|l ol z>3|aln
o | a
Z x| O
X
< | o] + (TON/YIL) (TON/YIL) (TON/YIL) (TON/YIL)
01017( 1 | 14624[52,8413,57 3,86| 1,54|0,09] 3,14( 3,42|0,24|0,81(0,007| 1,24|6,91| 0,33| 0,60 |0,006(32,88|57,44| 3,23| 3,80| 0,05
01017 2 |22041(174,949,19 13,2| 2,42|0,38| 5,31 8,76|0,73(2,57| 0,02 | 3,53(19,34 0,99| 0,60 | 0,01|108,6/182,9412,07 4,52| 0,16
01018| 1 | 22292441,5713,47 3,93( 1,45|0,09( 1,31 2,12|0,17(0,61|0,006( 0,76| 4,19 0,21| 0,13|0,003(23,45| 39,83 2,54| 0,97| 0,03
01018| 2 | 15977|113,434,89 9,95 2 |0,26(0,89(1,37|0,11|0,40|0,003| 3,86|21,12/ 1,08| 0,65| 0,02 (116,4/202,9|11,89 4,74| 0,17
01018 3 | 33154(61,2920,1910,24 1,73|0,16| 3,91| 6,05/ 0,61 1,63| 0,01|1,61(7,79|0,51| 0,27 |0,005|37,15|60,05( 4,88| 1,70| 0,05
01018 4 | 19533(93,9925,31 6,8 | 1,80(0,18|2,77| 4,2 |0,33(1,20( 0,01|1,61(8,98|0,43| 0,27 |0,007|54,07|92,95( 5,76| 2,23| 0,08
01018| 5 | 16882(28,379,21|2,75| 1,36/ 0,05 1,46( 1,94| 0,15 0,52| 0,01 | 0,72| 3,99( 0,19 0,12|0,003(18,01|30,33| 1,89( 0,73| 0,02
85001| 1 | 1604 |2,85|2,97|1,35(1,12|0,004 0,17 0,3 | 0,02| 0,09(0,00040,0093 0,020,0010,0004%0,0004 0,95 1,67 0,11 0,04/0,001
85001 3 | 2140 (3,42|3,15|1,42|1,15|0,00§ 0,22| 0,4 | 0,04(0,11|0,001| 0,04(0,18|0,01|0,006/0,000] 2,08 | 3,59 | 0,25| 0,09|0,003|
85501| 1 | 10601(16,3¢ 6,85|2,29|1,27|0,04|0,85| 1,36/ 0,11( 0,40(0,003| 0,02( 0,080,004 0,003|0,000¢ 5,24 | 9,35| 0,6 | 0,230,009
85501| 2 | 7566 |42,3|13,0§ 4,24 1,27|0,09( 1,72 2,77| 0,88 0,80|0,008| 0,05| 0,05 0,02|0,009/0,000% 7,58 |14,69| 0,87|0,33| 0,01
85501| 3 | 1634 (10,855,01|2,47|1,22|0,03|1,01(2,37|0,17|0,50|0,005(0,07| 0,35 0,02| 0,01 [0,000% 6,14 |10,46( 0,79| 0,28|0,009|
85501 4 | 1472 |4,88|3,63|1,54| 1,16/0,011 0,41 0,75| 0,16( 0,22(0,002| 0,04( 0,19| 0,01|0,007|0,000] 2,47 | 4,24 | 0,3 | 0,11| 0,004
85502 1 606 |5,19/3,61(1,78|1,17(0,01¢ 0,68 0,88|0,09| 0,23(0,002| - - - - - 1,73| 2,95|0,26(0,09|0,002
85502| 2 636 |4,97|3,53|1,77|1,17|0,009 0,68 0,83| 0,08/ 0,20(0,002| 0,02 0,08|0,00€ 0,003/0,000] 2,46 | 4,12|0,41(0,14|0,003|
ITOPLAM [170762/656,6207,467,5921,831,4 [24,5 37,5 3,89 [10,290,09 |13,6 (73,3 |3,8 [2,67 [0,06 [419,2]717,6 (45,8520 |0,6

kekil 406te atmosfere salénan toplam CO e mi
l emé g°r ¢l mektedir. Buna g°re yellék CO emis
orta ye¢ke ticari takétl!l ar i -in 24,5 ton, ot o
tonolamk hesapl anméktéer. CO emisyonu i-in en byg¢g
ait olduju g°r ¢l mektedir. Buna séraséyl a %37
ticari takétlar ve %1, 22 ile otob¢sler katkeée
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o< N
& 0O, O

700 T T T T
600
— 500
2
‘%’400
'gGDD
o
OZDD
100
Otomobil Orta yukld ticari tagit Otobiis Kamyon
kekil 4. Taxkétf ar¢er |sealiénneang °troep laaamoGO e mi sy o
(ton/yel)
kekil 56t e at mosfeemies ysoanluénnuann ttaokpeltam ¢NO er i
l emé g°r ¢l mektedemi sBamadgpPeri yeét dm&b iNIOI er
n, orta ye¢ke ticari takétlar i -in 37,5 ton
7,6 ton ol aralkemhesysapluanméwnt @n. bN®¢sck payén
nlara ait ol duj u g°20il btomolklleree/jo8ileotdBuna sér as
sler ve %3,62 ile orta ye¢kl g ticari takeéet |
800 T T T T
700
HEDD
ESDD
§4DD
5
. 300
@]
=
200
100
0
Otomobil Orta yUkld ticari tagit Otobis Kamyon
kekil 5. Taxkét te¢rlerine gPre atmosfere sal

(ton/yeéel)
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G° ksel KAYA

kekil 66te atmosfere saléndmet gplrem d\aOGC e
jel emé g°r ¢l mektedir. Buna g°re yéllék VOC ¢
t on, orta ye¢ke ticari takeéetl ar 3,9 ton, ot ok
ton ol arak hesaplanméktéer. VOC emisyonu i-in
l ere ait ol duju g°r¢l mektedir. Buna séraseéey!
yeéekl ¢ ticari takétlar ve %3,1 ile otobg¢sl er

70 T T T T
60 -
=50
3
%40*
'%30—
Q
@]
=20
10

Otomobil Orta yukli ticari tagit Otoblis Kamyon

kekil 6. Takét t¢rlerine gPre atmosfere sal

(ton/yeéel)

kekil 7foetree astamoésnan toplam PM emi syonunun
él émé g°r ¢l mektedir. Buna g°re yeéellék PM em
orta ye¢ke ticari takétlar 10,3 ton, otobg¢sl e
rak hesapl annoénkut &r-.i nPMnenbi¢gsy ¢ k payén %39, 8 il
duju g°r¢l mektedir. Buna séraséyla %36,5 ile
takétlar ve %4,9 ile otob¢sler katké sajl ama
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25 T T T T

PM emisyonu (tonfyil)

Ctomobil Orta yukld ticari tagt Otobis Kamyon

kekil 7. Takeét te¢grlerine gyareu ad efossrflearei s al
(ton/yel)

kekil 80t e at mosdeanies yooaludrmuann ttaxk@ltam ¢33O er i
jél emé go°r ¢l mekt egdeinri.s yBounn ad eg ®errei  yoétlolntokb iSO er
orta y¢ke ticardi takétl ar 0,a0r9 it-oinn, 0o,t60 btsosn ¢
ol arak hesapmasyméruér-i $0en b¢yeéek payén %65,
ol duju g°r¢l mektedir. Buna séraséyla %27, 9 i
takétlar ve %2,8 ile otob¢sler katkeée sajl ama

1.4 T

1.2

0.8

0.6

SO2 emisyonu (ton/yil)

0.2

Otornobil Orta yOkIl ticari tagit Otoblis Kamyon

kekiTlak&t te¢rlerine gereemt mpoherdefal Eran
(ton/yeéel)
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G° ksel KAYA

Dejerlendirme ve ¥neriler

Bu -al eékmada, 2017 yélenda Ordu il:i genel
kanl éjé& Karayoll aré Genel M¢ d¢r légézieg -t araf énd
gahta seyir halindeki takétlardan kaynakl anse
takét sayésé ve yol wuzunluju kullaneéel arak he
raml ama dil i kull aneéel, ¥OCaFRMveSCki ayeéei ayr e- ha- (
sapl aamécxk

Sonu-lar 2017 vyéleénda Ordu il:/ genelinde
gahtan atmosfere sal énan kirlyetioi 10kt 8rl ar
ton, VOC i-in 121,11 tenhn PM1b-ton5d4| Bujfanuvg
tedir. Obmobiller CO, VOC,PMve S&K i rl et i ci |l er i i -in séraseéeyl
%39, 8 ve %65,1 dejerl er ikemil ey eamu bi¢g-yi¢grk emyla¢ \s
kirletici kaynajé %69,3 ile kamyonlardér. At
kamyonlar %51, 7illen b¢y ¢k paya sahiptir. Bunu sér as:¢
%4, 01 ile otob¢sler ve %3,3 ile orta ye¢kl ¢ it

T¢e¢rkiye' ' de 1 Ocak 2011 tarihi itibariyle
bununla il gild@ ithalatlar durdurul muk ve 1
bayilerinde sateéké yasakl anméxkteéer. B°yl ece o
o r a n érin veddenainde 10 ppm, oto LPG'de ise 50 ppm olarak uygulanmaya
bakl anméexkt ér . Bu gelikmenin motorlu takeéetl a

emi syonunu ol duk-a d¢gkegrdegjé sonucuna var él m

Tée¢rkiyedde emi syon envantreéml e&ruilliam dekd ap lé
yakét t¢grlerine ve motor teknolojisine g°re

sorun ol arak ortaya -ékmaktader. Bu nedenl e
derél masé °nem arz etmektedir.

Emi syon sonu-1ladéikheelOenddi memdé&ezi neeki g,
kirletici miktarlarénén fazla olduju g°°r ¢l me
edil mekte olan -evre yolunun Ordudbdya acil en
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¥zeMet al kapl ama sanayi heézla geliken sanayi
bir yer tutmaktader. Metal kullanéemé g¢n ge-ti
rak korozyon nedeniyle meydana gelen mal zeme v
l ara ul akmaktadaeérr.en Metzelyiwmdy & oalozkéomla kar Kk é
hale getirmenin en sék bakvurulan y°ntemlerinct
l ama y°ntemidir. Kaplama ile y¢gzeyin yapésé Vv
yapélan mal zemeni n; g°r ¢n¢ kK& dapyaan éakkll e-k renk)
|l eje, akénmaya karké dayanéekl el éj e, kayganl éj e
lirliji gibi °zellikleri daha iyi bir duruma g
kapl ama, ni kel kaplama, -inko kaplama, fosfat
bilir . Met al kaplama tesislerinde olukan toplam :
dir, ancak -ok tehlikelidir. Olduk-a toksik at
[ er i metall er, asitler, krom, ni kel , kal ay ve
l erininhaméhkhl!| §al ar@em de asidi k °zellikte ol ab
rol ¢ Y°netmelijidnde Met al Sanayi Aték Sul ar ér
dartl ar e, Konya Su ve Kanalizasyon Kdaresi Ger
nali zasyon kebekesineabDérasyoN°rRebmé&lkeisjnénde -
Kar j edilecek end¢gstriyel atéksularda sajl anm
mi Ktir. Met al kaplama tesisleri aték sularénd:
l emleri siyan¢rlerin oksidasyonu, +6 dejerlikl
dirge n me s i ve =-°ktg¢r gl mesi, asit atéklarén no°tr
ki myasal yolla -°ktg¢gregl mesi, -%kel tim, iyon de
yon kKeklinde séralanabilir. Met al kapl amada ki
kazanmak ¢ zerveeyiay otnerdsejoizkmonsi kul | anél maktadér
Anahtar Kelimeler: Me t a | kapl ama end¢gstrisi, gideri m,
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Abstract: Metal coating industry has an important place among the rap-
idly developing industries. The use of metal increases day by day and parallel
to this, the loss of materials and work force due to corrosion reaches serious
dimensions. One of the most common methods of making the surface of metals
or alloys resistant to corrosion is a second metal coating method. The structure
and character of the surfaceeathanged by coating. coating of the material
made; The properties such as its appearance (gloss, color), corrosion resistance,
wear resistance, lubricity, electrical conductivity, solderability are improved.
Metal plating types include chrome platingckel plating, zinc plating, phos-
phate coating etc. It can be listed as. Total liquid wastes generated in metal
plating plants are not too bulky, but they are very dangerous. They are very
toxic waste. The most important toxic components are metals, atids
mium, nickel, tin and cyanides. Wastewater from metal coating plants can be
both alkaline and acidic. Discharge Standards of Metal Industry Wastewater in
Water Pollution Control Regulation, Konya Water and Sewerage Administra-
tion General Directorat&/aste Water Wastewater Discharge Regulation on
Sewerage to be discharged to the sewer network to be provided in industrial
wastewater limit values are given. The treatment processes of the metal plating
plants in the wastewater treatment can be listeti@®xidation of cyanides,
the reduction of the +6 valence chromium to +3 valence and precipitation, the
neutralization of acid wastes, the chemical precipitation of the metal wastes,
the sedimentation, ion exchange, reverse osmosis, neutralization. x-lon e
change or reverse osmosis is used to recover the coating salts used in metal
coating.

Key Words: Metal coating industry, removal, wastewater.

1. GKRKKEk

G¢n ge-tik-e artan metal kullanéeménda met a
karké dayanekliée- ihml metgaeltliem n y¢izeyi i ki nci
dér. Son zamanl arda met al kapl ama sanayi de ©
Suyun ve toprajén kirlenmesine genellikle, &
end¢strinin enMebtéayl¢ kk akpal yanmaa] éednédr¢, st r i si be¢yé
creten ana kimyasal proseslerden biridir. Me
z¢cCceler ve temizli k maddel eri, al kal i ajanl a
rir (Lee ve dikjs.e,k 2a(166r) .me tSauld askeiviyyiel eri suda
i -in ciddi bir tehdit oluxkturur. Bu zararl e
riyel, tar émsal ve aték bertarafé gibi - exKi
dij., 2009). kMseubhbhrkRapkamasat éortamlardaki
dan biridir. Bu aték sul ar -eki tli zarar |l é
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bakéer, -inko) y¢ksek konsantrasyonlarda, hat
l amis ve dij., 2012).

Metalkaplana at €k suyunun ar éteél madan aték su a
mesi, y¢ksek toksi k potansiyel nedeniyle cid
aték su arétma tesisindeki aktif -amurun mi k
ve di].dekDfb) ¢z6&rine tasarl anmayan tesisler
ortama dekar | edilen metaller -evre sajl éjén

Konya Organize Sanayi B°l gesinde 40 farkl
gsterirken 30. 66@m(J | enmafka aldeé ri. s tkKiomd/eam Or gani z

gesinde bulunan sekt®©°r terl eri géda, maden,
ki mya, met al |, met al kapl ama, seri maki ne i ma
sanayi sektor¢gder . i Mdatjelr keapl¢gasma idrredgsetnr idlag
ve konsantrasyonlarda aj ér met al i-erirler.

|l aré gerekmektedir.

2. METAL KAPLAMA AKkAMALARI

Met al kapl ama end¢gstrisinde kull anélan bir
tur. Geneblarak uygulanan prosesler temizleme ve ara kaplama, boyama, metal kap-
| ama ol arak gruplandér él abilir. kekil 16de n
mi Ktir. ¥n Temi zl eme akamasénda mal zemel er
l eme i kKl emi.neKatpabaimat uvitkulleumi nden ©°nce mal zeme
ya]J] ve oksitlenmelerden aréendérel ér. Her wuy
zorunludur (¢evre ve kehircilik Bakanl éjeée, 2

|l ama end¢strisindemaygubEadanateksebamhuarmakt a

87



Mehmet Emin AYDINi Canan SOJ UKenarMAIRNi Ar z u

UL VK

Yag Alma

Malzeme Girisi —— On Temizleme —b-

Atiksu

Siiriikleme

Kaplama —

Durulama

Atiksu

Tanklan

(Kamburlar)

m

Atiksu

Pasivasyon e Durulama —_— Kurutma — Sevkiyat
Atiksu
kekiMetila.l Kapl ama Genel Kk Akéem kemas

3. METAL KAPLAMA C¢EKKTLERK

Met al kapl ama endg¢gstrisinde farkleée teknik
met all ere kullaném amacéna g°re lamantemler uy
-exkitleri krom kapl ama, ni kel kapl ama, -inko
|l ama éséya ve ékéja karké diren-1lidir, y¢kse
sahiptir, bu nedenle genellikle rozk aletlerir
yona karké korumak i-in yapeéelér. Nikel kapl a
tek bakéna korozyondan korumaya yeterl: ol ma
iy yapékabil me ve «kxekil verme ©°zelliklerine
Tablol6de kaplama end¢strisinde kullanél an baz:
ril mi ktir. Dekoratif ama-1 &, m¢éhendi sl i k ve

yapeldéeje g°r¢l mektedir.
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Tablo1.Met al Kaplama Endg¢strisindanBml Il anél an
Ama-|l arée (Demirer ve ¥z, 2018)

Met al adeé Kull aném amacé

¢inko Koruma, dekoratif

Nikel Koruma, dekoratif, m

Bakér Dekorati f, m¢ hendi sl

Krom Dekorati f, m¢ hendi sl

Kalay Koruma, dekoratif

G¢ m¢ K Dekoratif, korumam¢ hendi s | i k

Rodyum Dekoratif, m¢hendi sl

Paladyum Dekoratif, m¢ghendi sl

Rutenyum Dekoratif, m¢hendi sl

Platin M¢hendi sl ik

4 . METAL KAPLAMA END, STRKSK ATI KSULARI

Met al kapl ama end¢strileri ol deank - a kompl el
d¢stirinin atéksuyunun karakterizasyonu farKk
ment i ve kullandéeklarée prosese g°re farkle
bul unan bir met al kapl ama endg¢strisi ateéeksuy

Tablo2., rd¢n de bir met al kapl ama end¢gstrisi
ki myasal ka-Shkhthempgstvejdi[ Al 2015)

Parametre Konsantrasyon Birim

pH 9.6-0.3 -

Cr 93.22.2 ppm

Cu*? 33.31.1 ppm

Ni+2 57.61.2 ppm

Zn*2 20.40.8 ppm

Elektriksel iletkenlik 8.90.2 ms/cm

Renk Sar é -
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¢tevre ve Orman Bakanl éjéénén 31 Araléek 20
(I Kontrol ¢ Y%°netmelifJi ns. Bl ¢m At eéksul e
Sistemlerine Bokalteémn&ardtilsamré yddd ddd éXIs;u D el
Met al sanayii sektorl eri i -in dekarj standar
nali zasyon Kdaresi (KOSKK) Genel M¢derl ¢7 ¢,
Dekar j Y°net melijionde demekKvocnuytat uirl.i Tia-bilno b3adz
KOSKK kanalizasyon Kebekesine dexkar | séneéer d
Tablo3.KOSKK kanalizasyon kKebekesine dekar | S
Parametreler Verilebilir Maksin
Ki myasal Ok si j ¢ 1000 mg/L
As k éda Mdddet §AKM) 400 mg/L
Toplam Azot (N) 60 mg/L
Toplam Fosfor (P) 20 mg/1
Yaj ve Gres 200 mg/L
Anyoni k Y¢zey 4 Biyolojik olarak par -
terjan) Y¢ézey aktif maddel e
Arsenik (As) 3 mg/l
Amtimon (Sh) 3 mg/L
Kalay (Sn) 5 mg/L
Bor(B) 3 mg/L
Kadmiyum (Cd) 2 mg/L
Toplam- Krom (Cr) 5 mg/L
Bakér (Cu) 2 mg/L
Kurkun (Pb) 3 mg/L
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Tablo 3 (devam)KOSKK kanali zasyon kKebekesine dexka
Nikel (Ni) 5 mg/L
¢inko (Zn) 10 mg/L
Civa (Hg) 0.2 mg/L
Ge¢mek (AQ) 5 mg/L
Toplam Siyangr 10 mg/L
Fenoller 10 mg/L
Toplam S¢l f¢ér 2 mg/L
S¢l fat (S04) 1700 mg/L
Secakl ek # 40 AC
PH **# 6-10
Serbest klor 5 mg/L
Bal ék Bi odene 8

5. METAL KAPLAMA END] STRKSK ATI KSULARI NI N

Met al kapl ama aték suyunun aréteéel maseée i-ir
ve fitoremediasyon, ki myasal peht él akma ve
elektrcdi yal i z, iyon deji ki mi, membran dahi l ol |
kul | anfjléarbirmdatral  erin -°z¢nmeyen [ hidroks!
met al aték suyunun aréteéel masénda en et kil Vv
di otis veTabljo ,4 &0 7f)ar kl &€ y°ntemler kull ane
derim vermenkteedi rg.° rKilmyasal =-°ktg¢grme, i yon de
sesl eri ile y¢ksek giderim verimlerinin elde
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Tablo4.Far kl & metotl ar kull anél ar ak
Metaller Giderimmetodu | Gi der i m Kaynak
%
Cu*?, Zn2, Cr3, | Kimyasal 99.3799.6 Chen ve di
Pb -9kt ¢r me
Cu*?, Zn*?, P2 | Kimyasal 100>94 >92 Al var e z2007e
-%kt ¢r me
Cr Kimyasal >99 Guo ve di]j
-%kt ¢r me
Hg*? Kimyasal >99.9 Blue ve di
-%kt ¢r me
Pb? Kyon defj Giderilmedi Inglezakis ve Grigoropou-
lou, 2003
Pb Kyon defj 55 Il nglezaki s
Ni*2 Kyon defj Giderilmedi Ro dr 2lgzuneazg a
2002
Ni*2 Kyon dej 93.6 Argun, 2008
Zn*? Kyon dej 100 Athanasiadis ve Helmreich
2005
Cu'?, Ni*? Ters osmos 99.5 MohsenNi a ve d
Cu*? Ters osmos 70-95 Zhang ve d
As Ters osmos As(V) 91-99, Chan ve Dudeney, 2008
As(ll1) 20-55
Ni*2, Zn*? Ters osmos 99.3 Ipek, 2005
Cu*? Ters osmos+ >95 Cs®f al vay v
nanofiltrasyon
Cu*? Ters osmos+ 95-99 Sudil ovskiy

nanofiltrasyon
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6. SONUC¢

Aj ér mebakEéwmdénéen iz konsantrasyonl aré o
devam ettirebil meleri i-in gerekli ol mal ar én
konsantrasyonl aré dahil -evre ve insan safjl e
met al | er i nksiamy avs¢aclu druenadkas i yonl ara, fizyol oj ik
|l aréna et ki ederl er, kansorojen, mutojen, al
resel ortamlardaki ajér metallerin °nemld.i k ¢
|l ardéer .

Ol duk-a t oiksii ke rmen areéteal kapl ama endg¢gstril
uygun arétma y°ntemleri belirl ener ek, hem me
| arén daha zararséz hale gel mesi sajlanmal ed
destrilerinin de leywnd rddreayik sittéeksiunearyae én
| anmakt adér . B°yl ece ol duk-a toksi k ol an ateé

l' irl enerek aréetél acakter.
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SAPANCA G¥L! NDE BUHARLAKMANI N
TREND ANAL KZK

Dr . ¥7Jr. fyesi Mehmet SANDALCI
Sakarya | niversitesi
¥zeTt¢grkiyednin °nemli tatl ésu kaynakl aréndar
son zamanlard& ¢ r e s e | eésénmanén etkisiyle akéré buharl
|l ere maruz kal maktadér Kkl im dejikikliji ve |
ol arak sécakl ék, yajeéex, buhar | akma, nem, r é¢zgec
pélan -al é@&kmal arebsdmedkuredla rt e Xkil ti me dielj i ki kI i 7]
sécakl éejé, yajék ve buharlakma son derece °ner
|l e énén artmasé ile buharf2admayal it malkt adar. Bu
sénda kaydedilen aylék ort-&dndalinee buhar | akma de
Sends ejim testi ile incelenmiktir. Buharl akma
-¢m¢g yapél madéjé i-in Ocak ve kubat ayl are di
buharl akmanén et kildi ol duju Nisan ve Ekim ar a:
sonucundayazaylaé nda artan trend belirlenmixktir.
Anahtar Kelimeler: Buharl akma, THKendall veAnal i zi , Ma nn
Sen6s Ejim testi, Sapanca G°I ¢

Analysis of Pan Evaporation Trend in Sapanca Lake

Abstract: Recently, Sapanca Lake, one of Turkey's major water sources
is expsed to negative effects of global warming such as excessive evaporation.
Climate change and global warming can be determined as a result of studies on
temperature, precipitation, evaporation, humidity and wind. In climate change,
air temperature, precipitation and evaporation are extremely important. In ge-
neral, evaporation increases with increasing air temper&eteeen the years
19952017 the average monthly evaporation changes recorded in this study was
analyzed using the Marendall and Sen's slope te§anuary and February
were not taken into account since there was no evaporation measurement des-
pite occurence of evaporation. Between April and October was preffered when
evaporation was effective during the yeas.a result othe research, an incre-
asing trend was determined in the summer months.

Key words: Evaporation, Trend Analysis, Masite nd a |l | and Senobs
Slope Test, Sapanca Lake
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1. Girick

K¢resel €sénmanén neticesinde yeryg¢gzende L
l er gCrdglrmek¥étzel | i kl e su kaynakl aréndaki buhe
|l ikl er insanlarée tedirgin etmektedir. Konuyl
gereksinim duyul maktadér.

Kkl im dejJikiklijinin T¢grkiye ¢zerinde de |
mektedir. K¢gresel éeésénmanén potansiyel etkil
arasénda olup °zellikle su kaynakl aréenén zay
-%l 1l ekme ile bunlara bajlé ekolojik bozul mal
lerindken et kil enecektir (Te¢rkek, 1994) .

Gé¢negmegze kadar yaj ék, sécakl ek, akém, buhe
anal i zi dé¢nyanén bir-ok yerinde farkl e ama-|
taraféendan yapél mékt éry.an@ony aklu,r aikk Ibi°nh gdeel]jeirkiinkd
harl akmanén artmaséyla kurakl ek kokull aré ve
yal , 2004) . Aydén ve Topal ojl u, Tée¢rkiyedde
fazla 66 adet buharl akma grlzd wenma iwdraislyermnil me
MannKendal | séra korel asskadm tae/d tair emyd@u laa mana,
mi nde ol dujunu saptaméklarder (Aydén ve Topa
kemiz baté illerinde bulunan 9 auh®&t meteor ol
|l akma, yajék ve sécakl ék gibi parametrelerle
|l anarak buharl akma ve sécakl ék analizlerinde
verileri analizlerinde azalan bir trend g°rm

Buhat akma ejiliminin belirlenmesi ne kadar
|l ik o kadar azaltélabilir. Bundan dol ayé buh
g°rmek ve gelecekte ne gibi bir y°n izleyece
-al ekxma zyaapuérlimabsiég& hal al mexkteér .

2. ¢tal exma B°l gesi ve Veriler

Sapanc a&d®eb) ElgKasrtéaanr bauskocaelisé nér éna yakén b°l ge
Sapanca | - esi °NEnlemve8E4Boyl am arasénda yer al an
°neml i tatl ésu kkaeykniadk | labEend@ap adnaoaa dGT . ¢n¢én
plané verilmiktir.

™~
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kekil 1. Sapanc aig@fGlohe GooglerEaghp E 2019

Sapanca G°I| ¢, D o] u SakemyskemameskeziBif 1kme si 6 nd e,
bat é K& mkdntinnise 27k m doj us untekeonikk € k eal anol up doj u-

dan batéya dojru wuzanér. Gl ¢n doju kesi mi R
kesimi ise Kocaeliilinie énér | aré i-inde yer al maktadeér.

