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Meme ve Gastra@ntestal KanserlerHa s t a | a-2 Rar{RE2104R286)
Fonksstonel Varyanténén Araxkteéer el

Arakt é@érmacé FatlgPnoDrCe rhenr aTPLANGaenla é d@acé Sevd
Hasanof LProfPay & Ni | g ¢ %HhPrdf.RréSkcida Pehlivar
IKstanbul | niversitesi, Kstanbul TEeép
Kstanbul Aydén | nivseritesi
‘Bakérk°y Dr. Sadi Konuk Ejitim Araxkt@er

*Corresponding authoF at éma Ceren Tun- el

¥zeMeme kanseri, kadénlarda en sék g°r¢len ve d¢gnya -
°nde gelen nedenini temsil eder. ¢oju kanser gibi, m
bir hastal ékt éry.akMearmed kkudaksael réltesrailnikmbul edilir. Gastrc
en sék g°r¢len kegresel mal i gnitelerdir. ¥zofagus kan:
bunlarla da séneéerl é dej i | dadeni ile enfeksiydnlardal kematopokzdey el oj i k
homeostazda °nemli bir rol oynayan biyomolekg¢ll erdir.
karmakék i mm¢gnolojik fonksiyonl ar sergilegenh®kihgel a
resept°e2 ®&AH)agehtL, 10. kromozomunda bul unur. Bu geni
bazé miyel oid prek¢rserlerin, oligodendrositlerin \
proteinidir. -2BRA gaehérRemadat F62104286 fonksiyonel var
yatkénlekla ilikkili olup ol madéejé arakteéereéelde. ¢al ex
edildi.IL-2 RA genine ait rs21042383dncifrenksifosi g oh el k siayganp &r pa
polimorfizmi y°ntemiyle analiz edi l-8@RAgeneaites210428k ont r o
fonksiyonel v ajrey aantéesrechad aanl laenll asmd kel ébi r dgeén «tkiip (e l0l. &j1
(AAp: 0. 022) hasta grubunda istatistiksel ol arak anl ar
ol abileceji, AG genotip sékléejéné ise (AAp:0.022) saj
koruyucuu k hemde heterozigot avantajeéeyla ilikkili-olabile
2 RA (rs2104286) gen varyanteé analizinde karkél akt ér €
all ejle aelklsendan naml aomlnea deijré i(lpi:kOki677) saptanméexkt er

RA (rs2104286) AA genotipinin yatkénleékta rolg¢ ol abil
hastal arémézda g°zlenmi«ktir. Anéalktnidh&°hkhegybk habkts
yapélacak -al éekmalar bul gul arémezée dojrulamak i-in ge

Anahtar Kelimeler:Meme, @s, II-2 Ra (Rs2104286), Dna, R&flp

I nvest égatéon of th2 FancCR£>dIh®4 2 /eBr &ansttP aatfrédd G ass tWeéa énn
Cancers

Abstract The breast section collectively represents the most common and leading cause of cancer deaths among
women worldwide. Like most cancers, breast cancer is heterogeneously arrayed with different sections subtypes
About 510% of breast cancers are considered hereditary. Gastrointestinal system cancers (GIS) are the most
common global malignancies. It includes, but is not limited to, esophageal cancer, stomach cancer, and colorectal
cancer. Cytokines are biomoleeslthat play an important role in their protective, hematopoiesis and homeostasis
due to their biological properties. Interleukins (ILs) are secretory immunomodulatory proteins that belong to the
superfamily of cytokines and exhibit complex immunologigattfons. The human interleukin 2 receptor alpha

(IL-2 RA) gene is located on chromosome 10. The protein of this gene is a type 1 transmembrane protein contained
in active B and T formations, some myeloid precursors, oligodendrocytes and thymocytescasehiit was
investigated that the rs2104286 functional effects of th2 RA gene did not exclude a predisposition to breast
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and GIS cancers. 56 GIS, 37 breast cancer and 100 healthy control cells were included in the study. The rs2104286
functional efect of the IE2 RA gene was analyzed by polymerase chain ao#istniction fragment length
polymorphism method. While there was no correlation between allele risk values (p:0.211) in rs2104286
functional predictions of the {2 RA gene versus breast ataghtrol groups; AA genotype deposits (AAp:0.022)

may result in limiting spread as they retain their patient environment and exposure to their cells by exposure,
while AG genotype amplifications (AAp:0.022) may result in run results in healthy contro&htherotecting

their rights regarding both protection and heterozygote advantage. GIS patient and control groups opposed th
IL-2 RA (rs2104286) gene prediction analysis; It can be assumed that there is no evaluation for both genotjrpi2
(AAp: 0.411 and AG0.411) and allele risk (p: 0.677).