Bu -al ékmada Meteorol oj i Genel Mederl ¢7 ¢
karyaistasyonunun1995017 vy él | ar & arasénda °1 -¢l en ayl e
rileri kull anéel méktéer. Al énawn 4dylhékeobtoalea ma
veril mi ktir.

Tablo 1.a. Ayl ek Ort alHaagramma Buhar |l akma ( mm)

Yéel / Ayl O K M N M H

1995 0 0 0 62,0 125,9 135,5
1996 0 0 0 58,5 124,0 137,3
1997 0 0 0 59,3 110,0 121,7
1998 0 0 0 89,2 82,1 120,5
1999 0 0 0 84,0 122,1 118,3
2000 0 0 0 91,0 146,1 166,2
2001 0 0 2,0 79,1 103,2 179,3
2002 0 0 2,3 133,8 133,8 135,0
2003 0 0 2,6 151,2 151,2 1354
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2004 0 0 2,4 115,8 115,8 169,5
2005 0 0 0,3 102,2 102,2 135,4
2006 0 0 1,9 141,8 141,8 169,5
2007 0 0 0,5 138,3 138,3 177,1
2008 0 0 0,4 130,2 130,2 190,9
2009 0 0 2,2 82,9 155,4 196,4
2010 0 0 3,0 88,4 156,7 148,7
2011 0 0 1,4 51,9 94,7 160,1
2012 0 0 35 114,9 115 199,8
2013 0 0 0 93,1 178,2 173,6
2014 0 0 0 86,4 124,7 137,9
2015 0 0 0 81,7 143,7 108,7
2016 0 0 0 111,6 109,6 192,6
2017 0 0 2,4 64,3 98,5 125,9
Yél | Ayl T Aj . Ey Ek K Ar.
1995 138,8 123,9 90,1 42,1 0 0
1996 142,0 123,3 66,0 39,0 0 0
1997 154,4 95,4 76,6 41,2 31,9 17,1
1998 155 149,5 91,6 54,0 29 0
1999 157,7 90,9 108,2 58,4 0 0
2000 185,6 135,7 103,6 84,4 0 0
2001 182,0 155,3 112,3 69,9 0 0
2002 173,7 110,2 71,7 50,5 0 0
2003 184,1 197,1 80,9 71,1 0 0
2004 194,8 107,3 106,6 71,6 0 0,7
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2005 159,1 145,9 94,6 46,1 0 0
2006 200,7 194,4 102,2 50,9 0 11
2007 226,4 179,1 115,9 60,3 0 4,0
2008 2143 210,2 1134 60,3 2 0
2009 1911 185,8 107,6 78,7 0 0
2010 199,1 223,3 109,4 42,6 14 0
2011 209,7 177,0 130,1 58,4 0 0
2012 207 193,7 133,6 95,3 2,2 0
2013 195,5 191,3 119,8 58,9 0 0
2014 167,7 164,6 92,1 60,9 0 0
2015 155,3 158,8 105,7 45,5 0 0
2016 178,6 157,5 1143 58,1 0 0
2017 177,3 152,6 113,7 49,9 0 0

Tablol.b. Ayl ék Ortal ama BuhArala&hkna

Sapanca G°l ¢n¢gn dojusunda yer alan Sakarye
fezi arasendgesdeden 33 m y¢kseklikte yer al
baté dojrultusunda nk6 kKm,] radit vissuen dlau Beykm. di r
d°nem ortalama y¢z °1 -¢m¢g 46,9 km] olup su F
derinlifji en -clkviIyemidiirdeaG®lkamtdwarda 29, 9C
énda ol masé istenir. Sapanca G°Il ¢06n¢gn hacmi
Sapanca G°1l ¢ ¢ar k Deresi il e Ferizli Seyi fle
iro.

3. Kull anélan Y°ntem

Son yéklamdaej]ikiklijJine etki eden par ame
erin késa s¢reli, kesi kIl i, d¢zensiz ve -arp
érmak i -in parametri k ol mayan testler terci
er , rastmed @] eleg m&kxkedan bajémséz ol an yakl ack
emlerin séralarénée (rank) esas al maktadér (
°] ¢ Havzasédbna ait ayl ék toplam buharl akmal
cneéegn belirlenimestestiarpepaomnmeplta daha uygun
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verenManlFKendal |l ve Sends Ejim gi bi parametrik
tér.-KbMadal | testine g°re HO (g°zlenen dejer]l
kontr ol edilir. atd@aKabwledd IvVeya E§emed@®d@ Kkarar
ile g°sterilen bir trendin varl éjénée ifade e
t est edilir (Hel sel ve Hirsch, 1992) . Trend
dejeri negati fi s,e t3 edned] earrit apno zyi°tnidfet i r . Bu - a|
seviyesi 0,05 se-ilmiktir. Bu durumda veril
°n¢gne al énmal éder . ¥te yandan dojrusal bir t
i -in veri hatal aréeddenvey&i ¢leasmegmndSjeads E
gén ol arak kullaneéel ér . Bu parametri k ol mayar
karar verilir. ManARK e nd a | | ve Senods testi y°nteml eri [
Tablo 1.a ve bdédden g°enleclkijlii ¢alkede] buNias & a kK
arasée tercih edilmixktir.

4. Bulgular

tal ékmaya baklamadan ©°nce test istatistiKkI

san ve Ekim aylaré arasénda bulunmuk ve Tabl

Tablo 2. Test-EKmtatisti kI eri Ni san

Aylar Min.Buh.(mm) Mak.Buh.(mm) Ort.(mm) Standart

Sapma
Nisan 51,900 114,900 81,409 17,466
May és 82,100 178,200 126,226 23,240
Haz. 108,700 199,800 154,961 29,332
Tem. 138,800 226,400 180,430 28,866
Aj u. 90,900 223,300 157,513 37,075
Eyl ¢l 66,000 133,600 102,609 17,429
Ekim 39,000 95,300 58,613 14,532
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Tablo3.ManlKendal |l Testi ve Sen6s Ejim Sonu-1a
Seri/Test Kendall Test pdejer Senodos |
Nis. 0,217 0,154 0,800
May. 0,067 0,673 0,673
Haz. 0,202 0,187 1,557
Tem. 0,352 0,020 1,900
AjJ u. 0,312 0,039 2,960
Eyl. 0,478 0,002 1,650
Ekim 0,139 0,369 0,338

Bu verilerden yararlanarak Masihe nd a | | ve Senbs Testi i -in
programé kull anél mék ve sonu-1lar etkild.@ ayl a
ger-@ejperl eri Temmuz, Ajust osarmnleanklydl:;dk asydvair-é
yesinden k¢- ¢k hélptodjegndah adholseyé llerde trend
lebi lir. Dijer aylarda ise HO hipotezine g°r

kekil 2, kekil 3 ve kekil 46de yatay ekser
buha | akmayée g°stermek ¢(zere Temmuz, Ajustos v
grafikleri wverilmiktir. kekil 2, kekil 3 ve
harl akma verilerine g°re Sapanca G°Il ¢nde mey
pozitif Jdeokmygeedeéanmuz, Ajustos ve Eyl ¢l ayl a
hip olduju s°ylenebilir.

Tamimuz

230 - Dubarlasmai{mm)

FT0

a L 10 15 o YILLARK ==
kekil 2. Temmuz Ayeé i-in Senodés Graf
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AguUsStos

=0 Buharlasma({mm)

e ¥ LY L0y s 20 Y]I.LAR 2=

kekil 3. Ajustos Ayé i-in Sends Gra
Ey il
:ac Buharlasma({mm)
. o 1 v == YILLAR ==
kekil 4. Eyl ¢l Ayé i -in Sends Grafi

5. Sonu-1I ar

tal ekmadasehdel adi beaj éda séral anmékter

1.K¢gresel ésénmanén etkisiyle 23 yéllek bu
Ajustos ve Eyl ¢l aylarénda buharl akmada arta

22 Bilindiiji czere °|l -¢mlerin sajléekle yapeé
racnadjaén el de edilen verilerin g¢venirliji ve
derece °nemlidir. Nor mal Kartlarda az dahi o]
buharl akma ol masé ka-éneél mazdér. Ancak ¢l kem
| akma Clp-édm@adyj éndan bu -al ékmada Ocak ve ku
veril eri kull anél amaméxt ér

3.G°1l ve su y¢zeylerinden buharl akma doj al
séna rajmen buharl akmada son zamanl arda art a
sukayntk | ar éna ol umsuz bir etki yaptejeéené a-ék-:
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4. Temmuz, Ajustos ve Eyl ¢l aylareée dekénda !
men ManRKe nd al | Testine g°re HO hipotezi ge-er |
s°yl enemez.

Kaynaklar

AydémopRl, o]l u, F., 2011. T¢rkiye Buharl aki
¢c. . Fen Bili ml etr2 Enstite¢se Dergisi, 22

Demir, ., Kili -, G. , Cokkun, M. , S¢mer , I
Mi ni mum ve Ortalama Hava Sécakljdkli&rld ki-l e Ya
l er ve Ejilimler. TMMOB Kkl im D84 i ki mi Sempo

Goyal, R.K., 2004. Sensivity of Evapotranspiration to Global Warming: A
case Study of Arid Zone of Rajasthbntlia. Agric Water Managment, 69111

Helsel, D.R.Hirsch, R.M., 1992. Statistical Methods in Water Resources, El-
sevier

Kal e, S., Ejder, T. , Hi sar , o. , Mut !l u, F.
Nehrinin Yéllék Akéek | zerine Etkisi. Adéyama
6, (2), 156176

¥zt ¢¢rnk20K.2. K¢resel Il kI im DejJixkikIlifiji Ve T
ni versitesi Gazi Ejitiehn Fak¢l t esi Dergi si,

Teéer kek, M. , 1994. Artan Sera etkisinin Tg¢gr

Bilim ve Teknik Dergisi, 321, 71, Ankara
https://tr.wi ki ped(iEBEr.iokrigm wl akrii/hSa:p a2n0cla8 )G° | |
i mage E 2019 Digital Gl obe Google Earth (E
https://mgm.gov.tt Er i ki m Tari hi: 2017)

105


https://tr.wikipedia.org/wiki/Sapanca_Gölü
https://mgm.gov.tr/




SAHRATKPKHASTANELERDE ENERJKK HT1 YACI NI N
G! NEK EMERE KARKI LANMASI

¥mer Ahmet ¥ZT| RK

Kstanbul -Carvahpakasi

Do - . Dr. Kbrahim G| NEK

Kstanbul -Caeivahpakasi

¥zeSahra hastanel eri yé¢zyéllardan beri, sav
rumlarda hasta ve yaraleélara gerekli teéebhbi hi:
biri lerdir. Es ki d°nemlerde sahra hastanel er
dej é, i mkanl ar é° rk¢elsseet | dee bg gn gmhéezrd eg gne igken tek
birlikte gerekli donanéma sahip daha kompl eks
vak b°l gelerinden merkez b°lgelere ul akémeén
ansézén her b°l geyi vur abi lktiesaheaktipid o] al afet an
hastaneler ile sajlaneér. Bunun yanéséra y¢kse
yakanan afetlerde sajl ek birimi sayéseée yetersi
hastaneleri hazér bulunmalédér. Proje -er-eves
kulan @ ménén fosil yakétlar yerine, yenilenebilir
defl enmi ktir. S¢rekl i artan enerji i htiyaceéeme:
-evre i-in oluxkturduju problemler, gerek reze
yenilenebilir enerjini’ nemi ortaya -é&kmaktadér. Sahra tip
ol arak faaliyet g°sterdijinden yenilenebilir
| anmasé durumunda bg,y(;k bir enerji tasarrufu
enerjisi potan3|yey hake mendah- i avamtka joll & ek
dadér Ayn zamanda do] al afet ve savak gibi
Céneén fOSI| yaketlarla s¢rekli olarak sajlana
-evede enerji te¢gketimi g¢necxkhastanesir ji panel |l eri
tasarl anacakter Hastanenin kullandéejé teéebhbi
sistemlerin enerji t¢gketim hesapl amal aré yapeél
fili ortaya -ékaréldektan sonra ihtiya- duyul
enerjisic retim sisteminin teknik °zellikleri incel e
t ér . Bu sayede sahra hastanelerinin savak ve
maya ujramaseé muht emel enerji i htiya-1|larénen
bi-imde el de eaddkmneé&ri. m¢gmken ol
Anahtar Kelimeler: Hast anel erde Enerij i, Verimlilik,

Sahra Hastanesi
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energy use of a field hospital by renewable sources instead dfffedsi In

The Solution of Energy Needs in Sahra Type Hospitals With Solar

Abstract: Field hospitals have been vitally important for centuries to
provide medical s@ices to patients and wounded in cases of war and natural
disaster. In the past, field hospitals have become the more complex units with
the necessary equipment together with the developing technology, even though
the first intervention is seen as limitedits. In cases where it is not possible to
reach to the central regions from the war zones, the health service is provided
by field-type hospitals in the moments of natural disasters that can suddenly hit
every region. In addition to this, emergencydidlospitals should be present
because of the insufficient number of health units in disasters in high popula-
tion settlements. Within the framework of the project, it is aimed to model the

addition to our eveincreasing energy needs, renewable energy is of impor-
tance due to the problems of fossil fuels, environmental problems and limited
reserves. Since the Sahara type hospitals operate as mobilized, a great energy
saving will ke provided if energy needs are provided by renewable resources.
Turkey is highly advantageous position compared to many countries in terms
of solar energy potential. At the same time, there is a risk that the necessary
energy needs in natural disaster aval situations cannot be provided with
fossil fuels continuously. In this context, a field hospital with energy consump-
tion will be designed with solar panels. Energy consumption calculations of the
medical devices used by the hospital and other energundng systems will
be made. Technical characteristics of a solar energy generation system that will
produce the energy needed after the hospital's consumption profile is uncovered
will be examined and the system will be designed. In this way, it willdse p
sible to obtain the energy needs of the field hospitals in an uninterrupted, clean
and reliable manner, which is likely to be disrupted in situations such as war
and natural disaster.

Keywords: Energy Efficiency, Energy Management in Hospitals, Sa-

hara Hapital

1. GKRKKk

Verimlilik Artéréce Proje (VAP) Destekler
| | anéme, onar ém, yal et em, modi fi kasyon, r e
'l arl a; gereksiz enerji kul | aénnéémé n°énn-, at éKk
nmesi veya en aza indiril mesi ile birlikte
rda -°z¢ml eri de kapsayan ve m¢glga Yenil er
ndan teblij olarak yayéemlanan usul ve esa:¢
imlilik Arteéeréecé Proje (VAP) ol arak dejerl
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Verimlilik Artérécé Proje destekl eri i K1l e
ol arak ikletmelerinde uygul ayacakl|l aré projel
rimlilik Arttér&denhesj ali ernishnieryedeende¢striye
M¢ederl ¢k taraféndan teblij olarak yayémlanan
|l ere hazeéerlatteéeklareé projelerini her vyeél Oc a
M¢derl ¢k, i nt er nleadn seatynieaks és wrzeetriiynldee,n biakvur u
gi bi bakvuru d°nemini erteleyebilir, uzatabi
alabilir.

Bu -al ékma kapsaménda Enerji etg¢deg -al é@Kme
tipi hastane tasaréménda kull anél acakteéer.

Tesi s b°l gedeki ngfusun yané séra yakén -e
tedir. Enerji t ¢cketimleri a-éséndan ol duk- a
|l acak enerji verimliliji -aleéexkmalaré ol duk- a
t ¢ kndteiri ne et ki eden b°l ¢imler belirtilmiktir.

fAj ez ve Dik Sajl eéeje

9 Cerrahi Bilimleri

T Dahili Bilimler

1G°j¢s Kalp ve Damar Sajl éejeé
fKaden Sajl éje

91 Onkolojik Bilimler

fcocuk Sajl éeje ve Hastal ekl ar e

fAci |l Teép

1Gor ¢nt ¢l eme Hi zmet !l er i
Y Laboratuvar Hizmetleri

fYoj Bakéem

fEczacél ek Hizmetl eri

Yukaréda ifade edilen b°l¢iémlerin olukturd
amaceéeyl a AEner ji Et ¢d¢O0 -al @ékmasé yapél méxkt
mal aré ve bu °Il -¢mlerin sonucdemisenuH K1 et meye
muktur .

Temel enerji t¢eketi mlerdi elektrik ve do] a
s¢reci dojrultusunda enerji verimliliji a-¢€s
l' iz ve hesaplama s¢reci il e testasarufn ener ji t
potansiyel: ortaya koyul acakteér . B°yl ece e
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dojrudan, fosil yakét kull anéménén azalteéel ms
|l ekma ortamé hedefl enmektedir.
¢tal ekxmanén kapsamé i - &eatenparametrelerincesi st eki t
l enmi Kt ir. Bunl arée genel bakl ékl ar dojrul tus
l sétma sistemler.i (secak su, buhar, boyl

Aydénl at mal ar
Pompalar ve fanlar

Haval andérma Eki pmanlareé (klima santrall
Elektrik Altitesipésé ve enerji ka
K- ortam hava kalitesi

Sojutma grupl ar é
Kompres®°rl er
Bina ésé kaybé a-éeéséndan dék cephe yapes
At ék eésé noktalaréder.
¢

(o]
(o]l

Enerji te¢ketimine temel etki yapan el eman|
Kazanl arda yanma vehmegdpllafédn&ey kpa@inl mek iimii
ol - ¢ml er i al énméxkteéer. Ter mal kamera ile bg¢t g
zeylerinde kayéep ka-ak noktalarén tespiti [
motorl arda enerji anmal i 88jr ¢t md egruplsad emdal &
°l -¢ml er , buhar kazanl arénda il etkenlik °©°1-¢
kompres©°r aték ésé noktalarénda héez ve sécak

¥l -¢m ekipmanl aréndan baca glkazmd@a-°| - ¢m ci he
ren yanma ve genel verimler.i i -in gerekl:i d a
-¢m¢g i le i - ortam hava kalitesinin standarda

Ter mal kamera ile tesisattaki é€sé kayeéepl a
yézeylerumiangdzl eml enmi k olup temasl & sécakl
ver i mi i -in ihtiya- duyulan kazan yg¢zey séca

Ter mal kamera vasétasée ile ayréca ését ma

| arda ésé kayepl aréek éinmdcae |beinnnmai kd & k . ¢ eBpuhnd laerréinn

kimler yapélarak cephe ésé kayéplaré g°zl eml

Enerji analiz®°r¢ yardémé il e binanén ayder
genel el ektrik te¢gketimindeki ol asé kararseéez
tim ile ilgili elektriksel Kablon ortaya kon
kani k tesisat motor ve ekipmanl arénda (fan,
s el °l -¢mler al énméxkteéer .
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1.1. MEVCUT ENERJK T} KETKMLERK ve MALKYETI

El ektri knzve ¢kejtalnmg er i akajéeda tablo ve gr
TabloO: Yeéell ék Enerji T¢ketimleri ve Maliyet
. TwTa
t«Y9¢Ta al [T, 9¢
9b9wWWL ¢« al! [ T, 9
Miktar Birim TEP % Toplam TL % Toplam TL / TEP
Elektrik 14.941.632,0 kWh 1.284,98 61,22 3.975.811457L 83,42 3.094,06 T
52l f DFI 985.725,0 sm 813,95 38,78 790.466,87 TL 16,58 971,15 T
TOPLAM 2.098,93 100,00 4.766.278,32 TL| 100,00
ENERJI TUKETIM DAGILIMI ENERJI MALIYET DAGILIMI

17%

61%

83%

M Elektrik ® Dogal Gaz = Elektrik ™ Dogal Gaz

kekiElnerji te¢ketim ve maliyetlerinin yg¢gzde

kekil ldeki grafikte toplam enerji te¢gketior
gaz ol arak ger-eklextii]i go°r ¢l mektedir. 2014
pay sahibi elektmakg?Pre %3Ré6tuk pdayal dgmé@i p
mal i yet dajéléménda %176l ik pay il e parasal
dejéné g°stermiktir. Dojalgazén birim maliy
d¢ekmesine direk et kii mitmetku eldadar EY elkd ek kont g
sénda sojutma, klima santralleri ve aydénl at
el ektri klii aletlerin (medikal cihazlar, vb.)

Tablo 16de birim maliyet (TL/TEP) s¢tununc
def ePetrol (TEP) i-in maliyetlerde el ektrik
der . Bu durum bize kekil 1 deki grafiji orta
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2. GENEL BULGULAR ve ¥NERKLER

Et ¢t kapsaménda yapélan inceleme ve belir
akajéedader . Bu tabloya ve verilere g°re gene

Projelerin uygulanmaseé ile 296,65 TEP yani
réeél mektedir

Projelerin uygulanmasé il e maddi a-edan 5

dir.
Yapél acak bu -aléexmak7 sonuc€ORdalahavmaeye
ol acakter

2. 1. Enerji Y°%°neti mi

Kncel emeye konu ol an Hastane mimari yapeé a
Bunlar;

1. Bl ok: Medi kal ofis ve poliklinikIler bl o]

2.Bl ok: Yojun bakém bl oju
3. ve 4. Bl ok: Yatan hasta bl oju,
5

Bl ok: Kemik KIiji Nakli Nakli | nitesi,
Laboratuvarl aré blojudur

Bu b°l ¢mde tesisin ayl ék bazda enerji tg¢ke
ayré tablolar ve grafikler i Ibeverieere-ayl andeér él
ferans al éeénacakteéer

Tablo0.Sahra Tipi hastane i -1in potansiyel el
leri

¢N1SGAY Maliyet ( TL )

Aylar {LGPYy 1Py «NB At . .

{raPy !t « NS 0 A Toplam
kWh TEP kwWh TEP
Ocak 1,287,488.0 110.72 330,794.62 T|L 330,794.62 7]
dzo I G 1,046,012.0 89.96 282,451.72 7L 282,451.72 7
Mart 1,228,752.0 105.67 322,917.03 7L 322,917.03 7
Nisan 1,224,695.0 105.32 325,135.25 T|L 325,135.25 7]
al e Pa 1,260,640.0 108.42 334,677.86 T|L 334,677.86 T
Haziran 1,316,292.0 113.20 312,854.89 L 312,854.89 7
Temmuz 1,520,612.0 130.77 397,809.14 T|L 397,809.14 7]
1 €dza i 2§ 1,579,596.0 135.85 413,239.79 TL 413,239.79 7]
9&f Nt 1,301,554.0 111.93 341,501.88 T|L 341,501.88 7]
Ekim 1,084,401.0 93.26 312,220.07 L 312,220.07 7]
YIaPY 1,034,338.0 88.95 297,806.20 T|L 297,806.20 7|
I' NI £ P 1,057,252.0 90.92 304,403.00 T|L 304,403.00 7]
Toplamlar | 14,941,632.0 1,284.94 [ 3,975,811.45 TL 3,975,811.45
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160,00

140,00

120,00

100,00

60,00

40,00

20,00

0,00

Ocak Subat Mart Nisan Mayis  Haziran Temmuz Agustos  Eyliil Ekim Kasim Aralik
kelkiHI ektrik te¢ketimlerinin ayléek daj é
3. G NEK ENERJKSK KLE |SNKCTMKS ISUTENRET KMK
TARKFK
Tesi ste sécak su ¢reti mi i -in dojalgaz ku
rultusunda kazanlarda ¢retilen ésé ile sécak
i htiyaca g°re daj étel maktdadvéarl .anY &lé chaky wsruc & els
bir-ok noktada dejerlendiril mektedir
Tablo3:Ayl ék dojalgaz t¢keti mi ve sécak su il
Sécak Sp Di Ler
kWh
Ocak 393,907.20 1,181,721.60
Lubat 282,028.80 846,086.40
Mart 210,724.80 632,174.40
Nisan 236,625.60 709,876.80
May &s 216,434.88 505,014.72
Haziran 307,641.60 131,846.40
Temmuz 278,443.20 119,332.80
AlLustos 289,766.40 124,185.60
Eylul 146,655.36 342,195.84
Ekim 145,944.00 437,832.00
Kasé&m 215,378.40 646,135.20
Ar al &k 265,752.00 797,256.00
Toplam 2,989,302.24 6,473,657.76
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Tabl o 36de g°r¢l degjé¢ gibi sécak su i htiyac
teketimin m&8Di 960 Tyéimeékebesindedir. Ol duk-
mal i yet. ortada ol maséndan dol ayeé tesisin bu
karkél ama i mkané analiz edilmelidir. Alterna
bu konuda mevemi neédaki suesli $erek yenilenebi
dan faydalanma i mkané sajlanabilir G¢nek er
ardendan ikl etme maliyet:i ol maksézéen sécak s

mal i yet. azaltélacakter.

DEJ ERL KNRIME L EIRHESAPLAMALAR

Tesi steki sécak su ihtiyacé i-in b°lgenin
al énarak yazéelém ¢(zerinden yapélan anali zde
tarén aylar bazéndan i htiyacé@rlkaskeéel amaedr an
kol l ekt°r adet, tip ve kaplanacak al an dejer
nacajé Temmuz ayé baz alénarak yapél mexkteér.
%200si ni kar kél ayacak mi ktar da egdilanek kol | ekt
sonu-1lar Tablo 3 de g°sterilmicktir.

El de edil en sonu-1lar g°z °n¢ne al éndeéej énde
u i htiyacénén karkélanmasé pek m¢gmkeéegn ol mam
er . Bunl ardan birincgy¢snek udaitnaun sainy ecloij rsad ni u cot
en al énan enerji veriminin d¢keéegk ol maseéede

;
anmasé istendijinde g¢nek kollekt°r alanéné

Bu sebeple ihtiyacénén bir &édameamémy kar Ké
gun ol acakter. Se-ilen referans ay temmuz i
%206sinin karkélanacajée kKeklinde ol acakter.
ise bu oran bazé aylarda %29, bazée aylarda i
kal acakteéer . Her durumda bir g¢nexk enerjisi d
rul acak g¢nek enerjisi tesisi sécak su ¢reti
dir.

- T o wn

(o]
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DEPREM B¥LGELERI NDE YAPILACAK Y113
YAPILARIN TASARIMI HAKKINDA 2007 VE 2018
DEPREM Y¥NETMELI KLERI NI N
KARKI LAKTI RI LMASI

Saadet ¥ZKAT
Yél dez Teknik [ niversitesi

Dr. ¥jretim yesi Ali Osman KURUKkKCU
Yéel dez| Miekeai &i t esi

¥zelt8. 03. 2018 tarihinde Resmi Gazetede yayén
rihinde y¢rerl ¢je giren -2D8ilek200y ®rihBi na Deprem YP°
Deprem B°l gelerinde Yapélacak Binalar Hakkeéenda
mekt ér. Aylr&ctaarli8hiOm3de yayémlanan ve 01.01.2019
T¢rkiye Deprem Tehli ke Haritalareé ile ¢l kemizd
1996 tarihli Deprem B°lgeleri Haritasé da y¢r ¢

TBDY-2 01 8, 17 b°l ¢m ve 395 °metfmedlaink-ol ukan Kk aj
tir.

TBDY-2018& de ki t e mel deji ki klik deprem y¢klerin
maségdgé&sekYbina takéyécé sistemlerinin tasar éme

tasarémé i-in uyulmasé gereken kurallar, ¥n ¢
ahkap bawéeyeéecé sistemlerinin tasaréeména il i kKki
ayrée b°l ¢mlerde incelenmiktir. Kerpi- binalareée
y°netmelikte yer veril memicktir. Ayréca depren
sénéefé tanaml arégndka kyake er , bina °nem kat sayeées
l er, deprem tasarém sénéeflaré ve bina y¢kseklI ik
cuttur.

Bu -al ékma@@7\VveBBDBEHON18 araséndaki dej i ki kl ik
den, °zellikle y@gjima ypapalaasaredmé einlme kit i r .

¢tal ékxkmada °ncelikle yeéep200dveyyB¥é kavramée il e
2018 y°netmelikleri araséndaki genel farkl el ék
rem b°l gelerinde yapélacak yéjma yapélarén tas
remnegtmel i kl erine g°re karkélakteérél méxktér . ¢ a
bir yeéj] ma yap@hwdTDBEBOYBHYdeprem y°netmel ikl erir
g°re uygunluju ayreé ayré dejerlendirilip karkeée

Anahtar Kelimeler: Y&] ma Yapeé, Deprem,Y~-DBYBHY 2007,
2018



Saadet ™MAZKAT®sman KURUKkCU

Yéj ma binal ar ; takéyéecé sistemleri t ak
pay mal zemel erden olukan takéyeécé duvar|l
1977). Yeéjduwav & Inarl arldeam binanén sénérl aréne
t e mi ol uktururl ar . Duvarl arda y¢k aktar émé
ger -ekl exir. Yé]jma binalarén takéyécé sist
| erden olc¢uékrBkk)t adér (

1.lYéj ma Bina ¢exitl eri

Yé] ma binalar genel ol arak donatéséz yeéej
donatél é& yéjma binalar ve donatelé panel si

Comparison of 2007 and 2018 Earthquake Regulations on the Design of
Masonry Structures in Earthquake Regions

Abstract: Turkey Earthquake Building Regulatic2918 has been pub-
lished in the Official Gazette on 18.03.2018, and it entered into force on
01/01/2019. As a result, the regulation on Buildings to be Constructed in the
Earthquake Zones has been abolished. Furtherrtiee earthquake hazard map
of Turkey has been renewed, and it entered into force at the same time.

A new methodology to calculate the earthquake loads is introduced in
the new regulation (TBDX2018). Furthermore, it explains guidelines and rules
that must be followed for the following topics: (i) designing structural system
for high building, (ii) designing structural system for lightweight steel and tim-
ber building, and (iii) designing earthquake insulated buildings. However, the
new regulation do nohclude rules or guidelines for designing adobe buildings.

In this study, the alterations between The Regulation on Buildings to be
Constructed in the Earthquake Zot#807 and Turkey Earthquake Building
Regulations2018 especially the section relatedhe masonry structure design
has been examined.

In the study, primarily the concept of masonry structure and the general
differences between two relevant regulatibiase beenanalysed Thereafter
the design criteria of masonry structures to be constrilctearthquake zones
havebeen compared according to 2007 and 2018 earthquake regulations. In the
last part of the study, the suitability of a sample masonry structurehas been
evaluated for both 2007 and 2018 earthquake regulations.

Key Words: Masonry Strature, Earthquake, DBYBHY 2007, TBDY
2018

1.YI JMA BKNALAR
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1.2Yeéj ma Binal arén Deprem Etkisi Alténda Da

Bir binanén kullanéem °mr¢ boyunca maruz ke
I ¢kl eri ve olukum zamanl aré g¢negmegz teknol of
dir . Fakat bu b¢yeékl ¢ kalseerlienk | tae Iéi rvlei obiurk udne jse
gi bi bilgiler, -ekKi tl i statistiksel yent eml
mektedir.

Yejma duvarl aré olukturan kargir birimleri
varén geometri k yapeségebekf ghtayl geyreképmdy

|l ere karké dayanéeméné dojrudan etkil emektedi
kargir Dbirimlerin -ekme dayanémlar e, baseén-
hal i il e kargir birimleri n dbaavsréann-é kdeanydaan éamméa,

etkiye sahiptirfArun, 2005).Y €] ma bi nal ar én periyotlaré -ok
remlerde b¢yé¢k yatay kuvvetl ere maruz kal éerl
sinde bulunan ¢l kemi zde inka ediolarekn yapeéel ar é
yapél malaré °nem arz etmektedir.

1.3yéj ma Binal arda Olukan Hasar Bi-imleri v

Yé] ma binalarda d¢key ve yatay ye¢kler alt
ril mel eri ol ukur ve bu geril mel¥&] maeticesind
bina duvarl arénda deprem etkisinden kaynaklI e
yapéyeée etkileyebilecek nitelikte ©°neml:i ol at
¢atl akl arén meydana gel mesinde ol ukum bi - i mi
duyul abi |l ecek mg¢edatheaklneinjiin bye®lnitrelmenvebi | mekt edi

Yé]j ma binalar ©°zellikle duvar b°l ¢mlerinde
d°kKeme ve |l ento bajlantélarée yapél maméxk i se,
g°rmektedirler. Duvarl arda yatay hateéell arén
ol mas@r,emd erde binanén zarar g°rmesine sebeb
|l arda uygulamaya ilikkin yapeélan farkleée bir
hel erinde, b¢yé¢k a-éeékl éja sahip kapé ve penc
lukl ar, Denperlein) iYn°dnee i zin verilen maksi mum bol
akmaktader ve °n cephe, bet onarme kolonl ar t
Bu kekilde, yapéda elastik nitelik bakéménda
peda rijitl Zehksizliklex kné&yaasangetienektedby sebeple deprem es-
nasénda yapé burul ma(eékakjin2Omajuz kal makt a
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14yéj ma Binal arén Onar él masé ve G¢g-lendiri

Yé]l ma binalar i-in °nerilen baklééca g¢-1 er
lanabilir;

a) Yapénén yékelan b°l ¢i¢mlerinin yeniden i1

b) Yapée el emanl aré arasénda bulunan bokl ul
yasal re-inelerin enjekte edilerek be¢gtenl ¢ ¢
tinin art reéel mase,

e
c) Yéjma bi nalkarveendrev-halliak -aulsar él ar ak by¢
il

gé-lendir mesi ,
d) ¢eli k hasér ile takviye yapél maseée,
e) ¢elik profil el emanl aré ile takviye yaj
f) Temel g¢é¢-lendirmesi yapél maseé.
Bu tekniklerin yardéemé il e dE«pr emkyidkl-erir

rine karké yapé el amanénén g¢ce arttéreéel makt

2. DBYBH-2007 VETBDY-2018 Y¥NETMELKKLERK
ARASI NDAKK GENEL FARKLI LI KLAR

il kemi zde kull anélan il k deprem y°netmel i
dana gel en ve yakl aksebep okl Erdinfad Daprersimené n ° | me s i
sonra 1940 yéléenda ye¢é¢rerl ¢jé¢ girmi ktir., Bu vy

bulunduju konumdan bajémséz ol arak yapeéel makt
T¢e¢rkiye Deprem Haritasé haarfrdmamane&n &m . ambDeéedpnm
dan -ékareélan deprem y°netmeliklerinde, depr
ilikkilendirilerek ya{d®Il68ay & ncaekli aymaret éne.l i Ak
farkle olarak g¢negmegzde de halen ekull anél mal
°re hazer !l anlnteka étre iAIBKY YkHeYz s ¢nek yapé tasar
t
I
r
n

D

aylara yer +e3980ndetiise ABwWgHYt asar ém, bi
€ n Se2ekr (2@00). I(k e mi z d e, 1 Ocak 2019 tarihinde
kipe BepremiVenéimél Kk} ie, Ku ana kadar tor

ST oK 4 X Q@
o M

etmel i ji yaAfetl YPasgimgpinegkt ekar el an y°netn
eprem konusu daima en °nemli konu ol duju i-
em y°nethkmedané¢li maktaader .

15Deprem Yer Hareketi Tanemée il e KIgild.i Fa

T¢rkiye Deprem Tehli ke Haritasénen yeéreéerl
hareket.i tanémé ve hesabé da dejikikl ik g ¢
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Y°netmelijinde 1.esDe rbeackeg meédnedparne ne nt erhil sikkl i bol
raber, 5. derece ise depremsellijin ol madej é
Haritasée (kekil 2.1) kullaneéel maktayde.

DEPREM BOLGELERI HARITASI®

roseec: [
womes ]
mossecs L)

: 0 120 Kilomesre w.ossace [
*1.€ Bayrod Adeve fohan Dabalsge 1096 — 0
8 Gemmes, M Nark ve B.Giile rin 1997 e kada Jexgrs lk bl e MREON
¢ Bigi Siaemi ite Bolgelerioie focrtm “eaabendm o
o3 Bl Sieseen ile Deprems Bolgeleniowe focrlmomen oo s Yomokosi. @

1 man

AFET ISLER] GENEL MUDURLGEY.
DEPREM ARASTIRMA DAIREST
ANIA B T RI YR

kekiDe@2rdm B°l gel eAFAD,2AEYy i t asé, 1996 (

Yeni hazérTahbnkbBepaemtasé ile birlikte de
yerine ¢l kemi zdeki her hdej eamkemri iel dhe hadi it &
cektir. Bu dE&€jerDe2 sanayg @leck@saniyepzar i yod
periyod b°l gel erliee karikted egpegletr al i vme kat say
dejerler zeminlere ilikkin °zellikleri yanseé
ral i vme kmvessa)y éd amr iekntag, r(¢d mekt e ve tasareém i
dejerlere bajlkeabirmekkéedide. oBukkekul de daha
olarak verilebilen spektral ivme katsayéesé d

ayré ol ar ak Dbleaulni-r lveen eThainlf eecneekrt i,r2 0(16) .
TBDY-201806de standart tasar eéem adne pirsetma tyiesrt ihka-i

sel parametrelerde bir dejikiklik yapél mamécx
duju gibi 50 yelda akéeélma ol aséeléejé %10 ve t
hareket. kull anél mékter. Ancak ibhatep e ° zel t as

i -in farklé deprem d¢gzeylerini-a0e8&@de al énma-
deprem d¢zeyleri 4 f ar KIDB2 @DV BD4a ydréé-1 mekt ér .
zeyleridir.DD2, st andart tasarém deprem yer hareket
déTfun{ ve Tanfener ,2016).
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16Zemin Gruplaré ve Yerel Zemin Tanémé Bak
2007 Bina Deprem Y°netmelijinde yerel zemi
i -in kullanélan zemin séneéefl are@etfalbblmok2. 16de
tir Bu zemin gruplaré dojrultusunda seéneéfl
czere toplamda 4 sénéfa ayrélarak incel enmi
°zelli klere sahip zemin sénéefeéenée ifade et mek
zeminin yapésé ve °zelliklerine g°re yerel zZe
rel maktadeér. (Tablo2.3) En k°t¢ ©°zelliklere
haya ©°zel araktérma gerektiren zemin sénéefe
Tablo2.1ZemiiEénéf | ar €00/))DBYBHY
Yerel Zemin Zemin Grubu ve En Ust Zemin
Sinifi Tabakas1 Kalinligr (hy)
71 (A) grubu zeminler
7 < 15 m olan (B) grubu zeminler
72 1> 15 m olan (B) grubu zeminler
= 7y < 15 m olan (C) grubu zeminler
73 15 m < /1y <50 m olan (C) grubu zeminler
i 711 < 10 m olan (D) grubu zeminler
74 hi > 50 m olan (C) grubu zeminler
71y > 10 m olan (D) grubu zeminler
Tablo 2. 2 Zemi n20@)y upl aré (DBYBHY
Stand. | Relatif | Serbest Kayma
Zemin Zemin Grubu Penetr. | Sikiik | Basing Dalgasi
Grubu Tammi (N/30) (%) Direnci Hizi
(kPa) (mis)
1. Masif volkanik kayaclar ve
(A) aynsmamis saflam — — = 1000 = 1000
metamorfik  kayaclar, sert
cimentolu tortul kayaclar.
2. Cok stki kum, cakil =50 | g5 100 — =700
3. Sert kil ve siltli kil. =32 _ =400 =700
1. Tuf ve aglomera gibi gevgek
(B) volkanik kayaclar, streksizlik — - 500-1000 700-1000
dizlemleri bulunan aynsmig
cimentolu tortul kayaclar.
2. Siki kum, cakil. 30-50 65-85 — A00=T00
3. Cok kati kil ve siltli kil 16-32 — 200-400 300-700
1.Yumusak streksizlik
(C) dizlemleri  bulunan  cok — — < 500 400-700
ayngmis metamorfik kayaclar
ve cimentolu tortul kayaclar.
2. Orta siki kum, cakil. 10-30 | 35-65 — 200-400
3. Kat kil ve silti kil 816 _ 100200 200-300
1.Yeralt su seviyesinin
(D) yiksek oldugu yumusak, kalin | — — — <200
allvyon tabakalar.
2. Gevgek kum. <10 <35 — <200
3. Yumusak kil, siltli kil. <8 — <100 <200
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Tablo 2. 3 Yerel -20288min Séneéeflarée (TBL

Yerel Ust 30 metrede ortalama

Zemin Zemin Cinsi )5 Weo)so (c.)i

Suuft [ms] [darbe /30 cm] [kPa]
ZA Saglam. sert kayalar > 1500 = =
ZB Az ayrisnus. orta saglam kayalar 760 — 1500 - -

Cok sik1 kum. cakil ve sert kil tabakalar veya
ayrisnus. cok catlakli zayif kayalar

Orta sik1 — stki kum. cakil veya cok kat1 kil
tabakalar1

zc 360 - 760 =50 >250

ZD 180 — 360 15-50 70-250

Gevsek kum. cakil veya yumusak — Kati kil
tabakalar1 veya

ZE PI >20ve w>% 40 kosullarm saglayan <180 <15 <70
toplamda 3 metreden daha kalin yumusak kil

tabakasi (¢, < 25 kPa) iceren profiller

Sahaya 6zel aragtirma ve degerlendirme gerektiren zeminler:

1) Deprem etkisi altmda ¢kme ve potansiyel gocme riskine sahip zeminler (sivilagabilir zeminler.
yiiksek derecede hassas killer. gégebilir zayif ¢cimentolu zeminler vb.).

2) Toplam kalnlig1 3 metreden fazla turba ve/veya organik i¢erigi yiiksek killer.

3) Toplam kalmlig1 8 metreden fazla olan yiiksek plastisiteli (P >50) killer.

4) Cok kalmn (> 35 m) yumusak veya orta kat1 killer.

ZF

1.7Bi na ¥nem Katsayésé ile KIlgildi D¢zenl eme

2018 Bina Deprem Y°netmelijinde binalar,
kull aném sénéflaréna (BKS) ayrél mexteéer. Daha
yer alan okul , yurt, cezaevi ve m¢gze gibi y
sonucu ol arak °nem katsayélaré da 1.4 dejeri
radan,ln t i p yapeéelara etkiyecek deprem y¢gkegnde |
ol arak) yaklakek %7 derecesinde artéek meydan

18eprem Tasarém Sénefée ve Bina Y¢gksekl ik
l ekl ar

TBDY-2018 6 de sbéinneafllaarnédnér él maséna y°nelik yel
yer al maktadér. Bunlardan birisi,pdgké&sa periy
ve bina kullaném sénéféena (BKS) g°re yapel al
Sénéeflareder. Dd&Skdej(aeyéellasperatgatei 4mfarkl é
tedir. Birinci kull anem sénéefénda (BKS=1) ye
Afado harfinin yer aldéjeée g°r¢l mektedir. DTS=1
teri bakéméndan aenn bk rniatliak ds£& n é fBti an ay e/r¢ kasle k| i
ise binanén y¢ksekliji ve DTSO6ye g°re belirl
déréel mékt eér BYS=1 sénéefé en y¢gksek binal are
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19Di jer Ana Farkl el ekl ar

Tasaréem esasl| ar énadra&kk idkeij iy rkd ti rkd leirke aerka sod
ana farkl ekl ar akajéedaki maddel er il e belirt

1T 2007 Bina Deprem Y°netmelijinde 7, 2018
ise 17 b°l ¢ém bulunmaktadér.

T Yéksek binalarén tasarémlaré®fAd¢imlikkin ©

2018 Bina Deprem Y°netmelijine eklenmiktir.
T Deprem yal étéemlé binal arén tasarémé i -i-t
yeni bir b°l¢m olarak 2018 Bina Deprem Y°net
T Hafif -elik binal ar, orharampe bhinmdlaar éne t°an:
reména ilikkin kurallar, yeni y°netmelikte a
T Kerpi- binalarén tasaréména ilikkin kur al
tadeér .

3.DEPREM B¥LGELERKNDE YAPILACAK YI JMA
LARIN TASARIMI HAKKINDA 2007 VE 2018 DEPREM Y¥NET-
MELKKLERKNKN KARKI LAKTI RI LMASI

Yé]jma binalarén ¢l kemiz inkaat sekt©°rg¢gnde
I ol arak bu tip yapélarén, °zellikle depre
r hale getirmekteméen .ydBui skedpmpdm,y Yyagtémae lain
l oji ve tecr¢belerin getirdiiji kazanéml ar é
il ektirmeye gidil mesi ka-énél mazder .

Fakat 2007 Bina Deprem Y°%°netmelifji, il ave
pl e dej idai KI9i9IB|I eDre pd &k nY° net mel i J i il e heme
n y°netmeliklerde fAYé&] ma Binalarén Tasaréer
men hemen ayné kapsamda ol dukl aré g°r ¢l mek
re boyunca inkaatijyvie deankear mghanedl de edi l
ml arénén tasarém kurallaréna yanseétél madéj

-5 o

a
[

0
y

S wnw s —
> D D

Bu tezin konusu ol arak ele alénan 2007 ve
nin yéjma bina tasarémé il e i lamgand i bel ¢ml e
paral el olarak, yeni deprem y°netmelijinin i
¢l mektedir.

Tezin bu b°l¢im¢gnde deprem b°lgelerinde yaj
a k k BBYBH¥2007veTBDY-2018y ° net mel i kl erinin il gili keés
karkél aktérma, yorum ve -ékarémlara yer veri

]

]

>

124



DepremB° | grederYapél acak Yéjma Yapél arén Tasar @&mé Hak

anl akédpélidhbirl nyesi mafkiksaapdsea m | BBa kbéumémodlaghm Kar K
térmao, AKzin Verilen En ¢ok Kat Adet ve Y¢k
iMal zeme ve DayanémlarvecBE®deepmemdérsKEbEKkBh&ERMEe
dan Kar Kk &ll saktaé&kr rmPé ktt aa nian chealke n mi Kt i r .

110 Kapsam Bakéeméndan Karkél akt ér ma

2007 Deprem Y°netmelijinde i-erik olarak s
yéj ma binalardan bahsedil mesine kar kKkén, 2018
ol arak Adonaté@adengé€fEma panab swsestemli bi nal a
Yél ma bina tasaréemé i-in donaté kull anéméneén
dan destekl enmesi, depreme karké al énan tedb
jerlendirilebilir.

111 Kzin Veril énAHBetCol Kaksekl ikl eri Bak
| akt ér ma

DBYBHY 200y @®&jdma binalarda her bir katén vy
t¢enden do rkeme okb Bgkamprauvarl @€ yéjma binal arda
yé¢ksek270pb cheam, e] e rbodyum xadyl ;nkéske ki s ¢ 0 nimdd e n
fazla ol amayacajé °ng?°renl morkt ri.iy a¥plerde tume lkiakt t
|l abilece] i, birden fazla meomdrhimr kaaz alyta@léd Eajs
bu katl ar a ek- adleéa rkdaka eypagmménlpba cheakme bdgki al anéné
%25n6dien b¢gyeéek ol amayacajé °ngor el megkt gr .

(o]
=

TBDY 2Q@Qt8éayéjma binalar i -inbnzin verile
y ¢ ksekl iverimiketniérf.| aBiéna y¢ksekl i k sénéeflare ve
g°re tanémlanan bina y¢ksekli k aral ekl arée b
benzer ol ar ak, bu katl ara ek olarak yapeél ace
al anéenén %2 5ndai ynadcemddéte bivbbdaumdsttaap € 1 abi | ecej i bel |
tilmektedir.

112 Mal zeme ve Dayanémlar Bakéeméndan Kar kel

Her i ki y°netmelijin de yeéjma duvarl arda |
i kIl er i ile i1 gildi keseéemlar éynap dlak@il Idief ;& zam
2007 Deprem Y°netmelijinde kerpi- ve Kkire
mal zemel erin kargir birim olarak kull anél mas
netmelijinde anél an m&argrdinngdrirebraes @ya-i n veri | me
neml aré il eD@mredrhi ¥ reet ?eOIli8] i nde daha geni K
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2018 Deprem YlPamreatmzlld |paondeel, asdat &ml i anél acak

t on sénef e i -1in SsPDB¥BHIXN 2®Dr0Orgad @ grat ibri inlariak tdiar
kul | &nél etcaan s égcBfoédmaréemenekt iTBDY bel irtil m
20180uwesén€Xoleaar ak ° ngkape meyektpencere bokl ukl
kull anél acak | entolar hakkénda benzer kurall
Y°netmeli]imum yendeoklimijnii il e atgyl habéelr-kur
l ar hakkéenda il gil/ kesemlareée incelendif57i za
kalitesinin arttereéeldej e, etriye aral ekl areéeén
déeje, etriyvel deyanghr gk méletedir. Ayreéca 2018
mol oz takl é& ve kerpi- yéjma binalara izin ve
cak yatay hatéllarla ilgili kéeséemlar yer al m

1.13Deprem Hesabé Bakéméndan Karkél akt ér ma

DBYBHY-200706de, yéjma binalar i-in B°l ¢ ;m 50t
masé durumunda, ayréca deprem hesabé yapél ma
hesabé yapél masé durumunda, B°l ¢m 56te veril
il e spektsSgmlkats@yés@&e deprem y¢ke azalt ma
al énarak B°l ¢m 206de verilen fAEkKkdejer Deprem
masé gerektiji °ng°r ¢l megktgr.

TBDY-201806de, yéjma binalarén deprem hesabé
model |l enerelyadaweycckl erin birlexkik etkilerdi
pel acajée belirtilmektedir. Yapésal -%z¢ml eme
buk y°ntemlerinden Dbirinin kullanél masé ©°ng
hangi kokul | arldec &jei-2n0EI3820Ydge® rae- éske -bii r kKeki | de
mi kK ol duj u; bunun y°netmeli k a-éséndan bir I
edi |l mi ktir.

4. SE¢CKLEN ¥RNEK BKR YI JMA BXOANI N DBYBI
VETBDY-2 01806 E G¥RE KARKILAKTI RI LMASI

Se-ilen °rnekkyéymaebmebhijherbinaya uygun
karkél aktéréel mék ve elde edilen sonu-1Ilara g¢
Fatih KI-esi, Yedi kul e Kmr 2bhadresindiékdnat! | e s i Kst

ol arak kull anél anmi® rbnoedkr uyng j nzae nbiinn a+, 12 nkoérsma |
ve batéeda 2 keésmi Aatad i kat gragpan aml yiemankat dd &re
Si st emi tujl a yéj maderDuvxk evree Itearv aanh kyaspz edy®l kee
¢st¢ boya ol duju yapémarti ncelAbmalpemee di eepi
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katl ara ul akél maktadeéer. Ahkap oturtma -at e,
kiremit ©°rtg¢gse kapl éder .
fBinanén kat y¢kseklI iji 4. 10 m ol arak °1I -y
k € s mi -ateée katéendan oluktujundan dol ayée 2
tilen en fazla kat adedi TBONR2AUL&8HBaeuymad®e]
g°re yapeéelan heatphakdaekmhaksi memékéné axt
mi Ktir.
fyéeéj ma binanén takéeéyécé duvarl ardaki en by
il e il diielri i®kar tyloare tan®rhoilkatrea kd eb eelni r-1oekn mi Kkt
¥rnek yéjma binaneén naksimunpllesnle&d &€ nimeaene ke nd
uzunlujunun 5.90 m olarak ©°1 -¢l mgktor . Bu
mesnetl enmemi K eenr bigkyi¢ kysCargeutanhealgi@jidh t espi t
edi | mi ktir.
fYapelan yerinde inceleme sonucunda duvar
tujlasé kull antdrdeéeijkei byl netl menlmik tii-ri.n uyg
TDBYBHY-2 0 0 7Bidrei nc i derece deprem b°l gesi nde

yéjma binal arén t akéeébyiérciencd u vkaartllaarrédnagln e(nz
kal énl ekl are bir 20 cmbédir. TBDXemi n katt a

2018donat éseéz yéjma kagir birimler ile mi
cm, 1. kat tHher 35 ké moyd®°imre.t)mel i kK i -in uygul
edi | mi ktir.

fyéj ma binanén takéyéecé duhmerl akdakgPnbokl u
mel ik i-in uygundur.

fyéj ma binanén takéyécé duvarlarda bérakeéel
il gilihekainkliay@netmeli k i-in uygundur.
fHer i ki y°netmelijin de yéjma binal arda

ol masé °ngUygumekegdi dir

5. SONUC¢LAR

2007 DBYBHYOe g°re deprem tehlikesi ve bu
olarak dikkate al énmaktaydeée.

2018 TBDY il e hbirrelni ksties my ¢kr ¢trelh¢ljiekeg hari t a
birlikte zemin etkisi hesapl ara daha ger -
den yeni yo°netmelijin deprem tehlikesini
duju belirlenmicktir.
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2018 TBDY il e birlirktler iytédg mlae ryiarpién ag &lni
gzl emlenmi ktir.

fical eékmada se-ilen binanén deprem y°net me
uyup uymadéjée incelenmi«xktir.
fyenetmeli kl ere g°re yéjma binalarén t¢m Kk
mektedir. 19. ydepn!|l birEindani pyapéedn y°ne
kurall aréné yerine getirmediji tespit edi
fAncak yapé yakamé boyunca bir -ok b¢gyeéek d
mi Ktir. Bu davranék g°steriyor ki, y°onet
bil e,biyfd maasaréménda kritik kurallara uy
vetlerini karkélayabil mektedir.

fDepreme dayanékl é& tasarém anl ayékénda hed
ve can kaybéna sebep ol mamaséder.

fTe¢em tasarém det &kwlrad é@ arlée@éy Sma¢tl menlaislka da;

kutu keklinde yapél mék s¢rekli planl e yap
| ardaki s¢reklb i Ligi, dojru -Dancere t ekni k1l er
bokl uk oranl aréna sahi pb?°Il°zcesn Idiuviakr-lialriék |vi
-atélaré hafif mal zemel er ile ¢retil mik,
depremler sonrasénda az hasarl é& ol arak, vy
fiyYenet meli kte ampirik kurallar il e veriler
madanedinlikebi |l en yéjma binalarén t¢m bu av
m¢zde kaliteli malzemeler ile -0k -ajdacxk
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INVESTIGATION OF THE COMBUSTIBILITY
POTENTIAL OF INDUSTRIAL WASTE SLUDGE
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Abstract: Depletion of fossil fuel sources and the increase in the unite
prices directs the researchers and demanding community to alternative fuels
such as renewable energy. Besides renewable energy, the evaluation of wastes
as fuel is also the important remedyfoél requirement. In this study, an in-
dustrial plant wastewater treatment plant waste sludge that is the end of the
decomposition process stack combustibility potential has been searched. It is
concluded that the sludge could be assessed as a fuel watvettagie calorific
value of 1,221 kcal/kg. It could be added the group of low caloric value fuels
that are furnace gas, formalin gasrexgas,andCO gas.