KeywordsB r e a s t -2 RaGRs2104286), Dna, R&flp.

GKRKK

Meme Kkanseri, kadénl arda en sék g°r
°l ¢mlerin °nde gelen mese@&enignibit e
tiplere sahip heterojen bir had40a € e
bilinen meme kanse#dAl ¢inl &ail et slil g heP nee mWwB8 ol
kanser.i Ple i li kkildi genl erin yan ra, genom
meme Kkanser. riskiyle ilikkild@ 170" den fazla ¢
mut asyonun meme kanseriorraingdkai niilni k&ritl ma scélyd uaj uy ¢bk
penetrasyon ile karakterize edilen iki ana gen,
(13. kromozom ¢zerinde bulunur). Bunl ar birinci
Belirtlen genl er i -indeki mut asyonl ar esas olarak ot
sporadi k mutasyonlar da yaygén ol arak rapor edil

Gastrointestinal sistem (GKS) kanserleri en sék
kane r i ve kol orekt al kanserini i -erir k bu
yaygéneé ol an CRC (kolorektal kanser), OCAN

her i ki cinsiyette ipBsiadaséeéndaasé dsed,
Son arakteéermalara g°re, t¢m gastr0|ntestina
ctén i -menin yané séra enfeksiyon, diyet ve
eden ol maktadeéer (5).
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kinler, biyolojik °zellikleri enfeksiyonlard
mol ek¢l I erdir. Knterl°kiné | er (1rL), sitoki
siyonl arl asyéacd |liemmaann smd el at °r proteinlerdir
tta hayati bir rol oynmnayan h¢gcre migrasyonu,
r i mmeegn si st emdeki h¢gcrel er -Aa@L&9 € pil lagtmak izme &
unur vV e nor mal dokul ar da, endot el h¢e¢cecreler
iyokimyasal olarak, IE2 r esept °r 2R mplfak kil é( Ivle il gi siz genl ¢
alt birimi LQUgsretiyi kagksail af4k. meme kanser.
[ il erl emesi yl-2IL-2IIL-RRKki(lresaipti®©lrmi kktoimp | @Kk)s.i
bajéekékl ek yanéteéeneén dézenl enmesi nde axmsinyd e zi b i
transdg¢gserl eri ve tr a9BAT) prsiiryode alktt i vaddjuebir
tetikleyen bir sitokindir (8).
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IL-2 Receptor-Expressing Cells:
T cells, B cells, natural killer cells,

-2 monocytes, macrophages
IL-2 R alph a
‘\
IL-2/IL-15 R bet Common gamma chain
P T T T
A o ool © i
/f./’:'/’/ yd e [ ""““---:'_‘_:--._.‘ 13
e / 1 [ g e
o / \ IR o)
” { \ ¥ | N GRB2 ~
[ \. STATL | STATS she - sos Ras
. . 9 e
] R ' g N,
sTATE =P
Ra
f/
, ., p70 56K |
A?(t,-’lg?(B STAT Dimer MEK?-’Z
AN 0,0 )
/ . ff '.'
GSK-3 v /
| / ERKlqz «——{Mitogenic

Anti-Apoptotic

2012 RED Systems, Inc.

G°r sdll2 1Si ny al Yol akl aré (9).

IL-2 R, yé¢ksek afiniteld I L2 resept®reé¢gng ol ukturan
(CDh25) , I L2 sinyal komplekS|ni aktive -Rdfaat kt en s
birimi2IL2B-at &biri mi nimt emur.eyl{jzinpciodiunin b ve 9o
IL-2 i -in b ve o0 zincir resept°r¢nden -ok daha vyg¢
resept®r¢ taraféndan antijen tanénmasé,ondnb2 geni
aktive etmek i-in-lgeeelNlFioBolgami NEABNsSKPIi psi yon
aktivasyonunu ind¢kIl er. ¢al exmal ar , promot®°r b©°l
hatta muht emel en ©°t esliinmoer fyiezrmlaelrainnit e(kS NP kil eero)t iitt
I L2 transkripsiyonel ©°zelliklerine katkéeda bul un
al fanén (CD25) inhibisyonu, TCR ©°ncesi idirivayal |l er
daha sonra olgun T h¢crelerinin spesifik yaneéeté
polimorfizmlerin ¢l seratif kol it enfl amatuar b ¢
il kki @i ol dujunu)] L@aRsal fh2vaegapt?agénéantip |
il kki @i ol dujunu g°stermiktir (10).