Keywords: waste sludge, industry, fuel

Introduction

Waste feedstock of the industrial utilizations is to be turned into the economy
by different methods such as recovery of valuable materials, production of new ma-
terials, and turning into a fuel. The important drivers that are lowering in land filling,
reduwction of fossil fuel dependence, decrease greenhouse gas pollution and emissi-
ons, eligibility for carbon credits and tax incentives by fuelling the energy production
from wastes [1]. Additionally, increase in energy prices, competitive conditions in
the maket, growth of population, environmental considerations, fossil fuel emissions
motivate the people to search new alternative energy sources. To get fuel, physical,
thermal, biological or chemical processing could be required. Gasification, pyrolysis,
anaeobic digestion etc. are some of the waste to fuel conversion methods to get gas
or liquid base fuels. Incineration is another waste to energy converting method by the
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burning of solid waste to generate hot water to supply a steam turbine to generate
shaftwork and converting it into the electricity by a generator. Also, combustion heat
is used to heat living spaces. Combustible compounds of the solid households and
industrial waste are to be separated and burned to generate energy by incineration.
Separatn of low energetic and inert composition from the waste allow high quality,
and caloric value fuel. Solid based waste fuel production decreases the dependency

on fossil fuels. The waste higher heati

fuel [2]. Heating value is necessary to analyse and design arlgdsed energy sys-

tems [3]. The most common methods recently being practised evaluating the heating
value of waste by using the derived equation, or experimentally by using the bomb
calorimeter [4].Determination of higher heating value from the elemental compo-
unds of fuel is one of the basic steps in performance modelling and calculations on
thermal systems [5]. There are several formula shown in the field to determine the
higher heating value of fleefrom the basic data analysis, such as proximate, ultimate
and chemical composition analysis [6]. Garcia et al. experimentally determined the
higher heating value of 100 different samples that are biomass. Ultimate analysis
equations were used to createorrelation between data, to quantify the detected
dependence of higher heating value on carbon and oxygen content [7]. Yin studied
two new empirical correlations based on ultimate and proximate analyses. The higher
heaing value of biomass predictedtbig way. It is concluded that these correlations
are applicable to the simple manual calculations of carbon and hydrogen contents [8].
Demirbas discussed that proximate and ultimate analyses result of wastes differ con-
siderably, some properties of the fi@ss samples such as the hydrogen content, the
sulphur content and the ignition temperatures [9]. Moreno et al. commented that dif-
ferent models have relied upon elemental, proximal, structural, physical and chemi-
cal analyses to determine the values of sealy heat variables, although those rel-
ying on the results of the first two types of analysis have been the most popular [10].
Cooper et al. predicted a new equation to determine the heating value of hazardous
and norhazardous materials. The model comrsidthe carbon, hydrogen, oxygen,
chlorine, and sulphur content of the material being combusted [11]. Akkaya and De-
mir developed a model to estimate the higher heating value of solid waste using their
contents of water, carbon, hydrogen, nitrogen, oxygehsalphur. The results of

this study show that the developed model equation shows high estimation perfor-
mance [12].

In this study, to relate the heating value of the industrial waste mud determined
by bomb calorimetric analyses. Heating value of a fualda has been characterized
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by the contents (in mass% of dry material) of carbon, hydrogen, nitrogen, oxygen,
sulphur, chlorine and ash in chemical base [13].

Material and Methods

Waste water treatment plant accumulated waste sludge by the precipitation o
the production waste water includes the economically valuable magnetic and also
combustible elements. The recoverable magnetic content of the waste sludge has the
economical potential. Additionally the nonmagnetic part of the sludge is also inclu-
des combstible content. The experimental analyses of the combustibility of the
waste sludge investigated experimentally. First of all, samples were taken from the
bul k mass of sl udg2d Stdtistieal aspectsfoffls@mplingfom1 1 6 4 8
bulk materials Par t 2: Sampling of particulate mater.]
of the sludge samples were determined instrumental methods due to EN 15104:2011
("Solid biofuels- Determination of total content of carbon, hydrogen and nitregen
Instrumental methods'yad EN 15289: 2011 (fASolid biofuels.
content of sulfur and chlorineodo).

Results and Discussions

The Vario MACRO Cube elemental analyser were used to determine the com-
bustible content rates in the samples. The average content oesamngsk given in
Table 1.

Table 1. Combustible chemical content of waste sludge.

Element | Dry base (%)

C 15.29
H 1.72
S 0.7

The combustible content in Table 1 is the motivation of this study. The samp-
les were combusted by IKA WERKE C200 model boralorimeter due to ASTM
D5865 (AStandard Test Method for Gross Calor
calorific values of the samples were given in Table 2.
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Table 2. Higher heating value of the samples.

Sample 1 2 3 4 5 6

HHV (kcal/kg) | 1,119| 1,227| 1,218| 1,261| 1,178| 1,323

The average higher heating value of the tested samples were determined 1,221
kcal/kg. The heating value of the waste sludge is low and could be classified in the
low calorific value fuels group that consists furnace gas, formalircgeexgas, CO
gas, domestic wastes, braun carbon, and etc. The products of the combustion process
is given in Table 3.

Table 3. Average value of combustion products.

Content Moisture | Ash | Volatile substancey Sulphuric content

Content rate (%) 2.69 66.42 30.26 0.63

The bulk mass of solid waste could be reduced by the combustion process. The
ash could be drawn away from the plant without the requirement of special destruc-
tion process and with a less mass requires less transportation cost. Usagke @fsw
a fuel in different processes add an economical value to the waste.

Conclusion

The bulk mass of sludge can not be thrown out environment and it requires
the annihilation process in the current case. The annihilation cost of the sludge for
thefc i | ity is about 103,852.8 $ annually. By
fuel in the facility eliminates the special annihilation costs.Combustion of the sludge
by a special burner and getting hot usage water or space heating could be applicable
and decrease the fuel costs to this requirements add economical contribution to the
plant. If lignite coal is taken as an example energy source a low heating value fuel
with higher heating value is 3,384 kcal/kg and for per kilogram of waste sludge com-
buston instead of lignite in a combustor means the decrease of combusted lignite
mass 36%. Per tones of lignite cost is 38 $ and the saving potential by the usage of
the sludge as a fuel is about 13.81 $.
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¢COK ¢¥Z! N!'RL! KL! DALRKKKH K ANAL
KSTANBUL R! ZGARKHMI ZI ANAL

Gizem KULAKLI

Kkt anbul Tekni k | niversitesi

M. Furkan KLASLAN

Kkt anbul Tekni k | niversitesi

¥mer AKG;| N

Mar mara | niversitesi

T. ¢etin AKI NCI

Kktanbul Teknik | niversitesi

¥zeBu - al ékmada, yenil enebilir enerji kayna
edilen R¢zg®©r enerjisinin Kstanbul i -in analiz
negrl ¢kl ¢ Dal glatcie k RAswall a tziion MWavel et Anal ysis)
¢tal ékma sonu-|laréndan el de edilecek verilerden
me | R¢zg®©r santrall eri i-in fizibilite raporla
i -ermektedir. Bu anl amdaRKzsdg@rn btud z6&dmé ry ¢kashedk if yr
anl akél maséna ve °|l-¢m alanénda mobil ke¢-¢k ©°I
téeremé i-in gerekli ol an temel mekani zmanén d:
l unmaktader Yapél an analizlerdye dal gacék skal
bajl e ol arak, sonu-1ar, r¢zgar hézé dejikkenl
farkle frekans °zell ikl eri i -erdijini g°ster me
hezl arda toplanan datalardan iki temel °] - ek &
- ¢k °1 -aetkd eyrgkes edlk dal gacék varyansé g°sterirke
l er ise d¢k¢k dalgacék varyasyon farkeéeyla kar a
Anahtar Kelimeler: R¢ z g ©r Heé z é, R¢zg®©r Enerjisi, MR WA

Analizi.

Istanbul Wind Speed Analysis With Mrwa

Abstract: In this study, the most preferred wind energy from renewable
energy sources was analyzed for Istanbul. MRésolution Wavelet Analysis
was performed in the analysis. The data to be obtained from the results of the
study includes the qualificatins that can be used as feasibility reports the pos-
sible wind farms to be established. In this sense, it contributes to a better un-
derstanding of higlirequency wind speed in Istanbul and better knowledge of
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the basic mechanism required for the investnoénmhobile smaHscale wind

farms in the measurement area. Based on the relationship between wavelet
scale and frequency, the results show that wind speed variability includes sea-
sonal and monthy-month frequency characteristics. In addition, two basic
scde ranges can be defined from the data collected at different speeds of wind
speed. Smaller scales show higher wavelet variance while higher scales can be
characterized by low wavelet variation.

Keywords: Wind Speed, Wind Energy, MRWA, Wavelet Analysis.

1. GKRKK

Géenegmegzde enerjoi ekonomi k ve politik gg¢-
jerl erdendir. Teknolojinin g¢nl ¢k hayatéen he
ayrélmaz bir par-asé ol masé insanojlunun en:
artt er3nexktrmust ane ntedgdknol o i enerj i i htiyaceneér
tadér bu enerji i htiyacenén t¢gkenebilen bir
ciddi zararlar veren fosi/ yakétlarla karckel
alternalteirf arfazngankt adér [ 4] Yenil enebilir enet
jiosi bu alternatif =-°z¢;mlerden biri ve géneénm
kaynakl aréndan biridir. Tg¢rkiyednin yenilene
yenilenebilir e r j i kaynakl|l arénén potansiyel belirl ey
l erdeki r¢zgar potansiyelinin uygunluju, hem
ki bir-ok -alékma i-in arakteéermaya dejer bul
resel etmenlerveoi | yakét kaynakl arénén azal masé yen
y°neliki -t éeFméktéyakbBt enerji kaynakl ar & i
jémlé ol masénén riskleri ve yenilenebilir en
hakkeénda é&rima okap&alamékt ér. Yapélan bu anali z
yelini belirl emeye y°neli k arakteérmal ar da b
dell erinden-9l ukmaktadér [ 6

11.R¢ zg®©r @e HRgzZg ¥1| - ¢ m¢

R¢zg®©r en basit taneéemlud aDg&Emy & zy ¢ezseyliamriem ék
ol masé sebebiyle G¢g¢gnek taraféndan dengesi z &
tidir [10]. |l sénan hava genikler ve °z k¢t
ol ukturur . Daha sojuk Wwhrtvar uirs.e Q@Qlikisark YyalkeEa
sén- al anl aréndan, al -ak baseén- al anl aréna
akémlaréna r¢zg©r denir. Atmosferdeki seéecakl
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Géenek éxkénlarénéen gel me nankek s8shg, r eys¢ik,s edaria d t
ni zl erinkganekskéemé&gent él aréedér . R¢zg©rl aré backxk
ke¢nder . Bunl ar ; al ansal basén- farkéndan mey
hezl a ésénmaséndan ol ukan yietkileyendaipaz gar | ar dér
aynée y°nde esen s¢rekli r¢zgarlar ve ketalar
sonucu ol uxkan, mevsimlik r¢zgarlar ol arak da
gar |l ardeér Criolis etkisi bat é @taeden doj uya d°
hava g¢ney yarém k¢grede havayé soluna sapteéer
térmasé durumudur [10,11].

R¢zg©r hézé anemometre olarak adlandéreéel a

R¢zg®©r hézé i-in, °1-¢megn ynapélvac &jl € ¢snatle&d g -
manl aréné takéyacak °1 -¢m direkl eri kurul ur .
cak kekilde yerlexktirilir. Kki tip °1l-¢m dir
ve boru tipi °1l-¢m direkl eritiptgnmeyflaba83] . Ane mo m
gel mektedir Ultrasoni k anemometreler her Dbi
czerinden al énmasé arasénda ge-en sg¢grenin °f
metrede ise kep-e rotorunun taml bilregnturunun

Propell er anemometrenin -alékma prensibi de

anemometreler r¢zg®©r y°n¢gne di k monte edil di
monte edildijinde yatay r¢zg©r héezéené °1| -erl
£ n - far ke, basén- mer kezl er i araséndaki me s
R¢zgaréen y°n¢gne¢g etkileyen faktor i se, basén-
Il er i ve d¢egnyai3En den¢gkegder [ 10

2. MATEMATKKSEL ANALKZ

Bu -al ékmada, ré¢zgar verilerinin saatlik
tok ¢°z¢negrl ¢kl ¢ Dal gacék Anali zi (¢C¢DA) y°n
ré¢zgar verileri incelenmi ktir.

21L.WAVELET (DALGACI K) ANALKZK

tok -°z¢nerl ¢kl ¢gagnaki diy simglli ny aéael
zaman gi bi t emel deji kkenlere ayrélarak =-°9°zg¢g
b¢gten ol arak -exitli frekansl aréen tespit edi
frekansl arén genli k wer%Imeane khiieldgirsi[ 13k k &rod
negrl ¢kl ¢ dal gacéek anali zi sinyallerin -ekKit
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sajl ar. Daha 1ivyi -0 zeéenegrl ¢kl ¢ veriler y¢ksek
Il ¢kl ¢ bilexkenler dg¢kg¢k fr enelizimbrldiztlter . tok -°2z
yakl akémé ol ukturmaktadeér [ 15].

211 ¥1| - ekl endi rermdt UzakHorksiyone r i

Sinyal -%z¢mlenmesinde, y¢ksek °I1 -eklerde
deki fonksiyonlaré kapsar. Denklenmsl de °1| - e
ol duju g°sterilmixktir. Denklem 2 de °Il -ekl en
g%r ¢l mektedir.

0 OEOL Ov Ov Oup OEOVD )

Bu denklemle yapélan a-éklamanén kKkema il e
dir.

0 L1 (2

V2
1
V1
t
w1 | WO | VO

keki¥ll -e.kl endirme ve alt wuzayén venn Kemas

0 0SS W
L US$S W
3
¢Cok -°z¢ngrl ¢ kld%d Ydael gtaacneékm|panndétrk.iz i k apal &
alt uzaylar di zi@i&ow -0° zagnackr Itcaknlégml daanlégra,c é k e
daki °zelli klere sahi Ztamsa¥élakl egmnpdrrmdet mp
olarak belirtiimektedir [16].
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212Ayr ék Dal gacek Anali zi

Giriykalsiinn n ii tekaemané edelirse, Nygqui st t
l ar ak, i | kiydéektsaeyk -géek-tierseen OF i | trenin -éekeéké o
detayfy2ileff 4 ar aséndaki frekans bandéné yakal ayac
ffdveff 8 ve benzerl eri araseéndaki frekans band
dal gacék akajedaki gi bi tanéemlanabilir
: (4)

0O p . WO /RO (5)

Denklem 4 ve 56d0 simyalim kewmdi sijf di, r ve
dirme ve -eviwvdtoparf@metr,elterayrék zaman i nde
dir, rana dal gaceékter [18]. Mal |l at taraféndan
l'izinde temel olarak d°rt filitre vardeér (ay
sek ge-iren filtrel-bdkrgexiti emef klesméndap¢, kae
ék dalgaceéeja ait bir girik sinyalini -0z
iren filtrelerden ge-irilir. Al-ak ge-ire
n) , Yéksek ge- illereatay (detdil)tolarakdistmiendiile.- e n s i
l akéeml ar °]l -ekl endirmeler il e alakal e
6én algoritmaseé verilen -0k -°2z¢nerl ¢kl ¢k

alma ikl emidir. iBliirmiymik | de&vwam sa tntyiarl ii rnk egre
aré onun y¢ksek frekanstaki bil ekenl erini
crl ¢kl ¢ bilekenlere par-alandéjé -o0ok sevi
mada Mall at 6én - ok akd axreamél kkll 4 adh&ll gnexa ler
to W(B 0ONco ¢ (6)
Denklem 606dal vekl erdi r me fooodakveyonu | k i s
rilen ana dalgacéej én &Il -iekl ggwi- iywemuudlIlté&jee kya
| amak i -in kull anél ér ken, ana dal gacéktaki d
al -ak ge-iren filtre y¢ksek frekansl e bilexke
kull anél - ¢ kle&amé R9nks i yzelikiermikulanéraky i nel e mel i
d¢e¢kKegk -°%2zeéenerl ¢kt eki yakl akékl ék katsayel ar é
yeler ayréca daha y¢ksek seviyenin yakl akeékl

o6&k ¢ % 00 ¢

Q >

D <

XS5 ——S ~+x0o ' =
< 5

213 Ayr ekt éer ma

Her hangi bir alt?il9ewizaeg e day ry@awtéd éema ¥ nce
katsayésé belirlenir. Ayréekma katsayésé bel]
relerden ge-irilir. Al -ak ge-iren filtrenin
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filtrenin -ékteéel ariéekldemiayadlat @&k veedirr emyfrielkt ré
devam eder (kekil 2).

Thb

DTwT

kekiAll -22k ve y¢ksek ge-iren filtre

214. Birl exktir me

Birlexktirme ikl emi denklem 7 ile ifade edi
caj e ggwdirteopVl amé bir ¢st seviyeye exkit ol mal
ol arak ymnwe@lbeangayvekPOorl eri ol mak ¢zer e; denk
l ektirerek ve dejikkenlerin birka- do°ng¢Keémer
edilir.

Vme1=VméS Wn. (7)

0 ™ 0 Q8 0aQ (8)

0 %3 0aaQe ca QaaQe ca 9)

Denkl em 12, bir seviye daha y¢ksek ol an vy
yapélandéreléer. kekil 3'"de bu temel algoritm

kekiBli r3.ekme i kleminin temel algoritim
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3. KSTANBUL AR} H6 Zl VERKLERKNKN WAVELET ANAL

Akaj] édaki kekil 46de verilen r¢zgar veril
Genel M¢edegrl ¢ ¢nden taraféndan kayét edil mik
hem yeéell ék ol arak hem de kmneevidi Mmbale claaartd k ka ro:
kayéet edilen verilerin yeéelleéek -1izi mi gesteri
di key eksen ise genliji (satlik r¢zgar hézé)

istanbul Riizgar Hizi

Genlik [m/sn]
(4]

0 . | | | A
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Zaman[Saat]

kekiKlstda.nbul r¢zgar hezé (2004 yeéel e)

kekil 56de ise 2004 Yeéelé Kstanbul R¢zgO©Or
zeéenegrl gkl ¢ Dal gacéek Anali zi (¢¢DA) wveril mikt
dajéel ém héezlarée g°z °n¢ne alénarak incel enme
t ¢r. Bu arylla@mkd anedy sermsel guruplara ayrélan ve
grafiji 7 b°l ¢ ¢mden ol ukmaktadér. | teki ikKkare
i Kar et (a), dijerleri i se detay (d) ikaret/l
grafi klreurlimuxlitwkt.u Burada a5 ve d ikaretlerini
tedir.
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2004 Yili Istanbul lli llkbahar Mevsimi 5 Detayli Gok Goziniirliiklii Dalgacik Analizi
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kekiKlstsa.nbul r¢zgar heéezé verilerinin mevsi

Ayné analizle kekil 66da yaz mevsimine ai
bahar ve kekil id®dédelis&i Kémnmévzi m°r ¢l mekted

2004 Yili Istanbul Ili Yaz Mevsimi 5 Detayli Cok Céziiniirliiklii Dalgacik Analizi

o T T T T
s
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o 500 1000 1500 2000 2500
° T T T T
o I I | I

o 50 1000 1500 2000 2500
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o 500 1000 1500 2000 2500
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kekiKlst@a.nbul r¢zgar héezé verilerinin mevs
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2004 Yili Istanbul lli Sonbahar Mevsimi 5 Detayli Gok Géziiniirlil

i Dalgacik Analizi
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T 200

—“IFPCOZBFPAMINT NI DBPONCH Z—o<mz —r—< HOoON

0 1 2 3

5 6 7 8 9
RUZGAR HIZI [misaat]

kekiKlst%@.nbul r¢zgar heéezé i -in mevsi msel

Tablo 16de 2004 yélée Kstanbul r¢zgar heéeze

simum dejeri, ¢ ar pke«]l erkl evrei Su earnidlamitk tsiarp.maK s t
l erini inceledijinde, kék mevsiminde maksi mu
g%r ¢l mektedir. Buna rajmen Kstanbul dun yeél [
jerini almaktadér. éAvméoat al hkabahagavehkek
yakénken, sonbahar ve yaz aylarénda ise orta
tadeér .

Tablol.Mevsi msel R¢zgar Heézénén Kstatistik An
MEV SKM Ort. Bas ekl Mak. ¢ar pek StdSapma
Kl kbahg 24131 2,32 6,9 0,3458 1,4334
Keék 2,4094 4,8667 9,2 1,177 1,5505
Sonbahar 2,2429 2,5607 7,2 0,6196 1,5807
Yaz 2,2882 2,7228 7,5 0,5007 1,4874
T¢m Yeéel 2,2853 3,1978 9,2 0,6803 1,5312
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SONUC¢

Bu -alékmada Kstanbul GOvzetreiplee riil -¢e¢sD A 2yOa0-4
pelarak incelenmiktir. Ayréca istatistik ver
jinde sonbahar ve kék mevsimlerinin héez ver.i
il kbahar wverilerini de bir briamngr ayfaikjéin wd diug-
tatisti k anal i zi sonu-1ar é, r¢zgar hezénéen o
termi ktir. Yeél i -indeki r¢zgar hezlaréenén da
ol arak ayeéreéelarak incel enmi kdeimevsimsélapéel an - al
verilerin ¢¢DA ile yaklakéem (a) ve detayl are
ilgili ger ekl i mat emati k altyapé verilirken
ruml amal aréna dejinil memicktir.
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EMPEDANS KAYNAKLI KNWE RITERLER K¢

SEVKYELKPID KONTROL ¥R TASARI MI

Ark. G°r. Ali Réza YILMAZ
Yél déz Teknik | niversitesi
Do - . Dr . Burcu ERKMEN
Yel dez Teknik | niversitesi
¥zeBu -al éekmada, ¢(- fazlée, gerilim kontro
kullaneél abil ecek bir-Sauroplevertardi S| kayapé&se- i nve
nén kontrolg¢ i-in tasarlanan-MePIDF katl & PI D
sunul muktur . Ayyerl éacraé n®ins toepnt i kmd tzsassyonu i -1in
far ksal evrim algoritmasé ( MdMDEA) i ed Di fferenti
tanetél méktéer. Geleneksel sezgisel algoritmal al
bakéel madan yapeél acak boakaanr éd pét ioniaznaasyyaocna jiék | aekmikne
dér Sistemi kararséz hale sokan -°z¢:;m k¢mel er
mi ni ger-eklektiren MDEA yapésé ile optimum
yon sonunda sistemi kararséz halse& sokan -°2z¢m
da azaltél mékteér. ¥ner iplidegral(k} diferarm i |l e opti mum
sivel (K) ve t¢r)evk aftislatyréel a(rTé el de edi | mi ktir .
MLPI D kontrol yapésénén etkinliji farkIl & gi
Anahtar Kelimeler: Knverter, Empedans KaynakI|l & Knverte
Far ksal Evrim Al gortimasé

Abstract: This paper presents a new control strategy Mudtiel PID
(MLPID) for the Zsource inverter supplied by batteries for thpbase voltage
control motor applications. A modified differential evolution algorithm (MDEA)
is introduced for optimization of sigsm parameters. When considering the con-
ventional heuristic algorithm, it is not possible to achieve the optimum solution
without checking system stability. Optimum design can be achieved with creat-
ing stable sets with MDEA which has the part to elimingigtable solutions. In
each iteration, a new reduced subset is created by eliminating unstable solutions
sets, thereby reducing computation complexity. The proposed scheme adjusts the
optimum proportional, integral, differential and derivate kick coefiisi€k,, Ki,

Kq and T). In this study, the effectiveness of the proposed MLPID controller
structure is demonstrated over different input voltages and voltage fluctuations.

Keyword: Index Term8 Inverter, Zsource, PID, Differential Evolution



Al i R é z ai BUrcu ERKVEEN

1. Girik

ZSI , hem y¢kseltici hem de d¢keréeceée ol ar al
do°n¢kKt ¢r ¢ c PENG,20085D¢.s édreangf ormatorl ¢ inverter
r¢eélen bir-okede?awvd mexijt ¢ZSI1 ZiSl model inin ve
PWM (Darbe Geniklik Mod¢l asyonu) kontrol ¢ ve

¥zellikle girik gerilimindeki veya besl enil e
tede gerilim sé-raml-aagvmiamnlearetnr wll uirl. e Klayp ag
mal aré ve yol a-téejé kayeplar -o0ok b¢yek orar
l emi, direk DC hat gerilim kontrolg¢ veya dol

meye -al ékan bi rSHENovl. 200a808; SMAKOTIa20bEe r  (
1887; LIU, 2013:994; ELLABBAN vd., 2012:4088

PI'D kontrol yapésé sadece ¢(- parametre hes
dol ayé olduk-a yaygén kull anélan bir yapéder
nnhesaplanmasé bir optimizasyon problemi ol ar
(KROHLING vd., 2001:78 , farksal g PANDR,i 2609: 618y r i t mas & (
par - acék s ¢CHOUR018:49gibi sengemed adgoritmalar bu optimizas-

yon i -1i nktkérl.l anél me

Bu -alékma, I|literatg¢rdeki kontrol ve optin
é - fazl e bir CER motorunun heéez kontrol ¢ 0 -1
¢tal ekxkmanén temel amacé, yeni bir kontrol yor
(MLPID) kull anarak y¢ksek performans el de et mektir
rine ulakmak i-in modifiye edilmik bir optinm
neti k algoritma tanétél méxteéer. MDEA, Ssistem
ortaya -ékbaobkamandehéka-énmak i-in kullanel

2 Empedans Kaynakl|l & Knverterin Modell enmes

Bu b°l ¢ mde, di nami k bir mo d e | ol uktur mak |
yapél mexkteéer . K¢-¢k sinyal anali zi, durum uza
kenlerininsabitduum dej erl eri etraféenda dojrusall akt e
del , opti mum kont rtohr°oru gtha svaer ékmeep a s-iitn° rs hvoooltt a
transfer fonksiyonunu el de etmek i-in kullan

bir 3 fazlkkeslnaddikjtii fve ¢AkC -é&kékénén bir DC vy
var say é (SHENK206/d8D4).
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"
S

]

kekKZBl devre exkdejeri

S1 ve S2 anahtarlarén durumuna g°re sister
r¢l mektedir (Tabl ol).

TablolAnaht ar Duruml aréna G°re ZSI ctcal ékma M

_ . . ¢tal ékn
¢al ekma N S1Pozisyonu | S2 Pozisyonu .
Or ane
SIFIR DURUMU Acl K Acl K Q
SHOOT-THRO- ,
KAPALI Acl K a
UGH
AKTKF DUR Acl K KAPALI p Q a

i - -al ékma modankhar é att ekkmatwayataeéndéj énda,

|l ama model i (1) "deki gi bi yazél abilir.
1T - ., K
ilQ 11 |I’|IQ _p Q
i0 [T — Tt —a U L8 (D)
Qo nQ —a
u™ T U
Bel irtilen @eicjal)n ovket aduarruem (dej i kkenl erin
yonu (HO hHBAQ , durum uzay modelinin -ékarteéel maseé
sinyal ve sg¢rekl i hal denkl emlerini kull anar

-al @ékma noktasénda el de etmek m¢gmkendeér .
Basit ye¢kseltici PWM kontr ol y°nt e mi ZS1l 6

y°ntemidithfbdpbghSdaoouml aréna sahip olan anat

daki Kekilde g°r¢ldegjeéeé gibi olduk-a basit ve
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; I V200 044 ¥ 100 Vi

- -

S L %l
San o

S, 1] |

. |/ |
L !
= i 7
5. \/ 1/

—l\

'Shoot—1v'hrough
kekRBbhsit ye¢kseltici PWM anahtarl ama d

|/ —

Uygul amada, empedans ajénda kull anélan en:i
dejer olarak se-ildijinden empedans ajé& si me

3.Geliktirilmik Farksal Evrim Al goritmase

Far ks al gterhda xé m( il fgfoer ent iDEA), gé&netila |l ut i on Al ¢
banl & gl obal parametre optimizasyonu i -in
r. Geneti k algoritmada, mut asyon, -aprazl a
arak el e al éna@gyorBui mledminl| ®i rogpz iumd En s ¢ r me
ntajé ortadan kaldéermak amacéyl a DEA algor
k sunul muktur. DEAOGda, il k ol arak rastgele
i s se-ilir ve t¢emraztamakyml et emeaui as pmh e
r. Durdurma kriterleri sajlanéncaya kadar
Kararséz -°z¢m k¢gmelerinin el enmesi i K1 em
syonda -°z¢m k¢mesi sayéexsreksei yaaznad tyaanp € si &kn a
hip olan MDEA yapésé elde edilmiktir.

—— =< 0o Q-
C< 0O — oW

0w =
L D
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.

T\‘.'FT

[
keBGel i ktirilmik farksal evrim al gorti me
Sonu- ol ar ak, sadece sistemin g¢venilirli

bir optimizasyon sajlanméxkter

4. Kontrol °r Tasar é me

G- donegktegreégcecel er, i stenen -ékeéek voltaje
geri beslemeye ihtiya- duyarlar. ¥nceki arack
uygulanan kapaleée -evrim kontrol Kemal arée sad
sarl @anmnméiGteri |l im kontroll ¢ bir mot or kontrol
niyle daha uyumlu bir yapéya ihtiya- varder
yapése, sistemin wuyarlanabilirlijine katkedze
i -in ber @&@rgmdegbul undurul muk ve her akama i
tasarl anméxt eéer . Gel eneksel PI'D kontrol °r ¢n,
i -in uyarlanabilir Dbir davranék kazanmasé mg
mine g°re amnakmabsay@glearekkontr ol snitesine af
yané séra farklé -ékéexk gerilimleri hedefl end
gerek kal maméxter . Byl ece y¢ksek gerili mden
g¢- kaybe azalteéel mékteéer

1,

]

Vi » Eleme ey D _____E ZS1 -1
Vo v 3 L
Vorets ;g) -{ PIDt(4) -1, !
keldEl eme késménén da eklendiji -ok kat me
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Bu -al eékmada, MLPI D tasarémé i-in t¢grev fi
Il °r tasaréme ama-|lanméxkteéer . Bu yapé ile kul/l
istenilenar al ekta sabit tutul up, tercih edilen exi

0 i O ULv- U 2

Bu denklemda) ,0 veU, séraséyla P(oransal), 1 (inte
zan-|l"dremét ¢rev °zellijinin sisteme getirdif]
tasarl anan bir filtrenin kesim frekanséné g°©

5. Sonu-1 ar

¥nerilen kontrol yventem?eatermakkbbBEdgjui gpe
formans Matl ab Simulink ile test edi |l mi ktir
alana g°re istenilen araleéeklarda verimli bir
cendijinde sistemin 350V gi rdiakh ag edr¢ikl¢éikmignee- k a
rilim dejerleri i -in anahtarlar ¢zerindeki (
dejerini dekerdel ¢ goréel mekt gr . B°yl ece DC b
rindeki gerilim stresleri azal tadurmexkt ér . Bu
|l arak, sistemin dojrulujunu g°stermek amacey
czere belirlenecek exkik gerilimi sayésé ve d

400 | \— =
350 -

Girls gerlimify)

=
E 0.2+ P A A A4 B AR A O b PN b s
E e
£ o.1 B
H
& o
1000
)
=
E s00
T
[G)
£ o
3z . . . .
e o 2 4 6 8 10
Zaman(ms) > 10%
kelbKapale -evrim kontrol sonu-1areée
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MULTI WALLED CARBON NANOT| P KATKI
POLKMERKK MEMBRANLA S PKERMETRKNKN T Ak | NI MI
Dr . Canan ONA¢
Pamukkale | niversitesi, Deni zl i, T¢r ki
¥zeSi:permetrin, b¢gyek °1l -ekli ticari tar
duju gi bi ki ki sel kull anem ama-1¢€e& t¢gketicl
rak kullanélan sentetik bir piretroiddir.
gi bi davranér. TopralkkkVva borzkiuer apzraki kad
pal é ateéel y¢zeylere uygulandéjénda haftal:
| ar éna, suya ve oksijene maruz kal maseé ay
Ul us al Pestisit Telekom¢gni kasyon Ajé'na (1
|l ekl ar, aeglkellearri vie- isru dl°cuk-a toksi ktir. Si
/ EU sayeéelé Avrupa Birliji Direktifinde ©°r
al makt adeéer . Bu ama-1 a, sipermetrinin suda
y°nteminin geliktiril mesin °“hraaeltigkpl i konul
ailesindenolan, mubva |l | ed kar bon nanot¢pler ( MWCNT)
uygul amal ar i-in ©°zel il gi konusu ol makt ac
tepler (MWCNT' 1l er) endégstrivyel uygul amal at
seénda ol duk-a di k kehiletkenlile ekanik dagad i r . EIl ekt r i k
nem ve ter mal il etkenl ik gibi MWCNT'"' |l erin
gul amal ar a di kkat -ekmektedir. Bu et kil
MWCNT'l er, -exitli yeni ve kullanéxkl e uygl
| exmada, - ok ndouwvar lid ek arobnoknsinyaonl akt ér él mé
membran (MWCNT [/ PI M) ile sipemetrinin, d
takénémée sajlanméxktér. MWCNT ile fonksiyo
sek ge-irgenlik ve se-icilik, mekani ksel
maktadeéer .
Anahtar Kelimleler: Sipermetrin multi-walled carbon nano-
tubepol i mer i -eri kI membr an, transport.

Transport of Cypermethrin by Multi Walled Carbon Nanotube
Additive Polymeric Membrane

Abstract: Cypermethrin is a synthetic pyrethroid that is used as
an insecticide in consumer products for personal use as well as in large
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scale commercial agricultural applications. It acts as a-agidg ne-
urotoxin in insects. It is easily degraded on soil plaohts but can be
effective for weeks if applied to closed, inert surfaces. Exposure to sun-
light, water and oxygen accelerates decomposition. According to the
National Pesticide Telecommunication Network (NPTN), cypermethrin
is highly toxic for fish, beeand water insects. Cypermethrin is included

in the list of priority substances in the European Union Directive
2013/39 / EU. For this purpose, removal of cypermethrin from water
and the development of the detection method is one of the priorities.
Multi-walled carbon nanotubes (MWCNT), which are of carbon nano-
tube family, are of special interest for industrial applications. Muedi-

led carbon nanotubes (MWCNTS) are very popular among carbon na-
notubes in industrial applications. The characteristics of MWESIEh

as electrical conductivity, mechanical strength and thermal conductivity
draw attention to industrial applications. With these impressive features,
MWCNTSs offer a variety of new and useful applications. In this study,
a multrwalled carbon nanotukienctionalized polymeric membrane
(MWCNT / PIM) is used to transport sipemethrin from the donor phase
to the receptor phase. The MWCNT functionalized membrane ensures
high permeability and selectivity, mechanical stability and strength.

Keywords: Cypermethin, multi-walled carbon nanotube, poly-
mer inclusion membrane, transport.

1. GKRKKk

Sipermetrin cilt temasé veya yutul masé yo
gzl erde tahrike neden ol abilir. Der mal mar u
karénckhhramma, yanma hissi, mesane kontrol ¢
ve olasée °l ¢m sayeélabilir (Brown vd. 2007).
suz y°nde et kil ey ebPlikdermal diclartiaavéritermiksan- 1 30 ug /
|l arda, yer evle kyarmmémac aliasmma yakanmaktadér (Cher
rin cilt veya g°z tahrik edicidir, ancak al el
maruz kal ma bul ant &, bak ajreéese, kas g¢-s¢zl
| er e nede nlarda sgpérmelrin, enzimdfiknhglmliz ile idrarda elimine edi-
l en birka- karboksilik asit metabolitesine
2003, Dong vd. 2012) . Ki myasala i K- mar uzi)
izl enebil meklakédmeé) i kae wa&aygaépldazmada siperm
yitiyle dojrulanabil mektedir (Earp ve Dessy
Kzl enmesine Dai F1 06 Y% medtemeVy efj i nal &k genel am;
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parametrel er.i kapsameénd aleridesbirliktel @8tpara2 nc e |l i k| i

metre) (°ncelikli maddeler | istesinde yer al
Politikal aré Al anénda ¥ncel i kl: Maddel er Dir
géncel °ncel ikl madde | istesinde yer al makt

Membrané k nol oj i s uygul amal arénda en °neml.

kani k kararl el éje ve membran y¢zeyinde kirle
l enmenin neden ol duju membran g°zenek teékann
sim ve Bourceanu a20 3 )o.seBu nkédxdteltdma esnasénd
kull anéména neden ol makta birlikte membran t
yeti ol duk-a arteérmaktader. Me mbr anl ar én bu
mek, membran performaesmak amaveéeriméei membnan
l endiril mesi |, modi fiye edil mesi ve ¢reti mi Z
mal zemesinin inorganik katké maddel eriyle gg¢

l aném bulan bir y°ntem ol muktur.

Yeni nesil karbon nano ma#melerden olan mulva | | ed kar bon nanot ¢
( MWCNT) ol ajan¢gsteg °2zelli kleri nedeni il e mi
maddesi ol arak kull anémé ve yeni uygul ama al
cunda, bu teknol ojiniin-iind ealiduwke-va ylegdywes kg efl @ rkd
ol asel ekl ar sunmaktadér (Giovannozzi vd. 201
nesil su arétéem teknolojileri i -in olduk-a ¢
y°ntemlerin kull anéména tietktnioyl a-j il uvelru mmank tsaed &
veri mli ol arak ayérma sajlayabil mel eri dijer
maktadéer (Guo vd. 2011) . Bu membran teknol o]j
jun bir araktéerma al anéna sRahM)p doilkakna tp o-le kme r
mektedir. Polimer i-erikl:@i membranl ar (Pl M)
daha karekteristik, y¢ksek se-icilik ve mekese
sebebiyle olduk-a dikkat -ekmekteaeadir (He vd.
nanomal zemel erin kull anéemé sayesinde, me mbr ¢
membran y¢zey kirlilijJin azalmasé ile enerji
temi zl eme ve rejenarasyon ikKlemlerinde sarf
etkilerilei k1 et i m mal i yeti azal mék ol acaktér.

2. MATERYAL METOT
2. 1. Kull anéel an Kimyasallar

Nanomal zemel erin hazérl anéké ve transport
-%zeltiler 18. 3 -Magf comu dkuleihahéeél aulatkr ahazér |
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ki myasallar aléndéklaré kekilde kull aneél méxt
r as éy l-vealedddnbdn hainotube (Sigrdal dr i ch, ABD), H2S04 ( %98
SigmaAldrich, ABD), K25208 (Merck, Almanya), P205 (Sigraddrich, ABD),

KMnO4 (Merck, Almanya), H202 (%30, Merck, Alimanya), HCI (%37, Sigfvhd:

rich, ABD), Etanol (SigmaAldrich, ABD), Potasyundikromat (Merck, Almanya),

Di kl or metan (Merck, Al manyiafo00), MNarbfeg-1 oz tri ase
nil Oktil Eter (Fluka), 2Nitrofenil Pentil Eter (Fluka), Bis (2til hekzil) Adipate

(Merck, Almanya), Tris (ztil hekzil) fosfat (Merck, Almanya)fris(2-b ¢ t o k s i etil)
fosfat (SigmaAldrich, ABD), 1,5difenilkarbazit (SigmaAldrich, ABD), Amonyum

asetat (Merck, Almanya), Asetik asit (Merck, Almanya), Hidroklorik asit (Merck,

Al manya), Nitrik asit (Merck, Al manya)oddan o

22.Deneysel S¢re-te Kullanélan Takéyéceée

PI M" I eri olukturan temel takéyeéecélar gen
amonyum tuzlaré gi bi amin bazlé bilexkikIlerdi
bir-ok PI'M araktéermacésanéhanfgundber het eambnp
bilexkijidir. Aliquat 336 alkil zincir uzunlu
ekstrakte edici reaktif ve faz transfer kat a
nertuzudur¢ al ékmamézda t akéyecea éolodraamk AR dtquani KB 36
|l anél arak polimer i-erikli membran (PI M) tek
port deneylerine baklanméxktér. KIk °nce poli
timum «kartl ar (opti mum membr ani -keormpkolzii sy onu
membran (PI M) deneyleri yapél méxter.

HsC

/_/_/_F CHy CH,
HiC

HC

kekiPlIl M .- al eékxmal arénda takéeyéecé ol ar ak
Al iqguat 336'nén a-¢ék vyap :

M
(72}
)
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2. 3. Kull anéel an Deneysel D¢zenek

Ger-eklektirilen multi walled karbon nano
neylerindekdl anél an deney d¢zeneji, teflondan ©°zel
bir d¢zenektir. Her b°l ¢ém 45 mL'l ik bir kapa
araséna yerlextirilmiktir. Sézénteéeyé °nl emek
yerl ekektieriepmeeker. Akajéda yer alan kekil
g°r ¢l mektedir. Deney d¢zenejine bajlanan sir
port deneyleri sabit secaklekta ger-eklextir

kek MWCNT/ PI M transpor &l denedgheryi digziemekwul |

3. BULGULAR VE TARTI k MA

3. 1. MWCNT Katkel é& Polimer K-erikI:i Me mb r «
Karbon nanotg¢pl ¢ polimer i -eri kI me mbr an
membr anén hazérl anmasé i-in, membranda pol i m

CTA 0,200 g tartelep ¢zerine 15 mL di kIl or met
%1 oranéndal eMiWQNT3 eskaat boyunca manyeti k kar
Daha sonra bu -°9zel ti karbon nanotg¢gpeéen polin
1 saat boyunca ultrasoni k banyoda homoj eni ze
mL di kIl or met aln2-NPzOEr iinea v, 4e0dinhi p bunl ar én ¢ ze

Kartlarda kull anél acak ol an Aliquat 336 takeée
céda karéekteéerél méekteéer. Belirtilen s¢grenin so
saat boyunca madnrey etairké kkt aérrénkat @rkd ceémi ne devam e

-

esinin sonunda hazérl anan karékém d¢z bir z

163



Canan ONAC¢

kabéna dikkatlice d°k¢lerek 1 gece bekletildi
tér. Ol ukan me mbr sunlavgedierekilisaat beklejipunembdan st i | e
petri kabéndan bir pens yardéemé ile ayreleéep
membran ( MWCNT/ PI M) transport deneylerinde Kk
sine yerlextirilmicktir.

3.2. Multi Walled Carbon Nanotub e Kat kel & Poli mer K-erikl
Transport Deneyleri

Sipermetrinin takénmasé i-in MWCNT/ pol in
rinde kull anél mak amacéyla hazeérl anan membr a

deney d¢zene

araseéna

bir con

e

Jjine (ikir.h¢igbMembraamdrenkhdy maesé re&
amaceéeyla dif¢gzyon he¢gcresinin

h

resinin sol aznesine (don°r faz) 0,1 M HCI'
sipermetrin -°zeltisi Jkohnauzlnuers.i nlei f(¢azkysoenp thP¢rc)r
5'"e ayarl anmék asetik asit/amonyum asetat t a
manyeti k baleéeklar yerlexktirilerek difg¢gzyon h
rexkteéereéeler. kekil 2'derde tgeorrmolsd¢ajt¢ €givbei stirrak
SuUu pompasé yardémeyla sabit sécakl ékta ger -
renda her i ki fazdan numunel er alénarak (1":¢
t¢eplerde sakl aneéer .

3.3. Sentetik ¢°zTeahspartWlen Si per metrinin

CYP'"in MWCNT/PIM yoluyla takénéméné ar akt é
M HCI'de sentetik olarak hazérlanan 10 ppm C
fazda i se pH5 asetik asit/ amonykmrasket at tam
térma hézénda transport deneyleri ger-ekl ekt
edilen don°r ve akseptor fazdaki CYP miktar!|l
termektedir. Ger-eklektirlen transport deney
artteje transport sé¢resinin sonunda don°r f
azal déeje g°r¢l mektedir. Don°r fazdan uzakl ack
-en % CYP miktaré ise % 67.23 olarak tayin e
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Tablo 1.Sentetikolarakaz €ér | anan CYP&6in MWCNT/PI M yol

dan aksept©°r faza transport edilen miktarlar

Don°r f

Don°r f Aksept ©] Aksept?©
. . uzakl ak

CYP mi kit CYP mik % ge- enYPY

0
i kit
(ppm) (ppm) cYp mik ™ al

Bakl an¢0N 0.25 - -

1 g¢n 15738 0. 20 3.08N 0. 0521.35 15.40
2 ge¢n 12878 0. 20 716N 0. 0 835.65 35.80
4 g¢n 7648 0. 15 1048N 0. 0 61.80 52.40
5 g¢n 552N 0. 10 1345N 0. 1 724 67.23

3. 4. MWCNT/ Rbridiojidi¢ z ey

Yé¢ézey karakterizasyon -al éekmal arénda membi
diji AFM en -ok kullanélan ve net sonu-1I|areén
opti mum kartlarda hazéerl anan karbon nanot¢pl
fotojraflaré AFM kullanélarak -ekilmiktir (Kk

S
~8BEEES
Tsusd

keki ICTB*2NBPE+Al i quat 336 me mb)CEARE n &

n AFM g?©
NPOE+ Al i quat 336+MWCNT membr anéeneén

AFM

MWCNT/ PI' M yapésénén aydéenl atéel masée amacé i
yon y°ntemi ol an Taramalée Elektron Mikroskot
vV e (b) 6de opti mum Kartl arda hazérl anan m e
NPOE+Aliquat 336) ve MWCNT/PIM (CTA+AIPOE+Aliquat 336+MWCNT) ait
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10 Om boyutlarénda -ekilen SEM fotojraflaré
maksézén -ekilen y¢zey fotojraflarénda membr
y¢zeye sahip ol duju net bir kekilde goor ¢l mek

@ S SLTae e e [0 | @& @ cous sUEEy owe e T 4ge
keki(dCTAt2NPOE+ Al i quat 336 memkh@mA&€néen SEM g°r
NPOE+Al iqguat 336+CNT membranénén SEM g°©°

4. SONUC¢ VE ¥NERKLER

Teknolojik gelikmelerin olukturduju -evre
ve n¢gfus artéké nedadadami yleemi z¢ Ivkee ntiozf dael vseu dkeany
korunmasé ©°nemld. bir sorun olarak ortaya -¢€
ayérma ve saflaktérma iklemlerinde y¢ksek se
Ssu arétem sistemlerindesdahal arzalkiay aysal Kkap
yerinde temizlik °zellijJi ve mod¢l er esnek t
ran teknol ojisi su arétéme i-in uygun ve ek
membran teknol ojisinin etvkea nllziglilniek | ep eerkfoon omai
l'iJine etki eden ©°nemli parametreler varder.
en °nemli probl emler membranén mekani k kar al
| enme, Il i mit akeéeck, I i mit se-imlikik ve kir/l
tékanmasédér. Bu késétlamal ar prosesin iklet
neden ol makta birlikte membran temizlifji vV ey
arteéermaktadeér . Me mbr anl arén bu dezavantajl é
pebor manséné ve verimlilijJini arteéermak amacé i
di fiye edil mesi ve ¢reti mi zorunlu hale gel
i norgani k katké maddel eriyle g¢-lendiril mesi
y°ntem ol Mh@embmuanl ar én nanomal zemel er il e mod
maddel erinin nano °| -ekte se-il mesi il e memb
dermexktér. Bu nanomal zemel erden MWCNT®O6I erin
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il e membranl acékmakamiekh , kgr&slek ge-irgenliKk
masé yanénda biyokirlenmeye karkée da etkin
(TIO2) nanopar-acéklarén ilavesi il e membran vy
kataliz etmesi velmeimbr aakandereetakbkfy}zey
edil mesine y°nelik -alékmalar yojunluk kazan
Bu -al ékmada -wkaulllleadn éd NaTn ,memubl rtain| ar én mekan
| aréenén ve diren-lerinin artmasé ile yeni n
mizdes, ret il ebilir hale gel mesine y°nelik bir a
ol ke °ncelikleri arasénda belirtil en, nonan
mal zemel erin daha kontroll ¢ sentezlenmesine
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BRRBINEK ARAC¢ FARKR¥VIDESAL FREKANS
TARAMASI NDA FOURI ER D¥N! k! M
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¥zeBu -al é@ékmada, m¢kteri «kKartnamelerine g°r.
d¢zenejine bajlanmék bir binek ara- far g°vde:
sénda fourier d°n¢kegmeg kull anél arak dof al fre
|l anmékteéer. Test 2 3gliAllrivme, @5 oktav/dlethisnan y°n¢nde
heze3@@ Hz frekans araléejénda yapéel méktér. Fou
karkél akt é@érma yapabilmek i-in far g°vdesi sczer
°l -er bajlanméxtér. K1 k di¢vzneen | %ely-iecrid etna raalféénna-n
dan anl ék ol arak iklenmi«ktir. Kkinci i vme ©°1] - €
Sirius HD 16xSTGS cihazé ile zamana bajleée ol ar
kayét edilmiktir. Daha sonra bu kayét edil en &
kulllama&k fourier d°ng¢kegmleri yapéel mékt ér . Bu d
l eme tiopi, -9 zeéenerl ¢k, AN i.ste bindir me, ort i
parametrelerinin etkiler:i incelenmiktir. Bu in
i ki verileri aka%Enghm@t®Oig78 Ayrm&ca i ki t est c
ol arak t¢m tepe noktalarénda ve tepeler arasén
gor ¢l megkt gr .

Anahtar Kelimeler: Four i er D°ng¢ K¢ mg, Doj al Frekans, T

Determination of Fourier Transform Parameters at
Natural Frequency Scan of an Automotive Lighting Housing

Abstract: In this study, it is aimed to determine the natural frequencies
of an automotive lighting housing connected to a shocking test system
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according to customer specifications by using fouriersfiaam in time depen-
dent acceleration data. The test was carried o
the zaxis direction, scanning speed of 0.5 octave/min aB8QLHz range of
frequency. Two accelerometers are connected to the housing for the compari-
sonwith the fourier transform. The data received from the first acceleration
meter is processed in real time by the signal regulator. Also the data received
from the second acceleration meter was recorded with DEWESsoft Sirius HD
16xSTGS at a sampling rate 8024 Hz. Then fourier transformations were
performed using the DEWEsoft X3 program. During this transformation, the
effects of fourier transform parameters such as windowing type, resolution,
overlapping , averaging type were investigated. As a resulti@fstudy, the
highest acceleration was measured as 9.78% between the two data. In addition,
it was observed that the two tests generally provided closeness between all pe-
aks and slopes between peaks.

Keywords: Fourier Transform, Natural Frequency, Viboati

1.Girick

Yapél ar ve mekani k par-alar doj al hayatta
kal makt adér . Yor ul ma, par-a hasarl arénda en
restgele titrekimin ve °m¢gr tahmininin ©°nemi
frekans tabanl é& yorul ma analizi yakl akémé gel
mize edil mik yorulma tasarémé ger-eklextiril
l an tekniklerin gelikmesinden °tg¢rg¢ ar a- I €
creakaemal arénén araséndaki s¢re kéesal mekt eéer
hatalar -ok az maliyetler ile d¢gzeltilebil me
hat alaren d¢zeltil mesi ©°nceki s¢re-lere g°re
rinmarka@ ol an g¢venini sarsmaktadér. Bu hatalar
akamal arénda analizin °nemi daha da artmakt e
bil mek i-in ise, test d¢gzenekl eri hazeéerl anép
| edeéer

Bukonuie i | gi | i l'iterate¢r incelendijinde Bra
alinden periyodik elemanlarén tespit edil me
iltreleme y°ntemlerini anl atméexteéer . Yao ve
ni k anakl 2l éopunder hd®°ng¢ K¢ mg, ayrek fourier
urier dP°n¢gkemeg yontemlerini incelemi ktir
nda d°ner dejirmen sisteminine gelen y¢kle
nNe¢gkKe¢emeg ve feouwrlinetremdenrgmgmKkul |l anmék ve son
Kl ardér. ¥zuygur ve G¢gnd¢gz (2014) deprem e
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ve d°nmesinin fourier do°n¢kegmeg yardéeméyl a he
°nermi kl erdir. Uyalekeriak kgdaki mreddé 204 3) k ale

l emlerinin anali zi i -in fourier dPn¢kegmeg yon

Bu -al eékmada, me¢Kteri Kartnamel erine g°re
jine bajlanmék binek ar a-daftars égn°dvad e soiurriire rz admfi
K¢meg kull anéel arak doj al frekansl arénén ve iV
méekKkt ér .

2. Materyal ve Metot

Fourier d°n¢gkegme sinyal i Kl eme tekni klerir
dojadaki te¢m periyodi k fonksiyonlarén sonsuz
|l aré cinsinden yazeéelabildijini belirtmicktir

MO O B oA 6— B O OE D)

Frekans analizi, ayné dataya farkleée bir vy

nénda datay
crel t ¢ tit
nan verinin

ekKim kaynaj] énémndahl ankmnlday ttogd mi-
frekans alanéna d°n¢keéemeg fourier

€ incelemek yerine frekans al anén
r

«

kekil 2. ¥rnek sfimglhadang za&ramld&@mémrzamam® ster
tanding Dynamic Signal Analysis 2002)

)
]
2
=1
E \
<<

Frequency

Amplitude

Amplitude

Bu d°n¢gkem esnasénda rpdeer i syéozdé nkt €o | pnraoybal ne nsi i

maktadeéer . Ejer sinyalin tek bir par-asé, Sir
bu durumda sinyal periyodik demektir. Periyodik olmayan sinyallerdeki zaman ala-

nendaki sézénté frekans al aeéede,bgsgzlnyaynelin
et ki sini azaltmak i-in kullanél ér fakat per
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sadece sinyali m¢gmk¢gn ol duju kadar periyodik
Pencereleme fonksiyonu nor mal fooksigoh-ej & 0 il a
dur . Sinyal pencereleme fonksiyonu ile -arpeée
(Sevgi ve Ul ueéexkeék, 2006) . Bu -aléekmada kull
denkl emleri akajéda verilmicktir.

Rectangularo ¢Yo  p (2)

Hanning i» ¢¥o - -AT 6 3)

Hamming o ¢ m 1 m @fi-6— (4)

Flattop i ¢Y0 ™ ypmnoate nydk &~ moyndive- (5)
Test 23 ACO6 z eksen y°n¢gnde 2g -61ik bir i

300 Hz frekapsgl ameateyénd8angk ara- far g°vdes
ger-ek ara- ¢zeri konumunda montajé yapél méecx
°l -er bajl anméxktér.

far g°vdesi test

Kvme °I| -erl er ddermr emieffii n®ards §®d it é ste DEWESsoO
16xSTGS veri toplama sistemine bajlanméxkter.
d¢zenleyici taraféendan anl ék ol arak ikl enmi«k
DEWEsoft Sirius HD 1éx8T@%akl a02dmélza’°hbajekl e
kayet edil miktir. Kaydedilen bu veriler four
dan frekans alanéendaki veri haline getiril mi
Jiktirilerek -ievindee gerdaiféigjni dgaer«ksaandsametd e ki fr ek a
grafiiji il e karkeéelakteéerél mexktér .
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kekil 4. DEWEsoft Sirius HD 16xSTGS

kekil 5. Sarsécé test d¢zenejinin kKem

Dynamic Signal Analyser

High Speed Data Cable

; p == Force Sensor
3%( E %
< =
Test Obj &
e ject <o
3Eledmdynamic Shaker

Read out (Computer)

Bu -al ekmada Rect angu Hop pencereleme fonski-g , Hammi n
yonl area¢inlgell Hke ®.I3mcak kekilde pencerel eme fc
% 90 ol arak ¢ste¢este bindirilerek hesapl amal a
kel aktérel mékteér. Yukarédaki ©°zellikler baz
hesapl amxtyap&lemt abl ol ar ol ukturul muktur . Ta
me s i i-in her pencereleme fonksiyonu dejiKti
kKekilde d°rderli ol arak gruplandeéer él mexktér
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Tablo 1. Hesaplama tablosu ve i
Hesap No Pencerelene Tipi i st¢gste B ¢oz¢éingr
Rect. Hann. Ham. Flat. %0 %50 %90 0,5Hz 1Hz
1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X
10 X X X
11 X X X
12 X X X
13 X X X
14 X X X
15 X X X
16 X X X
17 X X X
18 X X X
19 X X X
20 X X X
21 X X X
22 X X X
23 X X X
24 X X X
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3.Bul gul ar ve Tart ékma

keki MHesalp.l ama ve sarsécé ile karkél ack
‘
Rectengular 0.5Hz
2 Hanning %0 0.5 Hz
3 Hamming %0 0.5Hz

Flat-top %0 0.5Hz

ivme (g)

Frekans (Hz)

o] HESAP e HESAP w3 HESAP g HESAP ====sarsici

i st¢ste bindirme yapél madan, 0.5 Hz -°9z¢n,
releme fonksionuna rajmen gideril ememicxtir

keki 8.7 Hess.apl ama ve sarséceée ile karkel
15 Rectengular 1Hz
14 Hanning %0 1Hz
® Hamming %0 1Hz

Flat-top %0 1Hz

L.
Frekans (Hz)
w5 HESAP w6 HESAP ~ ====7 HESAP w8 HESAP ====sarsici
I st¢steymipedimamde n 1 Hz -°z¢é¢négrl ¢kte seéeze
frekansl arda ortaya -ékmék ,data bozul muktur
nu- el de edil miktir
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keki l128. Hesapl ama ve sarsécé ile karke
9 Rectengular %50 0.5 Hz
10 Hanning %50 0.5 Hz
11 Hamming %50 0.5 Hz
12 Flat-top %50 0.5 Hz

lvme (g)

Frekans (Hz)

=0 HESAP ===10.HESAP ===11HESAP ===12.HESAP ===sarsici

%50 ¢ste¢este birnodoilrenmei idli¢ez eslédzignit égopr ¢ 1 me Kt ¢
-%zeéenegrl ¢k i 1le birlikte genel y°nelim benzel
farkle ol duju go°r¢él megkter

kekil-1®8. H&8saplama ve sarsécé ile karkEe
13 Rectengular %50 1Hz
14 Hanning %50 1Hz
15 Hamming %50 1Hz
16 Flat-top %50 1Hz

lvme (g)

Frekans (Hz)

~——13.HESAP ==—=14.HESAP ~———15HESAP =——16.HESAP =——sarsic|

1 Hz -°z¢ner |l ¢kt emepaamibred i@ Flgpp penceré-e b i ndi r

l eme tipi sarsécé ile en yaken y°nelim el de
uyumlu ol duju g°r¢gmegktegr. Analizlerde °nem v
ol dujundan y°nelim il e bijrelrilletre &mrkg£K sakk étre
tader
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kekil -21000. Hle/w.apl ama ve sarséce ile kar K¢
K 17 Rectengular %90 0.5 Hz
x: 18 Hanning %90 0.5 Hz
24 19 Hamming %90 0.5Hz
' 20 Flat-top %90 0.5 Hz
i

lvme (g)

70 80 %0 100 110 120 130 140 150 160 170 180 1% 200 210 220 230 240 250 260 270 280 290 300

Frekans (Hz)

0.5 Hz -°9z¢é¢neéegrl ¢k ve %90 ¢(stegste bindir me
giderilmiktir fakat hi-bir hesaplama da y°ne

leibakéméndan uyukmazl ék g°°r ¢l megkt or

kekil -2141. Hxls.apl ama ve sarséceée ile kar K¢

21

-
“ Rectengular %90 1Hz
% 22 Hanning %90 1Hz
13 23 Hamming %90 1Hz
12 24 Flat-top %90 1Hz

€ o
Frekans (Hz)
w21 HESAP  =m=22 HESAP  ====23.HESAP =24 HESAP ====sarsici
1 Hz -°z¢nerl ¢ktoe, %9 0 ¢ s top Brikayo-bi ndi r me p
nunda y°nelim bakéméndan yakén sams€ic&r el de
sonu-1laré ile birbirine yakeénder
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4. Sonu-

¢al ékma sonucunda, 1 Hz -°z¢neéerl ¢kte ve %
metresiileFlat op pencerel eme fonksiyonu sonucunda ¢
el de dil mi ktir. 1024 zHzn ¢°rrlnéekkt|l ee n¥e 5h0é zvéen d¥%a ,9 01
bindirme parametresi sonu-laréna bakeéel dejénd
|l ara et ki et memi Kk sadece sézénté probl emini

u-l aré araseénda en y¢ kesnedka tfeaprek n% kOt,a7l 8a roél akra
-l megkt ¢r. Dijer tepe noktalarenda fark daha
vme ce al eénan tepe oldujundan sadece en

< ¢
o)
(@n
D

rel méktér. 1024 Hz °rnekl ememuhéanaencd de. 2diHz e
memi K ve sézéenté probleminin giderilebil mesi
dirme parametresinin dejixktif(i g°zl eml enmi kKt
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¥zeDi:jital g°®z yorgunluju olarak da bilinen
romu, bilgisayarlarén ve dijer elektronik ekr.
nan g°z ve g°r me exriaondlde ml. e Bii dign skaiyrardiarrl ve mob
Il ar , fiyatlarénén uygun ol maseé, cretkenl ifji a
yaygén bi-imde ol masé sebebiyle insanlar taraf
Buna bajlé olarak, ok¢l er olaaingg®sa- déké sempt oml
yésé artméecxter Bu -alékmada g°z kérpma tabanl
rinden Python programlama dilinde OpenCV g°r¢rn
l anél arak uygul anméexkt ér . Sistem,g°r¢nt¢gde bulu
i -in, lOpteagiWanesi ndeki ©°nceden ejitilmik Haar
Senéfl andérécéséodonén ©°zellikleri kull anél makt :
eki k dejerden d¢k¢gk ol dujunda sistem kull aneéc:¢
Kanl ar én ekranénayasamdé kh e lgi°rzt krergpzamnas sy éda g° z
kaynakl anan sorunlarén °nl enmesi ama-|anméxktér
parl akl ék dejerlerinde d¢ke¢gk bir hata oraneéeyl a
Anaht ar SBizlcgikda@yar G°rme Sendromu, Adaboos

nefl andérécéesé, OpenCV

Reducing Symptoms of Eyestrain with a Warning System Based on
the Number of Blinks

Abstract: Computer vision syndrome, also known as digital eye fati-
gue, is a combination of eye and vision problems caused by the use of compu-
ters and other electronic screens. Computers and mobile devices are used by
most people as their prices are appropriaterease productivity and be
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incorporated into social life. Accordingly, the number of people suffering from
ocular and extraocular symptoms increased. In this study theb@sagd war-

ning system was implemented in a Python programming language using an
OpeCV image processing library on a Raspberry Pi. The system uses the func-
tions in the OpenCYV library for the Adaboost Classifier, which is anaieed

Haar feature for detecting faces and eyes on the system image. The system
warns the user when the numlbéblinking is less than the specified threshold
value. In this study, it was aimed to prevent the problems caused by the small
number of blinking eye by warning about the number of blinking eye for the
employees in front of the screen. The system woiits avlow error rate at the
appropriate resolution and brightness values.

Keywords: Computer Vision Syndrome, Adaboost, Haar Classifier,
OpenCV

1.INTRODUCTION

Eyestrain, tired eyes, irritation, burning sensation, eye redness, dry eyes, blur-
red anddouble vision occurs due to screen usage, this called as Computer Vision
Syndrome (CVS) (Blehm et al., 2005). The decrease in the number of blinking due
to computer use is supported by many studies and is also called Digital Eye Strain
(DES) Divjak and Bschof, 2009. Computer vision syndrome, also known as digital
eye fatigue, is a combination of eye and vision problems caused by the use of com-
puters and other electronic screeR®genfieldet al., 2015).Today, computers are
used in every aspect of lif€omputers and mobile devices are used by most people
as their prices are appropriate, increase productivity and be incorporated into social
life. Accordingly, the number of people suffering from ocular and extraocular symp-
toms increased (Blehm et al., 2005

The working conditions and the methods used to determine CVS vary widely,
it is difficult to predict the state of the symptoms associated with electronic screens.
In a study conducted by computer users in New York City, 40% of the computer
users complaied of tired eyes at least half of the computer usage period, 32% dry
eye and 31% eye discomfort at the same frequency. In addition, in the study conduc-
ted with 200 children aged 17 years by the American Optometric Association,
80% of the participantseported that they had burning, itching, fatigue and turbidity
after computer useéspieppard and Wolffsohn, 2018

When looking at digital screens, it is thought that the cause of dry eye may be
caused by a change in the number of blinking. Studies haeeted a decrease in
the number of blinking during computer use. Tsubota and Nakamori (1993)
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compared the blink rates when 104 office workers were comfortable, reading a book,
or viewing text on an electronic screen. While the average blink rate is cabiéort

22 [ minute, but 10 / minute when reading the book and 7 / min when viewing the
electronic screerRosenfieldet al., 2015).

In order to prevent CVS, a warning is given when the number of blinking co-
unts is counted below the determined value. Thigyded system is externally con-
nected to the computer and the counting will start when the person starts to use the
computer.

Divjak and Bischof (2009) took the user's eye movements and blinking thro-
ugh standard web camera application. In addition to eygit speed, eye clipping
frequency and duration are the primary indicators of eye fatigue. When the specified
parameters reach critical levels, the system warns the user and offers him relaxation
instructions and interactive eyeuscle exercise.

Polatsek(2013) proposed two different methods for eye and eye closure de-
tection. Backprojection using saturation or fsaguration histogram was used in the
first method to detect blinking. The second method is based on the-Kanade
(KLT) feature tracker thanonitors eyelid movements. Here the user looks directly
at the computer screen.

Malik and Smolka (2014) proposed a new approach for blink detection in vi-
deo sequences. In the proposed method, it uses the local binary patterns (LBP) tech-
nique to capture theharacteristics of the current state of the eye and create an iden-
tifier. In the first step, a histogram of LBP that identifies the open eye is created and
then acts as a template compared to the histogram of the next frames LBP. When the
eye opens andases, it is perceived as the sharp peaks of the difference between the
template and the histogram of the current frame. As a result of the comparisons, the
results indicate that the technical effectiveness of the analysis is superior to the cur-
rent blink cetection methods.

Tamba et al. (2014) was suggested the-cmmtact Blink Detection System
using Doppler sensor. The threshold value is adjusted for each person and the classi-
fication of the system that is not cropped or cropped is made, the proposed syste
can detect and count the blink.

The blinkbased warning system was implemented in a Python programming
language using an OpenCV image processing library on a Raspberry Pi. The system
uses the functions in the OpenCYV library for the Adaboost Classifiéchvis a pre
trained Haar feature for detecting faces and eyes on the system image. According to

the presence or absence of eyes on the detected face, the crop status is determined.

The system warns the user when the number of blinking is less tharetliiesp
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threshold value. The system mainly consists of face detection, eye detection, blink
detection and warning system.

2. MATERIALS and METHOD

The blinkbased warning system was implemented in a Python programming
language using an OpenCV image protesbbrary on a Raspberry Pi. The system
uses the ready functions in the OpenCYV library for the Adaboost Classifier, which is
a pretrained Haar feature for detecting faces and eyes on the system image. Accor-
ding to the presence or absence of eyes oddtexted face, the crop status is deter-
mined. The system warns the user when the number of blinking is less than the spe-
cified threshold value. The system mainly consists of face detection, eye detection,
blink detection and warning system.

2.1 Image Proessing

An image can be describe as a#hmensional function f(x,y) where x and y
are spatial coordinates, and the amplitude of f at any pair of coordinates (X, y) is
called the intensity or gray level of the image at that point (Gonzalez, and Woods,
2002. Image processing is to make changes to the image according to the purpose
of the user. Some of the components are highlighted and some are ignored, so im-
portant attributes for the user can be found with image processing.

2.2. OpenCV

OpenCV (OpenSource Computer Vision Library) is developed by INTEL
using C and C ++ languages to extract and process meaningful information within a
picture or video (Freund et al., 1999). OpenCV is an auxiliary library used for image
processing with open source cormgautision and machine learning. Also OpenCV
is designed to improve computing efficiency and for-teaé applications. Many
applications such as motion detection, face detection and recognition, camera calib-
ration can be done by using computer vision andge processing algorithms in
OpenCV. The CV component named by using the initials of the OpenCV Computer
Vision is one of the five basic libraries that incorporate the basic image processing
functions and high level algorithms for computer vision.

2.3.Haar Cascade (AdaBoost) Classifier

The Haarcascade classifier of OpenCV is used to find the face and eye areas
of the individual. Object detection using Haar propérged cascade classifiers was
used as an effective object detection method in 2001 Wy/Rda and Michael Jones
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(Viola andJones, 2001 The Haar Cascade classifier is based on the simple rectan-
gular properties called the Haar properties. In the training of the classifier, it is ensu-
red that the positive and negative images are combinedibyg AdaBoost machine
learning method. The AdaBoost algorithm requires a class to be trained to perform
object detection, so the object needs a positive image and negative images without
an object. The properties of the objects in the images are macdetidiHaar pro-
perties seen in Figure 1 are used.

Figure 1. Haar Features (Wilson atternandez, 2006
1. Edge features

DEOQ

(a) (h) (c) (d)

2. Line features i
(@) (b) fc}l (dy (e) IT:! {g: {h:

3. Center-surround features

.
(a) f;

Each property is based on a single value obtained by subtracting the sum of
the pixels below the white rectangle from the sum of the pixels belollabk rec-
tangle. The Adaboost classifier is used to create a powerful classifier by combining
weak classifiers correctlggonzalez and Woods, 2002t is preferred for real time
image processing applications because it works at high speed.

2.4. RaspberryPi 3 Model B

Raspberry Pi is a real computer in credit card size. Raspberry Pi is used by
everyone due to its capacity, small size and reasonable price to do most things a
computer can do. The image processing part of the system has been processed by this
mini computer.
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Figure 2. Raspberry Pi 3 Model B

3. DETERMINING THE NUMBER OF BLINK

Python programming language, OpenCV library and Visual Studio 2015
software development environment were used in this study. The overall flow of the
system is ashown in Figure 3.

Figure 3. Flow of the system

Number Of Eye
Blink = 0

Taking the Image from
the Camera

Converting An Image
To Gray Scale

Face Detection with
Haar Classifier

Detection of Eyes on

Face with Haar
Classifier

.

vES|

Increasing the
number of Blink 1

v
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In this study, the number of blinking images of the persons taken from the
computer and the warning was given to the user. For this purpose, firstly image is
taken and firstly converted to gragale. The face is fixed with the help of the Haar-
cascade classifier. Detection of the eyes on the face is performed by detecting a face
on the image. At the moment the two eyes are open and closed at the same time,
blinking is detected and the number tihking is increased or the eyes are detected
on the face, and the system continues and continues to return to detect the eyes.

3.1 Converting an Image into a Gray Scale

In the digitization process, it is necessary to determine the image dimensions
and tte brightness value that each pixel can have. The brightness value of each pixel
of the digital image is called gray levels. The gray level range in the image is deter-
mined by the number of bits in which the brightness value at each pixel is coded.

3.2 Detction of faces in the image

Haarcascade, an OpenCV object sensing classifier, uses a technique called Vi-
ola and Jones integral image to determine the presence or absence of hundreds of
properties of each image position and on several efficient scalemt&geal image
can be defined as a twabmensional lookup table in the form of a matrix with the
size of the original image. Each element of the integral image contains the sum of all
the elements in the upper left of the original image. This allowsutmecs$ the rec-
tangular areas in the image to be calculated in any position or scale using only four
searches.

Figure 4. Integral image number

2.
A B
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As seen in Figure 4, the integral image applied to the image contains the sum
of all pixels (x, y). The sum dhe rectangular pixels is D = (x4, y4{x2, y2)- (x3,
y3)+(x1,yl).D=(A+B+C+D)(A+B)-(A+C)+A. Inother words, the sum
of the rectangular pixels is found as the D region. When the image is received from
the camera, it determines thece of the xml file named "../haarcascades/haarcas-
cade_frontalface_default.xml" in the Haarcascade class in OpenCV.

Figure 5. Detected Face

3.3 Detection of the Eyes from the Face Detected in the Image

Firstly face on the image is found, we need tedethe eyes. For eyes of the
Haarcascade class in OpenCV, the xml file "../haarcascades/haarcas-
cade_eye tree_eyeglasses" is used and the eyes on the face are marked.

Figure 6. Detecting eyes on the face
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3.4 Blink Detection and Counting

The factthat the eyes disappear on the image at the same time is defined as
blinking. The blink condition is monitored and the user's blinking numbers per mi-
nute are determined with this method.

Figure 7.a) Eyes open

]
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Thewarning given in the system below the threshold value is given in Figure

Figure 8. Warning for Blinking
- - (] >
Goz Kirpma Gosterimi
Gdz Kirpma Grafigi
20 Géz_Kirpma
15
Goz Kirpma @ 12 10
6
Kullaric: Bilgiler
Adh ve Soyads
iz Kepms Kerirl 0
o] 1 2 3 4 5
Bilgi Girigh

1511

% D) 53012010 BB

4. CONCLUSION

In this study the faces on the image were detected and then the eye conditions
on the face were checked and the blinking conditias determined. Face and eye
detection was made by using OpenCV Haar Classification. Face detection was done
with OpenCV Haarcascade Classifier. The areas on which the eyes were detected.
The condition of the eye regions was controlled to detect blinkihg.niimber of
detected blinks is determined in minutes. A comparison is made between the minute
blink threshold set and the blink status of the user. A warning is given to the user
when the blink value is lower than the threshold value. The resolutiorrighthless
values of the images adversely affected the application.
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DNA HASARI VE GENOTOKSKSKTE TESTLERK

Hi l al ¢AVUK

K¢tahya Dumlupénar | niversitesi
Dr. ¥J]r. lyesi M¢ge GKDKKk
K¢tahya Dumlupénar | niversitesi
¥zeknsan pop¢l asyonun artmaséyla -evremizde
yesez fiziksel ve kimyasamekhfanVvVar ebDNAOmgaal act
maméza yol a-maktadeéer Bu y¢zden geneti k toksi
ren zararl é& etkilerini °nceden tahmin et mek he
nizmalar i -in °nemlidir. DNA heaseaér |l arée, zincir
kromozom dejikiklikIlerini i -ermektedir. DNA h:
notoksi k ajanlareéen, DNA6da dejikiklije neden
sinde, kansere ve yaklanmaya neden ol an potans
ve g¢veni leismpliitk Inerei nbiinr etr biyolojik °stergedi
amac e, Mi krong¢gkl eus Testi (MN), Tek H¢ccecre Jel
Ames Testi, Kardek Kromatid Dejikimi (SCE), Kr
(CA), Somatik Mutasyon ve Rekombinasyon Testi (SMART)jgiby ay gén bir
Kekilde kullanél an genetik toksisite testler:i
yaygeénl akt érél masé i-in dikkat -ekmektir
Anahtar kelimeler: DNA,DNA hasaré, genetik toksisite te

DNA Damage and Genotoxicity Tests

Abstract: With the increase in the human population, the physical and
chemical agents that have been exposed to in our environment are harm our
DNA and lead to early aging. Therefore, predicting the harmful effects of these
chemicals with genetic toxicityests is important for us as well as for other
organisms. DNA damage, strand breakage, gene mutations, and some chromo-
some changes. DNA damage studies are the biological indicators of genotoxic
agents in assessing the potential risks that cause canaggiagdn monitoring
the damage that may lead to changes in DNA. The aim of this study was to
investigate the commonly used genetics such as Micronucleus Test (MN),
Single Cell Gel Electrophoresis (Komet Test), Ames Test, Sister Chromatid
Exchange (SCE), Gbmasomal Aberration Test (CA), Somatic Mutation and
Recombination Test (SMART). To give information about toxicity tests and to
draw attention to the widespread use.

Key words: DNA, DNA damage, genetic toxicity tests
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GKRKk
1. DNA Hasar e

Organi zmal arén yakamé boyunca genomunda Vv
|l erden dol ayé DNAOGnNeé n(Oruavd.2000:62)Takairidi ka- énél ma

DNAG6daki polar grup ol an azot |lua b-aizfltarzinn-hi d
cirli DNA ol ukur. Bu bazl ardaki pol ar grupl a
yasal dejikiklikler DNAOGNnén replikasyonunda

yanl ek ekl ekme mutasyonlar ol ukhwurbma-ve bunl
ngbéh-er ve Kankaya, 2010:1370)

DNA ¢zerinde hasarl arée Damier eeéekKam&khagmai zr
2010:1370) Fakat DNA tamir mekanizmasénén kapasi
ol uktujunoall@u émutbasy kmesine ve h¢gcrenin dah
denolur( ¥ ¢t ve Atay, 2012:70)

H¢crede yakam boyunca gerekli ol an oksijer
terl eri (ROSG6I ar) DNAGda zincir kéréklaré v
a-am-eb ve 20dmk dB8&,0) . DNA ¢zerinde yakl akeéek
datif baz hasareé ol ukur. Bunl -hidrakéZa en sék r a

deoksiguanozin ®@Hd G) 6 di r ve bu modifi kasyon, DNA&ner
sarénén °ne(nmdiidamrdd rueecBErddian, 2012: 163)

80OHdG ol ukumu p¢rinlerin 4. ve 5. kar bond
ol ur , 8 . Karbon pozisyonunda OH il e reaksiy«
seyla sonu-1 ané&xHdG MA ag zéew@ kiaiB&R)edisEswii p
kull anél er . OoedeémpedahesahrdoBakémdadeéer ve

(Akkaya, 2018:27) Er can U. R. ve ar k. yapt éj é - al ékme
sajl ekl é& k°pekl eirsti dtei kae k OtHaaGt @&k, ayeglhk § éuda

mukl ardér. Yine HellbockObun yapOHdé araxkt éermw
seviyesinin, gen- sé-anlardan @elbock kat daha
vd, 1998:288) Bu modi fi kasyonun yapélan -al ékmal ar

yakl anmaive DIkshaasatar é arasénd@Fbdan&®reé asyo
Ercan, 2012:163)

2. Genetik Toksisite Testleri

Genoet oksi kol oj i ya da genetik toksi kol oj i,
germ h¢gcrel eri haeicitalekdek¢i¢tknomgeoeml eedDN
meydana gelen DNA eklentileri, DNA kérekl ar e
mal | i kl eri, gibi ha@aeungl2002803) -i ne alan bir te
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Geneti k toksi kol oj i téd antalkd raid ér 9 7 Baul daredsdan el
yasal maddel erin mutasyona, DNA hasarl aréna
bu kimyasallaréen etki me k a n i(zkmeakl earrogfnléu avnel a me

kekerojlu, 2011:221)
DNAG6yé dojrudan veya dolayl é& olarak etki/l

geda katké maddel eri, parazitik enfeksiyonl a
ve fiziksel ajanl arén genotoksi k potansiyel/l
sininkulln €1 madan ©°nce belirl enmesinde, -ekKitl h
tinde, kanserden korunma, -evre kirlilijinin
mal arda kul(lYagmeédlamaktjddgr Bdnuyun 2i015n 1B#A) - ok t
l unmakt adér .z8uatesybdeg@aenbba kekil de kull an
kull anél maktadeér. Yaygeéen kQohetAssapdinesn t est !l er ;
testtKar dek Kromatid Deji Ki mi testi, Kr omaz o mal

tasyon ve Rekombinasyon testidir.

2.1 Mi krong¢gkl eursSi t dK) n&@estiBl okl anmék Mi kr
(CBMN) Testi

Mi krong¢gkl eusl ar h¢crede mitoz b°l ¢nme sé&
sunu kontrol eden genlerin eksiklijinden kay
netokordanveyamitottcy geét én di jer par-alaréndan ve Kkr ol
nakl anan, esas -ekirdeje dahil ol mayan, t am
fragmanl aréndan k°keOGYgkbakkeflbl, -edirde2RLBET

Y°ntemde sitokinezi duirdup onlaikmamazx éiyh i thig t
ol an sitokalekin BoOoye maruz bérakél ér. KIk b
réentégler ol ukturur . Bu sitokinezi durdurul mu
ortaya -ékan genetik hasaf( Y ¢izshtaaktei ok sl eul ol ar
2015:184)

Bu test mitoz ge-iren t¢m bitki, hayvan v
veinvivoveyainvitroo | ar a k y a p lerdrél,i200E2R) MIe testi bi-
yog°sterge olarak anahtar fonksiyonu, zar ar |
(Mouchet vd., 2007:422)

Yapél an -al ékmal ar da, -exki tli fiziksel ve
| ar da, kanser ve genioamne ke dliglzem sh ad ti &l & K lea rkdha
] énén y¢ksek o(kKeker djull wnwe K k.éMkrenule J | u , 2011:
| eus sayéséndaki arték somati k hg¢arel erdeki
zici, 2012:26)Kay ser i 6de bal ekl ar da -al exeéel an kan
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dejerl eri bal ekl arda hem sistemik hem de orc¢c
ortaya koymakd d @nslan vd., 2016:131Kn ©wir vemda yapélan - al ékma:
zin ve trifluralin verilen farelerde mikronu
farel erde i se mikriroGebekuddd9s98)ar g°zI|l enmemi Kt
Fenech taraféndan il k defa memeli h¢egcecrel er

masé kolay ve héezlé, deneyime az gereksinim
bir vy ° (FenecmA0D0:9Eastmond ve Tucker, 1989:35)

2.2.CometAssay-Tek H¢cr e Jeil El ektroforez
DNA hasaréné h¢gcnemeséewvidgesiuhttanééjpar yé&nt e
toksi k ajanlarla olukan tek veya -ift zincir

farkle elektriksel yécke sahip DNA fragmant | ¢
l arda y¢r¢egmesi Gendayake MueBAinketyi, 2203614@06)
KIl'k kez 1978 yélénda Rydberg ve Johanson tar .

ve al kali pH6da | el el ektroforezi ol mak ¢zer
al kal i Cc 0 mekdd avres d@p20/10:80;Farljain, vd, 1995:4Q)

Y°nt em, canl é& dokul ardan izole edilen DNA
edilip elektroforezde y¢r et el mesi ve daha so
resan mi kroskopta hg¢gcrelerin tek tek dejerl e
lerletamiredé meyen zincir kéreéeklareée varsa, fl oresal
déza benzeyen g°re¢nt el er ol ukturur. Bu nede

(kuyrukl u yéldez) o666 denmi kK t(Athaya,2b1ld:837ar sez DNA
D&kédd-a Kk v éad, K081y

Kl k ol arak hayvan ve ai msagmem¢ csroenl eréil rl dae dya:
ve funguslar ¢zerinde denenmik ve bakareéel é s

ayreca farkl & hg¢cr el er drevitr BxAvivadhva mmaivoené bel i r |
olarak da uygulanabilmektedir@®- er v e Kank Akpir201822.10: 1364 ;

Bu test yine ila-larén toksik etkisinin b
g°stergesi ol ar ak, kanser hastalarénéen DNA h
hastal ékl ar én izl enmesinde, sperm DNA yapéeé:
madde araktérmal arénda ve apoptotik hg¢gcreler
al anl arda geni k °(l¢osbdaen oK U lul anddémax® ivaed & 4 4 ; D

Ko 4§§2010:82;n-er ve Kankaya, 2010: 75; Gl ei vd. :
kerojlu,. 2011: 223)

Yapél an genot okillan- pleenema c& sbhitrn ni I &-kosit
invtrok okul | arda tek hg¢gcre jel el ektroforeziyle
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uyardéjenée( baubamonulka uvdMpganlg®bgapge comet vy
miyl e yap él an bazé bal eéklar ¢zerinde etil me
péel ar ak DNA habkarak fatkht ekéggklbak vedspit ed
2011:1456)EFSayed ve ark yapteéjé -aléekmada fare r

parazit olartoxoplasmagondii | e DNA hasaréné ind¢kl ediJi hye¢c
el ektroforezi wuygludnmngméewkptéar kvoen terndle kgtreu beudn a ¢
DNA hasar é t(El-Sgyedive Adyd2D14:482)k t 1 r

Al kal i tek h¢gcre el el ektroforezi me me | i
g°rsel b (McKelvegMantin wdt, 1963:62) Y° nt emi n dezavantajl
uygul ama séraséndaki farkl el ékl ardér . Sonu- |
ki ki taravvendsnéyppeoelteoegol uygulansa bile, fa
sonu-lar verebil mektedir. Tam kan | °kositler
genel bir durumunu ortaya koydD&a- a@rokweg a veya

Kankaya, 2010:1362)

2.3. Ames testii Salmonella/Mikrozom Testi

GenellikleSalmaonella typhimuriumeE . ¢ 0o Imiud mint s ukl ar é& Kkul |l an
yapélan ekzojen kaynakleée -exitli ki myasal m
[ n k(Uysdl,200@3B)é rBu bakterilerin histidin veya
dejikik b°l gel erinde $Sahmrelamuphismulieilutamdé un er me
ti
di

din sentezlemeyen suklarénén teist maddesin
kten sonra histidin sentezleme yetenejini

creyebil mesi temeline dayanér. Bu ortamda ¢r
belirlenir( Y¢ zbakéojlu vd., 2015: 223)

19726de Dr . B. N . Ames ttaersdft@endan ai-l K i d enfac
il a-1laréné risk anali zini belirl emesinde, pe

maddel erin mutajenik ve karsijenik aktivites
relerin t¢gmPr baskeél ayreareé geaptean maleé mob&k tlau ln
in vitro bir tekniktir( M.  Ar sl an, 2016:.72; ¥zkara, 2017:39

Ames testiile karsinefn ve karsinojen ol mayan yakl aké

I e n miMeQannwd., 1975:5130 Di kkat eksi klijJi ve hiperakt
kull anélan bir il a- ol an Ri-sambnella/@mk-n hammadde
rozom y°ntemiyle yapél mék ve (Emantvd,) eni k ol ma
2005:280) Ames (Sal monell a/ mi krozom) mutajenite
ve TA 1®80kslukémaeél arak yapélan -alékmada TA 9
['irl engneawdi rn @@O15: 70). Yine Porsuk G°l ¢0ng¢n
sularda bu test ile TA 98 ve TA 100 sukl ar ey

nokt asénta map fKathrde ROD4ER)
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Ames salmonella/mikrozom geri mutasyon testi kimyasal maddelerin mutaje-
ni k aktivitesinin incelenmesinde sékleékla ku
ve ekonomi k bir bakt er(Limaa,lvd.,g00:1051)mut asyon y©°n

24 Kardek Kromatid Deji ki mi Testi (SCE)
Kar dek kerjonkaitnmid dmet afaz kromozomlarénda Kk

sénda DNA segmentlerinin yer dejiktirmesi ol
| oju OramosS@oksiuridin (BrduU) kullanéleéer. Br
dek kromati dl eroimpl earga k& mdreo zgpimdearke Kk DINA par - al
|l ekl & dejikimini gesterir. Kardek kromatit ¢
olukturabildijlivgizihageoef bkbudkediedgiolDW5ve84keke-
rojlu, 2011:225; ., nyayar vd., 2010:410)
¥zellikle mutajenlerin kromozomlarén yapeée
i -in uygul anan RAint htoeknivVkt iCrar r rayoe-t ar af éndar
paircrosc ompl ementing 1) denilen bir DNA tamir p
mozom kéeréeklaré ile karakterize edilen bazé

A A=

tajene ve karsi nmnejlerdemareuz alsg kaamel®d@El sapt ar
ve kekerojlu, 2011:225; .Wilson ve Thompson,

Kerém Komgnalk At exi hastal eéjJ énda kull anél
bir ay aral éklarla alénan kandan SCE ile gen
rinde kontrol gruplaréna g°re (Baarvd., d°n¢kKeml ¢
2009:239) Bakka bir -alékmada 5 ile 12 yel S¢roe
i K-ieekdatvol gruplaréna g°re kromatid keéer ek
tir (Rita vd., 1987:4)

Yine bu testte il a-, pestisid, aj ér met al
toksi k etkilerini a(Rita wdt, #987rBaWilson veiThomgk ul | anél me
son,2007:200 SCE, mutajeni k ve karsijenik ajanl aré
di rmede kolay, hassas, ve hézl é bir y°ntemdi

2.5. Kromozomal Aberasyon Testi (CA)

Kr omoz omal aberasyon, kendilijinden veya
zi ksel ajanlara bajlé olarak kromozom yapéseé
neml anér. Kromozomun yapéesénda kér el mal ar ve
lir (Carrano ve Natarajan, 1988:403) Kr o mo z o ma | aberasyonl aréen |
masé genel ol arak DNA hasaréna maruz beéer akél
r ak e |(SuspiaolveRriga, 2011:360)
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Bu teknik k¢gltegre alénmeéek periferal kan | e
emsa (G bantl ama) il e boyanarak veya floresa
mikroskopta incelenerek kromozdmé r é k| ar & tespit edilir. CA,

si k ajanlara maruz kalan popul asyonlarda sé@
(Suspiro ve Prista, 2011:361).

Genelli kle kardek kromatid dej i ki mi t ekni
t emde Kk dmgick inNiveofiar ak, me me |l i inkhigoolarak k ¢ 1 t ¢r |l er
kromozomlarda g°r ¢l en sayésal v(ek eykaep-é s a | abe
rojlu ve kekerojlwu, .2011:224; Zeiger, 2004:3

Kayraldez ve ark. yaptéeklarée -al ékmada seé
zom aberasyon testi ve diAleverdgp¥apraks i k t est | e
ekstratlarénda CA ile istatiksel ol arak arteée
tajen ol duj un (Kayraddiz pdi, 2010283Jni Yka peérldamr bakka bir
mada nsan | enfositlerine farklé konsantrasyonl
mo z o ma | aberasyonla hem de dijer genetik to
kontrollerle kéyaslandée( €aldmaZ? nedanl i D009 ab%5b)ye

Bu testin hassasiyet:i kanser risklerini [

ol ar ak z ah méSuspiio vevwestay2a1\1:36Q)t € r

2.6. Somatik Mutasyon ve Rekombinasyon Testi (SMART)
Bu teknik, ©°karyodtrioks obpiéfalreekig@ ninztmanto!l aunmk | «

kull anarak -exkitl] ki myasal |l ain&imobiet ki si ni f e
tekni ktir. Heterozigotlujun kaybé esaséna da
testi, nokta mutasyonu, delesyon, translokasyon, mitotik rekonylsinakromozom

ayrél mama ve kaybé gibi kromozom anormal | i kil
|l anél arak yapéel an, hedef genl(askinvd kol ayl ékl a
2010:83; Graf vd., 1984:150; Graf vd9a8:200)

Bu metod kull anél arak yapélan bir-ok -al ét
Sodyum arsenit ve krom (I11) Kkl or¢réen bu or
-eki tli gel i ki msel °zelliklerine etkisini al
ekeye bajlée resesif mutasyonlar ortaya -é&kmé
kel dejenda y¢ksek toksi k et ki gzl enmi ktir
Gel i kimsel olarak ise | arval ar grKabr¢at¢camesi  ge
ve B&BO®EI) VYap&laamibbak al ékmada, Karasu Nehri
séndan d°k¢l en ateéekl ardaki ajéer metallerin L
arakteéerél méktéer. Bek ay boyunca farkIl é& istas
gul anmaseée il e bazé mMunteamlti Kkbliornlaarrtdéak sgeksltée r m
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aj ér met al i -eren suyun genot d Axikk netvlki g° s
Incekara, 2010:45) Bakka bir -al ékmada bazé pestisitle
meydama getirecefji genotoksi k etkinin SMART il
pestisitlerin s¢re ve doza bajéemlé olarak to
kontrol grubuyla karkeél aktéreéeldéjéenda i stati
tur( Ekeback, v.d . , 2000: 560)

¢evre kirlilijinin -aleéxkmalareéenda, at ek s
sénda, pestisitlerin, géda kaarkaek tnéarded emae-r i |,
sénda kullanéelan heézl e, ekonomikAwkei ng¢eveni i

ve Incekara, 2010:46; Bua k 2015: 88; Ekebak vdé4 2000: 56 (
2010:100)

Bu testlerin dékénda -ok eski bir test ol a
relerinde DNA kér ekl ar éimwtrotess dalpat aarndréars.e nRlia- k u |
erro Sestlidrideniinl kL 9d’edféba yapt éj é& bu testte te

minin elektroforez kullanél madan yapélan ve
l en DNA fragmentlerinin b¢gyekle]jeéenegn dejerle
hezl & ve basBut theikrniyk® nztaemmadni ri.- i nde gel i Kt i ri

ve tek h¢gcre jel el ekr of(SBestid,2009:545; Bebtilit ek ni k1 er
vd., 2006:201)

SONU¢

Genotoksisitenin daha ivyi °l - ¢l ebi |l mesi i
bil mekte ya da floresan in situ hibridizasyo
bine testl er yap é-lcomaetladsay dEBSHmMikrohuklaus gssapy F1 S H
yamakt adér. Araktérmalarda en -ok tercih edi
nukl eus testi ve t elkviviiolaak tercihjedilén metbdesk t r of or e z i
ames testidir. Bu testler kolayl ékla bitki h
bilmek edi r ancak kromozomal aberasyon (KA) -o0k
tirdifji i -in uygulanmasé seéneéerl é& bir y°ntemd

Géengmegzde -evre kirlilijinin artmaséyl a he
yasall arén olumsuz et ki si mdkAtbanEeré.n DNMA abbu g
hasarl aré tamir mekanizmal aréyl a onarabil mek
her hangi bir bozukluk ol dujunda hasarl aré t a
|l emeyen hasarlar birikerek organiammal ar ¢zer
mayeée tetik|l emektedir. Bu nedenl e, geneti k 1t
ni zmal ardaki potansiyel etkisi ©°nceden t ahmi

meden tespit edilebilir.
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TEMAS MEKAN Kj KPROBLEMLER KNKN SONLU
ELEMANLAR ¢ ¥ ZKNDETEMAS KUVVET KVE
TEMAS UZUNLKMERKL

Onur ARSLAN

Eski kehir Osmangazi iniversitesi

¥zefemas mekaniji alanendaki analitik -al éxk
mas uzunluklaré i-in ¢retilir ve bu sonu-1areée
temlert sonl u el emanl ar y°nt enkiu,l |saénneélré re.l eFnaaknalta r €
hesaplamal & y°ntéemmasdezbael uf ui ebde et mek i -
temas kuvvetini °nceden hesaplamak m¢gmkegn dej |
mal é& -°z¢;mler -exitli temas kuvvetl eri i -1 n te
l uyla hedeflenen temas uzunl ujiemasa ul akél ér . So
kuvvet. v b. sonu-lar bu temas wuzunluju i-in el
yanél ma y°nt emi hem zaman al ér hem de zahmetl i
temas uzunlujuna sahip -°2z¢mlere hézlé ve oton
layan yeni biralgart ma gel i ktiri |l mi ktir. Al goritma yayge
programé ol an ANSYS6 in programlama dil.| ( APDI
mal zeme ile bir rijit zémba araséndaki 2 boyut
gel i ktirilmiktir.kek-igdmrerve idainr @edalktaudmdan bu
-eki tli el asti k mal zeme tiplerinde verimli K e k
goritma sayesinde analitik -aleékmalarén dojrul
rilmektedir.

Anahtar kelimeler: Temas uzunl B],u Sglrg grmmimerhds t emas
mekaniji problemi, Sonlu el emanlar metodu.

Relations between contact forces and contact lengths in the finite element
solutions of contact mechanics problems

Abstract: The results of the analytical methods formulated for contact
mechaics problems are generated for specific contact lengths, and the correct-
ness of these results are validated through the computational methods. How-
ever, it is not possible to determine the contact forces required to reach specific
contact lengths (i.e. threlationship between them are not known). Therefore,
in the computational solutions, some trial and error procedure are performed to
determine the contact forces required for specific contact lengths. Then the con-
tact stresses and contact forces are coeapafter such an operation which is
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time-consuming and tedious. In this study, a new algorithm is developed to
automatically reach the computational solutions for specific contact lengths in
a much shorter time. The algorithm is implemented in ANSYS RatranDe-

sign Language (APDL) for the 2D contact mechanics problems between a rigid
punch and an elastic medium. The algorithm works reliably for the triangular
and circular rigid punch problems, and for any arbitrary elastic material. By
means of the algdhm proposed, the validation of analytical studies can be
enabled conveniently and faster.

Keywords: Contact length algorithm, Frictional contact mechanics
problems, Finite element method.

1. Girik ve Y°ntem

Makine el emanl aré araseéndaki kuvvet aktar
temasl aréTemassapgluahédgfunun aradaki temas kuv
problemlere tam (complete) temas probl emleri
ise tam olmayan (mo mpl et e) temas probl emleri adé ver.i
rine °rnek d¢z zémba problemidir, tam ol maya
dairesel zémba problTeaml et maYanekegast meklaabi
l eml erinin anaél ibteilki rnheit ote nsaocsn wu-zluanrl uk |l ar & i - i
|l aré dojrul amak i -(sonludemaniarprietadmad) el ly® ma leaml .er
Fakat hesaplamal é -°z¢;mlerde belirldi bir t el
temas kuvvetini ©°ngreddea] ihleksiarp.l aDmalka ynganky | a h «
Z ¢ m, -ekKi tli temas kuvvetl eri i-in tekrarl an
ve daha sonrasénda temas geril mesi, temas ku
Bahsi ge-en y°ntem hehmetidok zaman al ér hem de

Bu -al ékmada; hedefl enen bir temas wuzunl uj
sajl ayan yeni bir sonlu el emanl ar al goritmas
cek problemlerin geometriler:i kekiel .1 de ver
rijit dairesel bir zémba araséndaki i ki boyu
kil . 1b ise elastik bir ortam ile rijit ¢-9g
gerinimi temas pr obl e RtemaskugvetisiQe s it mmeke edi r .
kuwetini,b-at emas uzunl ujung¢tgmai zeenbmalkkneadiji m a-

Ri se dairesel zéembanén yarée-apéné g°ster mekt
(b-a) temas kuvvet(P)b ¢y ¢ k|l ¢J ¢ne bajl edémeg Probl gml-er i n
l'iktirilen algoritma kekil .2 de verilmixtir.
taménda dairesel ve ¢-gen zémba «kxekill eri i -
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tipi i -in -al ¢gp@pva(b-d)s calageyil mamacadierf | enen ve
temas uzunlukl aréné belirtmektedir.

2. Sonu-1Ilar

Dag (2009) taraféndan yayénlanmék -al ékma
bir yarée d¢zlem araséndaki analitik -°9z¢m so
temas probl emini dairesel bir zéemba il e ger -
hesaplam&@ y°ntemin ge¢venilirliJini ortaya koymal
-al ékmal arén sonu-laré bu -aléxkmada ¢retil en
ler Kolosov sabitk =1.801 an bir el asti k yareézdgmtlkeem i -in
s¢ée¢rtenmendo8t sapédegzl em ger i mi varsayeéemé il e
z¢mlerde kull anélan sonlu el emanl ar model i v
manl ar aj é kekil . 3 ®Betergénteggd mezu reldd jru n B ub «leikri t
mektedir. Sonlu el emanlar modelinde toplam 7
el eman ve 270 CONTA172 temas -izgi el emaneé Kk
zeyi i-in 1 adet ve dairesel zémbe y¢izeyi i -
mané kull anél méktér. T¢m sonlu el emanl ar ana
mekt éer . Geliktirilen algoritmanén yakénsama
zémba ejg)we a3 ésé&r kl & daiRr eiseiin méaabaryaBéarapa

Nt oplam iterasyon sayéséné g°stermektedir.

zémbagdeljier i k¢-¢lt ¢l de] ¢ Rdee] evrei daari trteésred | dzé&jneE
temas problemlerinin (8ahaml ezl dakakinkdée])er a
mas uzunl ukl aréna yakénsamaktadeéer . Tabl o 1

problemi g= p3600C i - iirki iterasyonda, dairesel Zém
R=5000b -a)yedii t er asyonda sonu- vermiktir. Bu hes:
edilen normalize geriime ., /(P/(b- @) dej er l eri | iteratg¢,¢rdeki ana
elde edilen normalize gerilme,,/(P/(b- @) dej er | er i ile kekil .4 de
meéetké r . Not edi |l mel idir ki dairesel Zzémba pi
So/(P/(b-d)dairesel zémba yarée-apéndan ve kesme
problemlerindeki normalize gerilmeler,,/(P/(b- &) de ¢ - gen zémba eji m a-
dan ve kesme méed¢l ¢nden bajémsezder (Dag, 20
g%zl emlenebil eceji gibi; analitik metot sonu
l ar y¢ksek dojrulukla uyum i -indedir. Bu dur
niliolritpyai koymaktader . Geliktirilen algorit
dojrulanmasé ve istenilen parametrelere ait
edi |l mesi m¢ mk¢en hale getirilebilir.
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kekiS¢rit:¢enmeli temas problemleri: (a) Dair
o |7 b |»
Q-nP

R

z y

Elastik Malzeme Elastik Malzeme

k e k iAlgoritna

Temas kuvveti P i¢in baslangi¢ degerinin atanmasi

{

» | Augmented Lagrange yontemi ile temas probleminin
I ¢oziimii ve (b-a) “degerinin okunmasi
p==9p
(b—a)

I (b-a)’degeri (b-a) degerine en az % 99.5
Hayir .
- dogrulukla yakinlagsmis m1?
Evet l

Temas gerilmeleri, temas gerinimleri vb. sonuglarin
alinarak analizin tamamlanmasi
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k e k iSonluzlemanlar modelh/W =0.5, h/B=5.0.

B

|¢———>|
;
8 ]
2 i
i o
1
e
| T
| [ T s ] ] 1 e e o A
o o e [ | A e
! !
w
kekiEl de edil en sonlu el emanlar sonu-1aré
|l ekma sonu-I|l ar é@&n gl ar k&Imdbd)tdeari allersaesind :;z € mb a
problemi,»=0.3, k=1.8.
a)
0
14
-2 4
o.(0,r)
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N (6-a)y
(b-a)

Ucgen zimba problemi

Dairesel zimba problemi

o= 12g00 o= 24;;00 o= 36;00 %z = 1000 bf;a = 2300 % =3000

! 0.099 0.198 0.300 0.339 0.532 0.750
2 1.006 1.010 1.004 0.578 0.728 0.864
3 0.999 0.999 - 0.757 0.849 0.928
4 . : 0.869 0.924 0.966
5 . - 0.933 0.959 0.979
6 - - 0.966 0.979 0.992
7 - - 0.983 0.990 0.966
8 - - 0.992 0.994

9 - - 0.992 0.996

10 . - 0.996 -

210

t emas

uz



BEYKN T! M¥R! KIKEGNDKEF'! Z KKPT
TOMOGRAF KSKSTEMKNKN GELKK FRKLMESK
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¥zetDi ff ¢z optik tomografi (DOT) biyolojik d
dej i ki klikleri g%zl emlemek i-in g°r¢negr ve yak
daha g¢venl yevbkeidbkegkt mbbi gere¢é¢nt el eme tekni i
zeyden yanséyan fotonlaré algeéelayarak veriler
modeli ile ikleyerek dokunun ¢(- boyutlu (3B) g
mad a, yedi kat manl é kaf @a0m&kaglniajie-iomn ad0 ddédek
opti k tomografi sistemi tasarl anméxktéér. DOT, i
i ki i Kl em adéméndan ol ukur. Kl eri problem, g°r
sini ve sa-é@lmaséné °] -erek éxkeljeerni biyol oj i k ¢
probl emde, ékéek doku y¢gzeyine dajetéelan kayna
i-ine y°nlendirilir ve dedekt©®°r optodlar ile t
takénmaséné modell eyebilen Monte Carlo (MC) y?°
ters pr ozomheekmi inii n °Ti khonov r-Regrgsé ari zasyonu Vve
s©%ztdeer si kull anél méktér. Sistemin performanseé
turul muk 3B gl°re¢nteler kull anél arak analiz edi
Anahtar Kelimeler: di f f ¢z opti k t o moprgbtemif i (DOT) ; il e

monte carlo; tikhonov regularizasyon; mogree n r o0 s-tersis © z d e

Development of a Diffuse Optical Tomography Systerto
Detect Brain Tumors

Abstract: Diffuse optical tomography (DOT) is a safer and low cost
medical imaging technique which uses visible and-rdaared (NIR) light to
observe physiological changes interior the biological tissue. DOT collects the
data by detecting the back reflected pinstérom a surface and construct three
dimensional (3D) image of the tissue by processing the data with model of pho-
ton transport. In this study, the diffuse optical tomography system which has



H¢esamett itTHHerdan SEDERF Hy seyin ¥zge¢r KAZANCI

60 detectors and 40 sources is designed for seven layeredniodati DOT
consists of two main process which are forward problem and inverse problem.
The forward problem describes the propagation of light in biological tissue by
measuring absorption and scattering of visible and-ima@red light. In the
forward prdolem, the light is guided into the tissue using source optodes dis-
tributed on the surface of it and detected using detector optodes. Monte Carlo
(MC) method which is capable of modelling photon migration is used for sim-
ulation. Tikhonov regularization andoore-Penrose pseueinverse are used

in order to solve the inverse problem of DOT. The performance of the system
are analyzed by utilizing artificial data and reconstructed 3D images.

Keywords: diffuse optical tomography (DOT); forward problem;
montecarlo; tikhonov regularization; mooeenrose pseudnmverse.

INTRODUCTION

Diffuse optical tomography (DOT) is a noninvasive technique for functional
imaging of biological tissue which uses NIR or visible red light to visualize the oxy-
genation and othgrhysiological properties of the tissue. The basic idea of DOT is
to illuminate the tissue by light from an array of sources, and collect the transmitted
light at a set of measurement locations. The spatial distribution of the optical para-
meters of the dona being imaged based on the properties of the measured light is
obtained. DOT provides not only the structural information, but also the functional
images including oxyhemoglobin, deoxyhemoglobin, lipid and water content as well
as the morphological imagéncluding nucleus size and volume fraction.

The properties of the absorption, scattering and anisotropy factor (the cosine
of the average scattering angle) represent three important optical properties of the
tissue. Photon propagation in biological tissiis characterized by these three pro-
perties. These parameters are related to certain physiological quantities, such as the
blood volume or concentration of hemoglobin (Bi, 2015).

DOT consists of two processes which are forward problem and inmerise
lem. The forward problem in DOT describes photon propagation in tissue and is used
to determine the optical flux at the tissue boundary. The inverse problem involves in
the reconstruction of tissue images using absorption, scattering coefficienteand t
optical flux of the tissue obtained from and surface light measurements (Maheswari,
2016).

There are many models describing the light propagation are radiative transfer
equation (RTE), the di usion equation (DA)
Transprt (MCMLT).
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It is known that the Diffusion Optical Tomography (DOT) inverse problem is
exponentially iltposed or ildetermined caused by the limited measurement data,
the high scattering and high absorption propertiepadfiedness makes the coeffici-
ert reconstruction sensitive to small perturbation from measurements, such as noise
and computational error (Tang, 2017). In order to solve this problem regularization
methods are used.

In this paper, we realized to simulate continuous wave (CW) diffuseabpti
tomography (DOT) with artificial data. Firstly, photon fluence rate distributions were
generated using 2D Monte Carlo simulation. 60 detector and 40 source have been
used for sourceetector matches. The forward model weight functions were genera-
ted byusing the 2D3D translational algorithm which have relied on interpolation
and then the weight matrix (A) was obtained. The weight matrix (A}akd and
in order to solve it regularization methods is used. Tikhonov regularization and Mo-
ore-Penrose geudeinverse are used to solve inverse problem. The performance of
the proposed algorithms are compared by utilizing artificial data and reconstructed
images obtained 3D.

The paper is organized as follows: section 2 presents the Forward Model which
consigs 2D Monte Carlo simulation and obtaining the weight matrix. In section 3,
regularization methods used to solve inverse problem are explained. The experimen-
tal results for artificial data are given in section 4. In section 5, conclusion and the
findings dotained were interpreted.

FORWARD PROBLEM

In optical imaging, lowenergy visible light is used to illuminate the biological
tissue and it can be modelled as a photon transport. Optic imaging systems require a
forward model weight matrix depend on tiiteysical model of the imaging system.

In the forward problem, photon propagation was described. The methods
which describe the light propagation in tissue are radiative transfer equation (RTE),

t he di usi on equation ( DA) a mnspdto nt e
(MCMLT).

The Monte Carlo (MC) method which is a stochastic solver is a computational
algorithm used to simulate light propagation based on repeated random sampling.
The program casts uniformly distributed photons into the tissue model for each so-
urce (Chen, 2009).

In the study, seven layered head model was created by defining the optical
properties such as reduced scatteridg and absorption coefficient®\ of each
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layer. 2D MC simulation was performed and photon fluence rate distributienes w
obtained. The image of obtained photon fluence rate distributions is given Figure 1.
The forward model weight matrix functions were generated by setting the source
detector geometry in Figure 2.

log, ,( Fzr [J/cm?])

z [cm]

r [cm]

Figure 1 Photon fluence rate distributions

Following the forward model weight matrix functions calculated based on the
photons' MC particle simulation model, the weight matrix was built by multiplying
photon fluencies under each soudsgector pairs in accordamavith translational
algorithm (Kazanci, 2014).

Head model given in Table 1 was used for seven layers, gray and white mat-
ters, skull epidermis, dermis, Cerebrospinal Fluid (CSF). g denotes the anisotropy
factor for head layers.
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Table 1.The optical properties of head

Media ‘ ‘ °C Thickness (cm)
Hair 20619 104875 0.9 0.01
Dermis 4136 247525 0.9 0.01
Epidermis 0.022 138.25 0.9 0.1
Skull 0.009 185644 0.9 0.5

Cerebrospinal
.02 .01 . .

fluid (CSF) 0.0 0.0 0.98 0.5
Grey matter 0.059 104875 0.9 0.5
White matter 0.059 104875 0.9 2.6

After generating photon fluencies for radial r, and depth z in a cylindrical co-
ordinate system, it was converted cartesian coordinate system. Image reconstruction
mesh grid coordinates are (x,z) = (3 cm, 3 cm, 4 cm). Ngrid=10x10x20=2000.

The photon fluencies have been transferred into three dimensional imaging geometry
based on the souraketector geometry. The distance between every two closest op-
todes are 3 mm. In our study, each simalail0 million photons were injected at

the source location.

Source - Detector Optode Array

sources
detectors

1.5 :
O O O O O O O O O O
/0 O O O O O O O O 0o
O O O O O O O O O O
05ro O o O O O O O O O]
= ] O O O O O O O O O
9, 0F 3-mm spacings B
> a O a O O ] O ]
o050 O o O O O O o O O
O O O O O O O O O O
'To O O O O O O O O O]
O O O O O O O O O O
-1.5 : ‘ : ‘ :
-1.5 -1 -0.5 0 0.5 1 1.5
x [em]

Figure 240 sources and 60 detectors geometry
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INVERSE PROBLEM
The inverse problem involves in the reconstruction of tissue images using ab-
sorption, scattering coefficients and taical flux of the tissue.

This problem is usually solved by minimizing the distance between the model
and the measurements, and there is no unique solution and it is unstable due to insuf-
ficient operator or model.

A weight matrix has been built with tHaterpolation of photon fluencies
which are coming from the cylindrical (r, z) MCMLT coordinate system.
® dw (3.1)
In the inverse problem, A weight matrix can not be solved by taking the inverse

of the weight matrix directly. Because the size of b is different than the size of x,
which makes the A weight matrix a neguare matrix (An, 2015).

A represents the weightatrix of the weight values of each voxel in each me-
asurement. The b, and x are the values of the measurement vector, and perturbations
in the absorption coefficient shows the vectors, respectively.

0 p 8 0O p

(a%

(3.2)

8'1 ()Y €~l

' . “

1P R ~ Opaz €
1 é En W
Wi BE 8 R0

n: the number of voxels

m: sourcedetector pairs

b: 1 TnJh  Perturbation vector

x: Total absorption coefficients

n is the measurement taken for a homogeneous phantois,he measure-
ment taken when inclusion (when the diseased area is created).

The weight matrix A is ilposed and in order to solve it regularization methods
is used. In this study, Tikhonov regularization and Mdeearose pseudaverse
are used to solviaverse problem.

Moore-Penrose pseudaverse result of matrix A
0 00 O (3.3)
Least square solutiod= 0 b (0 denotes Moordenrose pseueiaverse
of A)

216



Beyin T¢gmereg Tespiti K-in Diffg¢gz Optik Tomografi

A denotes the weight matrix that is consist of weight of each voxel in every
measurement where the scalar & O 0 is the re
balance between the data fidelity and regularization terms (Bhowmik, 2016).

The Tikhonov mininization problem has the unique solution
w 606 10 6 (3.4)
Selection of regularization parameter &

balance between data fitting and penalization (Baia, 2017). Brute Force Search met-
hodisusedinorddro choose & regul arization parameter

RESULTS

In order to test the success of the DOT system an artificial data was created.
Injured tissues involve high blood voxels. Diffuse light has been used to recover oxy-
hemoglobin and deoxyhemoglobin. One and more inclusion put in the different tissue
region inthe forward problem in order to test the success of geometry and regulari-
zation methods. Tikhonov regularization and MeBenrose pseudoverse met-
hods were used. Regul ar i paptnti.on parameter o Ww

Pseudo-inverse

15 —
-1.5-1.2-09-06-030 03 06 09 1.2 1.5 -1 0 1 1 0
X X y
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Tikhonov

-1.5 ——
-1.5-1.2-09-06-030 03 06 09 1.2 15 -1 0 1 1 0
X X Y

Figure 3 Reconstructed results of artificial data for different methods The first
row is the reconstruction results obtained using the Psewdose method and the
second row is the reconstruction results obtained using the Tikhonov regularization.
The first column is 2D bottom view of the reconstructed resuly fdane) and second
column is the 3D reconstructed resulytz plane). There is one inclusion and depth
of the inclusion is 3.6 cm.

CONCLUSION

In this study, we have presented a diffuse optical tonpbyraystem. MC si-
mulations, 2D 3D translational algorithm which have relied on interpolation and re-
gularization methods for inverse problem were used. The system was tested by re-
constructing images of the tissue phantoms using the artificial data. Ths veze
obtained by Tikhonov regularization method better than M@anerose pseuda-
verse method. The DOT system is safe and low cost and has the potential to be used
brain imaging in medical application.
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¥zeRl:asti kl er génl ¢k hayatémézda °nemli bir
man i-erisinde plastik malzeme bilekenl eri al a
likte,g¢ -1l endiril mik plastiklerin ¢stegn °zellikle
Bu gelikmeler plastik kompozit malzemelerin er
kull anél maséné sajl améxtér. Ergi me sécakl ekl a
g°re d¢ke¢gk oallmesreelrlrestiikd eme bilirlik kolayl e
Bir-ok ¢retim y°ntemiyle plastikler ve plasti
Fakat en -ok kull anélan y°ntemler, é&sé ve baseé
ti mini sajlayan y°nt enmmldeer dfi é&s. & Biul ey °knetkeintlleern dii-r
y°ntemi 06 otomotiv, elektrik, elektronik, sajleé
sék kullanéelan bir ¢retim y°ntemidir. Aks k°r ¢
nekl e plastik mal zemeden yapélbkuan. Aks k°r ¢ ¢ ot
ve tozdan korumak i -in gerekli@ bir yedek par -
patl ak olursa aks kafasé kirlenir, i -ine ve r.
bancée ve akéndéerécé maddeler girebilir. Bu da
maséna nedeand éxlmard.a Bu omoti v sekt°r¢gnde kull and
r¢kl erinin mekani ksel °czellikleri arakteéer él méecx
Anahtar Kelimeler: Mekani k °zel |l ikl er, aks k°r¢kleri,
meler, polimerler.
GKRKK
1. Polimerler
Monomerl er , birbirine kovalent bajlarla b:
rabilen k¢-¢k mol ket el ki myasal maddel erd
kovalent bajlarla birbirine bajlanarak ol ukt
Monomermol& ¢ 1 | eri , kekil 16de basit olarak g°ste

czerinden birbirlerine bajlanérl ar ve pol i m
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mol ek¢l ¢nde onl ar ca, yézlerce hatta binlerce
[1].
Mer Kovaent Baj
[ ]
)
otet 10

« > 0 0 o
o'.'. Bagiich | |

Monomer Tanecikleri Polimer Molekild

kekiMonb.mer mol ek¢l |l eri polimerizasyon tep
l anarak iri polimer molekg¢gll erine dong¢gke¢mg

Sentetik polimerlerin ticardi boyutl arda ¢
l ar; giyinme veya dokuma ama-heéet greg ekasji ali ml e
liflerden sajl améxkl ar, géenl ¢k hayatta kull ar
odun, t ak, tuj !l a, -imento gibi maddel erden vy
pl asti k tabak, senteti k kumakazéuprt ¢nleei t ¢
kull anél maya bakl anméxkteéer. So0z¢ edilen ¢r¢nl
|l erden yapéleéerlar [2]. Doj al polimerlerin de
edilirler. Sentetik polimerl er ,bagdmeamlmaiskel e -
sonucu olukan ve O6mer o6 olarak ifade edil en,
duk-a basit birimlerden olukur. Sécakl ék ve
mal zemel erden g¢negmézde; fotojrafdofi | mi, tar
toplaré gibi dejikik malzemeler ¢retilmik, t
séyla da ol duk-a °n pl an senteti& kegaesentetkr . Pol i me
olup -ok farklé alanlarda kull anél maktadeéer
-apraz bajlar bulunmayan dojrusal ve dall anme
nedeniyle uygun -°z¢:c¢lerde -°z¢i¢negrler, ését
|l arca yeniden «kekillendirilebilirler. Pol i et
r{PvC) ve polistiren(PS) yaygén kull anél an t
bazeéel aredeér Polietilenlerden; bi don, poket,
|l enden, i f cam fil mi, boru ve torpido ve [
kad ar é, k°pe¢k ve -exitli mal zemel er yapél mak
| eme kartlarénda yorul ma hasaréna ujrayabili
gi bi akma dayanéménén -ok alténda geril me de
lerdekikadarypgén dejil dir. kekil 206 de ol duk-a yay
rime-- evri m sayésé dejikimindeki dejerler | ogar
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kekil 2. Yaygén kul keaewélian smoléismme rdled reirn eqg ¢
Ter moset pokisneyl eril ksdefea kekillendiril
Kekillendirilemeyen kal écé bir Kekl e sahip
bajl & molek¢l l erini ol duju bir polimer tg¢ry¢
kalit, fenoHformaldehit termoset polimel er e °rnektir [ 5] . Poli mer
l'ine getirildijinde dijer malzemelerin kar«ke@
nem g°sterebilen mal zemelerdir. Pol i mer fil
mede kullaneél érl ar. mBal amémaima fmial mleeneil ey i ho m
deki payé %40 oranéna ul akméxkter. Polietiler
poli merdir ve toplam polimerik filmlerin %70

2. Materyal ve Metod

¥zellikleri

2. 1Aks K°r ¢kl eri ndeel ekulviean érleatni nMaTlezkenm k| er
Aks ko°r ¢kl eri sretim akamal aré séraseée ile
x M¢ Kt er i talepl eri ve OEM ¢r¢n kartl ar éna
den onay al mék hamur form¢gll eri hazeéerl an
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x Dinlendirilmik hamurlara pikiriciler kat
x I'retirme nveeden °nce farkl é& b°l gelerden al €
hazl arenda test edilir.

x Numune kal éplarénda basélan test hamurl a
lir.

x Uz ama, kopma, yeértélma testleri yapeéel ér.
verilir.

x Kalié-perisine yerlextirilen vakum alteéenda
verilir.

x Operat®°r kal éeptan -ékareélan par-anén Kken
x Aks miline takeél masé i kKl emi i -in iskelet
x Kskelet ¢zerindeki aks k°r¢jeéenégn montajé
x Par-alarén montajé bittijJjinde kalite kon
getirilmik olur.

Deneyde kullanélan k°r¢klerin standart ©°1 -

Aks korigidnd I sekli s et
s kériigiiniin yapisal sekli Aks k&raga

d2
d3

- (1
da
ds

- Baglant
| B kelepceleri
£ ! ¥
L1 \
L2 - 4
S . —

La -

Ll

kekil 3. Aks K°r ¢jJ ¢

3. ¢ekme Deneyi

Mal zemede baeleijrilkit ibimre wunekidlana getir mek i -
gereken kuvvetin hesaplanmasé ya da ci sme be

dana gelecek kekil deji kKiminin belirlenmesi
deji ktirme ve bu «kKekindasdéendakii rimaejyeé ntvee,r ema lk:
hangi kokull arda -aléekabilecejini ya da hang

lirlemektedir [7].
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Pol i merl erin mekabniirki n? zkeelkliilk | deerjii kgteirrimhemed a
rek, plastik ve elbajemeeéel daegnmnanpeelaeamésnidak
basit deney -ekme deneyidir. ¢ekme deneyi; m;
ve plastik davranéxklarénéen (mekanik °zelikler
g°re sénéeflandéréel magbeavgamal eemePoséimer | @ama
l'i kl eri, metaller i-in de kull aneéel an, el asti
parametreler ile belirlenir. Elde edilen dej e
°czellikleri dejeméleadimidojfundMatiadzmamekani k
bil mek i-in standartlarda belirlenmik kurall

Deneyde kull anélacak numune -ekme deney ci
kektéereler. Deney ci hhd zé nhdéazkdia tbuitrubciur i -nedreenl eur:
mal zemeyi gerdir mesi sajlaneéer . Mal zemenin - €
mal zemeden mal zemeye dejiken bir dejerdir. NI
caya kadar =-ekilir. Bu es@dacal ngmehianag®® &t g
uzama °1 -¢1 ¢r . Deney sonucu el de edilen y¢k
lanarak (fpL ) di yagramé el de edilir. Bu diyagr ama

3.1 ¢ekme Deney Cihaze

tekme deneylerindbakel Adn OGRAPHenek me dene
dér. ¢ekme numuneleri tutucular araséna dil
-ekme deneyleri ger-eklexktirilmixktir.

= N
M D
<
QD

kekil 4. AUTOGRAPH ¢ekme deney ci he
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3.2 Deney Numunesinin Hazérl anmaseée

Firmalaraaitak k°r ¢kl er i deney kokull aréna uygun
nel er standart dejerlerine g°re kesilerek uy
r¢ejeée i -in ¢-er numune al éndée. ¢ekme deneyi vy
ril mesi i-in, rémbajmameleenveaymégay il mel er v
mel ere g°re makine seéefeéerlanarak referans dej
testte numunelerin °I-¢leri numune sayésé ka

tem ¢zerinden iayadreedtillednie rbeuk dceijhearzlaerke g°r e t ¢
5a ve 5béde g°sterilen ASTM D 792 standartl a
munel er i hazérl anméxkt eéer . Bu standarda g°re vy
mi Ktir.

L0x12.7x1.7

kekil 5a. ¢ kekil 5b. (¢
numunesi numune st art
4 . Deney Sonu-1aré
tekme deneyi ile beraber mal zemenin -ekme
dejerl eri el de edi |l mi ktir. tekme deneyi ode

Jiktirme hézé 2 mm/dak ol arak ayarl anméxktér.
sonu-1areédirg®°r ¢l mekt e
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Tablo 1. ¢ekme deneyi sonu-1ar e
(] © < < c
: = < < ©
— >
~ £ o £ S 3 © © ©
N) g > 3> Eq.) E ';é E s € o 1S
= ‘B O > E B E 'Gg £ = ok Qg
x 2 2 X = X S 2 =

° s 3 > 8 < @ < 3 e °5 °5 °F
X == X 2 =0 =5 X X Y o X S
Birimler N mm N/mmg % N mm N/mm? %

MKS510 | 82.3 | 117.501| 3.8195 | 97.9172| 70.3 135.97 | 3.25614| 113.308

MKS346 | 86.8 | 100.742| 4.020338| 83.9517| 81.9 | 106.177| 3.79342| 88.4811

ECEMS855| 78.9 | 86.1458| 3.65447 | 71.7882| 69.8 | 87.4657| 3.23298| 72.881

MKS572 | 106.2| 77.2063| 4.91894 | 64.3386| 104.15 | 78.7167| 4.82399| 65.5972

Sonu-1lar ve Tarteéexkma

Bu deney sonu-Ilaréna g°re;

a.Max. -ekme kuvveti MKS572 firmasénda g°r

b. Kopma anéndaki uzama y¢ zdesi en y¢ksek ol
dol ayé en s¢gnek mal zeme MKS510 kor¢gje¢ne aitt

c. Kopmauzamay ¢ zdesi en d¢kegk model MKS572 dér
gevrek mal zeme MKS572 k°%°r¢jeé¢ne aittir

tekme deneyi sonucunda, tek eksende - ekme
l erin ne gibi davranékl ar sergilediiJi gzl em
rlersonuecnda mal zemenin bir-ok mekani k °zellikle
ti ki k, -ekme, akma dayanéme) belirl enmiktir
anéndaki uzama y¢zdesi dejerlendirildijinde
uzama miktarg°dejest¢e¢negnl dugu gzl emlenmi Kt
] ¢énde i se kopma anéndaki uzama y¢zdesi mi kt a

tir.

Yapélan deneyl er sonucunda O6MKS5106 k°r¢j
crénlere g°re daha f azlaap éesléansdtacknme rk a®uz-euljluink d
fazla olmasé ile yorumlanabilir
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tekme deneyinden el de edilen sonu-1I|larda 6l
dejerde -ekme geril mesi gestermektedir. Bu v
mal zemesinin 6MKS51006 &°vejsprpelPirk dabhendi
l eml enmi Kt ir.
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AKKURT, Selma, Plastik Malzeme BilgidBi r sen , Y &Kyé& rmaewiu | 1991.

CALLKSTER, William D., Mal z e me Bil i mi vV e
Genel , Nobel Yayénlarée, Ankara 2013.

DEMKR, Emr dles P&k ma Ki myasal Buhar Birikt.]
Pol i mer Nano Kaplamalarin Sentezi Ve Karakte
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KARASAKAL, Ay Ke Aromat i k Yapé K-eren Po
Kar akterizasyonu, (Sel -uk i niversitesi Fen
Y¢ksek Lisans Tezi), Konya 2015.

¥ZT,| RK, H ¢ sAKinmetakrilamidin -~ Vinil  Monomerleriyle
Kopoli merizasyonu Ve Bu Polimerlerin Fizikon
(Sel -vue&r dgint esi Fen Bilimler:i Enstite¢se, Yay
Konya 2018.

SAVAKCI , -¥YWaIK, Nilrseli- AKOVALI , Ge¢gnerio, Pl asti k
Pl asti k Teknol ojisi, PAGEV Yayeénl ar é, Kstanb
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Denizli 2010.
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MAG KAYNAKLI T RIP ¢ E KI KNKN MEKAN KK
¥ ZELKLERKNKN ARAKTI RI LMASI

Dr . ¥J]r. lyesi Me hmet ¢AKMAKKAYA
Af yon Kocatepe | niversitesi

¥. Zafer ¥z AK

Af yon Kocatepe | niversitesi
Murat ARSLAN
Af yon Kocatepe | niversitesi
¥zeMAG y°nt emi ile aléen kaynakl é& TRIP -elik
bilirlijini ar akytapéna k( fagmayccény | la° | gre skir,o é€és édan
bl ge ve esas metal) OM aracéleéejéeyla karakter
bl gesinde olukan mi kroyapédaki ferritik, bey
J i Kimler.i dejerl endiril mi°kzteilrl.i kHeaeyn aklek meaj |l a
testl eri yapélarak dayanémé belirlenmixktir K
ril meler dejerlendirilmicktir., Kaynak sonrasé
sinde tane b¢y¢mesi ve martensitik alanl ar én
jén m&kka&mrel l ikl eri czerinde °nemli °l -¢de etk
Anahtar Kelimeler: Mekani k ¥zell ikl er, TRI P ¢elikleri

naj e, OM

Absract: The microstructure was characterized by OM (Fusion zone,
heataffected zone, and base metal) to investigate the unification of aliphatic
steel plates by using MAG method. The changes of ferritic, mannitic and mar-
tensitic structures in the microstructuoerhed in the main metal and welding
area were evaluated. Mechanical properties of welded connection were deter-
mined by performing tensile tests. Residual stresses after welding have been
evaluated. After welding analysis, grain growth and martensitic ewexasfor-
med in the Fusion zone and these formations were significantly effective on the
mechanical properties of the Weld.



Mehmet CAKMAR&KAYA ¥ KuraAARSLAN

GKRKK

D°n¢kemle Plastikliji Arttéreéelmék (TRIP) -
tiril mik y¢ksek-mbk&vyememn|l ien( Ad88) t ¢r¢gder [ 1
cileri otomobiller ¢zerinde g¢venli k, em¢l si
|l ektirmek i-in -aleéekmalar yapmaktadér. [2, 3
l'i kl eri ¢retmek i-iNV¢ikale&kkmahgangapmakebddél e
kavemet ve s¢neklije megkemmel Kekil verilebi
sebebi il e dikkatl eri czerine -ekmektedir. B
l er , D°n¢kemle Pl asti kildiijri [Ar]t.t eGedllinkéetki r(i Tl Rel nF
| erde mi kr oy 60 ferrith/e&@3i0mcbhee y%95 & ve g3y i kal ané
kal éntée ostenitten olukmaktadeéer. Bu -elikler
mek i-in TRIP takviyel: (| BRIdR ra d snektt ed) r - e IKi
peda yer alan kaléenté ostenitin deformasyon
dirilebilirliji °nemli ©°]-¢,de arteérabil mekte

kekil 1: Trip800 ¢n mikro yapé incelem

Tablo 1. TRIP 800 -el i(j% naijnérklienky.a)s a[ll 1klo mp o z i

C Mn Cr N1 Si v Al Nb Fe
0.193 2.13 0.338 | 0.020 | 0.279 | 0.007 0.58 0.022 96.3
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MAG Kaynakl é& TRIP ¢elijinin Mekanik ¥zellikleri

Tablo 2. TRIP800 -elijinin mekanik °zellikle
Malzeme Akma Gerilmesi Cekme Gerilmesi Uzama
(MPa) (MPa) (%)
TRIP800 435 825 24.0

Ergiyen elektrotlarla gaz alteée kaynajeé fi

birlikte, ticar. anl amda ancak 19486 den so
°ncelerkosomag@azal ténda y¢ksek akém yojunl ul
ger-eklexktirilen bir kaynak y°ntemi ol arak b
najéeénda kull anél méxteér. Ergiyen metal elektr
teme MIG (Metal InertGas)janaj € adé verilmiktir. [6] Y°nte
akém yojunluklareyla ve darbeli akéemla -al éx

koruyucu gaz ol arak aktif gazlaréen (CO2) ve
|l i kmel er meydanalgel miattiirf. kBu ugyeulciuk gaz én Kku
MAG ( Metal Active Gas) kaynajé adénén verilm

MATERYAL VE METOD

Bu ¢al exmada kull andéj éméz TRIP -elijJini
50X300mm «keklinde boyutl andéreéel mékteéer . Bunl
MAG kaynak y°ntemi kull anélarak aléen kaynaj é
mi Kk 100X300mmanwsmwummeal erekdneh t est ve penetr as)
l er i i -in uygun boyutlarda (30X100) giyotin
ol - ¢l eri Kekil 26de verilmiktir. Bu numunel e
mékt ér. Elde edil en yparmi &lrarydagne dainjadri zhi ri -nw
yutlara getirdi kten sonra sojuk bakalite ala
edil miktir. Yapélan -al é&kmanén kaynak par ame

kekil 2. Al én kaynakl|l & numunelerin test e
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Tablo3KAYNAK PARAMETRELERK

Numune No | Ak & m(| Debi(L/dk) Tel Heéz| KaynakHé z é ( ¢
1 40 18 6 1
2 40 18 6 15
3 60 18 6 1
4 60 18 6 15
5 50 18 6 1
6 50 18 4 15
7 60 15 4 1
8 60 15 4 15
9 40 15 4 1
10 40 15 4 1,5

ALI N KAYNAKLI PAR¢CALARI N PENATRASYONU

Kaynajén derinlifji (di Jeerri ybiijri ndieny, i ktlaeb ann¢ fn
tale ya da kaynak sérasénda ergimik bir ©°nce
natasyonu etkileyen faktorl er; akeéem, pol ar it
mas e, el ektrot -exidi, il erl éemel @ameéshezlkor uy
serbest tel boyudur [ enet rasyon °I| -¢ml eri Kekil 36de g
mekt éer .

0,738 mm

kekiAll éh. kaynakl & numunel erin penetrasy
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MAG Kaynakl é& TRIP ¢elijinin Mekanik ¥zellikleri

KAYNAKLI NUMUNELERKN ¢EKME TESTK
En yaygén test y°nteéemlseiindem kiksienel amger

uygul anéerken bir numunenin davranékeéné belir
bir mal zemenin geril mekGkledhékéeri Bu bebktr Im
pl astikler, el astomer | euermackk @jrét ,y akpoermp cézrietcléd re
l er , vb. dOhi | ol mak ¢zere -exitli mal zemel e
veya ¢re¢negn dayanabil ecefji maksi mum y¢ke¢e (ge
yaygén ol arak kullanél ér. eeaudadijeiske nasudzZwnrdlau kb
ol arak da T¢m emastleerbyidlilrer , bir atom toplul uj L
atomlarén yaylarla bajlé olduju g°r¢é¢nt el eme
Mal zemeyi -ekerken, atomlar ajrraisreinnmd aeklia sytaiyk a
kesmé d¢z bir -izgidir. D¢z bir -izgi, yék Kk
ger i d°necejini belirtir. Yani elastik b°lg
ye¢ke¢e kaldérérsanéz, mn8llzamé&ii ek dhuaneinfed ygea ki
erin -ekme test wuygulamasé verilmicktir.

kekiAll é/. kaynakl @ numunel erin -ekme t
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Mehmet CAKMAR&KAYA ¥ KuraAARSLAN

KAYNAKLI PAR¢ALARDA ESAS METAL, F} ZYON VE
GELERKNKN MKKRO YAPI SI

Met al ografi optik ve el ektron mikroskopi k
rin i- yapéséné inceleyen bir bilim daledeéer.
ve sécak iklemlerden kaynak ve talaxkleée imal a
| aréenéki neehemggul anér . Ayréca korozyonun mi
kapl amal arén kalénléejée ve ¢niformluju, kar bg¢
i Kl emlerinin mikro yapéya etkileri bu y°ntem
kalite kmateaoE -akéeMkikrio NMapéyAnaémdi t ekni]j
mel erin i- yapélarée hakkénda detayl é& bil gi s
-%°kel mesi, akérée tane b¢y¢gmesi, tanelerin y°
Ayr éca ffaze shagyywgiel,¢jteant ayi ni bu yent eml e y
Bu analiz i-in numune ana par-adan kesilir,
kal éeba al éenér parlateleéer, dajlanér ve mikro
mi kroyapéseée g°r ¢l mektedir.

keki |l E®Sas metal mikro yapése
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MAG Kaynakl é

TRI P

¢elijinin Mekanik

DENEYSEL

SONUC¢CLAR

Penetrasyon ¥l -¢:m Dejerl eri
Tablo 4. Al é&n Kaynakl & Numunel eri
Numune No Kaynak Boyu Penatrasyon Gaz bok
(mm) (mm)

1 4,087 0,596 Yok

2 3,915 0,582 Yok

3 4,089 0,766 Yok

4 3,998 0,653 Yok

5 5,363 0,936 Yok

6 3,452 0,482 Yok

7 4,895 0,738 Yok

8 2,858 0,384 Var

9 3,873 0,611 Yok

10 3,06 0,392 Var
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tekme Test.i Dejerl eri
Tabl o 5. Al én Kaynakl é Numunel erin ¢ekme
Numune Rm( ¢ ek me Fm( ¢ekm| L(mm) Ker el

No. Mukavemeti)(MPa) Kuvveti)(kN)
1 694 13,87 3,28 Gevrek
2 549 10,98 2,44 Gevrek
3 449 24,93 6,56 S¢nek
4 618 12,37 3,87 Gevrek
5 1266 25,31 9,61 S¢nek
6 499 9,972 2,92 Gevrek
7 1002 20,03 6,99 S¢nek
8 102 5,088 1,66 Gevrek
9 502 10,04 2,04 AzS ¢ ne
10 144 7,182 1,95 Gevrek
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Kaynakl & Numunelerin F¢gzyon Bl gesi ve |
Analizi Sonu-1aré

Akaj] édaki Kekil 6 6da Kaynak b°l gesi Ve
l.numunenimi kr oyapé g¢g°HManenzi(laggr i ,Fer.rniutmuneni n mi k
g °r ¢ nRegitl+eMartenzit( b ) , 3.numunenin FemtdMaroy ap e g°r (|

tenzit+Kaléenht #e¥dt anmuneni rrerrint Martenzitapé g°r ¢nt
(d) ol duj uedid¢ ke¢eneél mekt

kekiFlg z6p.on B°l gesi ve | TAB B°l gesi Mi kr oy

237