Knterl°kin 2 (1L2) resept°r¢ alfa (IL2RA) ve be
birlikte y¢ksek afiniombdi meRi keakpha®eingiol aktu
resept®rle sonu-1lanérken, homodi meri k beta (1L:
Nor mal de bir b¢etenl eyici zar proteini ol an -°z¢
kaynaklaml € € bel irl enmi Kkt i r. Alternatif ol arak ekl et
birinin ©°nemi Ku anda bilinmemektedir. Bu gendek
il i kkilidir Yeni Ki ddet |2Znin¢(RRSCoVR2 )|l mrudmns oh dmud mi
Coronavirg¢s Ha s t-1a9 )é ] B a t0dll9a r(éE@WI Dpl azmal ar énda
seviyeleri varder . Benzer Kekil de, -2fRa rdk¢lzée yk aerrsiini
yé¢ksek ol dujru bBuellunrmuktl L2ZRA ve | L2RB gen pol i me
ilikkilendirilmiktir (11).

K n s a-h geni, 14926 kromozomunda bulunur-2L geni nde i ki tek n¢gkl eot i
tanémlanmékt ér. Bunl ar d3a3n0, bTli/s@ 0pBEHMAY) rdbP EgEesiasa
bakl atma kodonundan (+ 114 T/ G, rs2069763) 114.
nazofaringeal karsinom, mide kanseri, hepatosel ¢
gibi kanserlerek ar k€ artan duyarl el ékla ilikkileBRdirilm

genindeki iki SNP (rs2069762 ve rs2069763)illeMbon dgki n Lenf oma ( NHL) r i sk
ar akt ér &l (eEeI768)rpolimarfizminin varyant genotiplerininp k't r ol | er e keéyas
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hastal arée arasénda °nemli °] -¢de daha sék ol duj
riskinin artmasé ile ilikkili olduju g°steril mick
Knterl°kin 2 resept®°r alfa (1 L2RANPIleg,ehlbodebe, k i t el
rs2104286, rs3118470, rs41295061 ve rs706778 dat
°ne s¢rel mkRArgéebhB) rskPLO@2BHk lvao tyiatnt denjdiak iIAmi g e
katar ve - exliitclkii Iheansdtiarliékilrar r(llad)i. | 14
Bu - al ékmaRlA,genine ait rs2104286 fonksiyonel v
yatkénl éekla ilikkili olup ol madéjée araxkteéereéel de.
MATERYAL ve METOD

¢tal ékxmaya, 37 meme kanser.i o | g u snide) kaeserboyusgvees t r o i |
100 sajléeklée kontrol dahi | edi |l di . EDTAGl & t¢epl e
| °kositlerden de genomi k DNA izole edil di

IL-2 RA (rs2104286) polimorfizminin genotiplendirmesi Polimeraz zincir reaksiyestiiksiyon
par-a uzunl uk -BBLPMoy® htzemi (PR Ryle r(-resk2l1e0k4t2i8r6i)l di-
dizileri ise; Forward:; 85CA GGT GTC AAC GCA AAA AG3, Reverse:HCC CTG GAATGT CAC
TGATG-3 keklindeydi . ¥rneklerkenzkemsi mull anal dee( Re

El de edi | ekare test ite anallz adildi. k i

Resim.1lL-2 RA (rs2104286) PCR ve Kesim ¢reénle
(1: Belirte-, 2: PCR ¢r¢é¢gng¢g (288bp) 3,7: GG,

SONUC¢CLAR ve TARTI kMA
Meme kanserivk ont r ol grupl ar & v e2RAQenineiait rk2a0428@fonksiyand r €1 d é

varyant enpéa aalélseélndsaaéklaénl aml & bir il ikKki (p: 0. 2
(AAp: 0.022) hasta grubundaeiatatiepei kseebuobarh&s
i Kkl ol abileceji, AG genotip séekleéejene ise (
ve bununda hem koruyuculuk hemde heterozigot a
(¢izelge. 1).
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¢i zelMeemel :kanser | i hastal ar 2e RAapgkeakhivarkant eokhenl &
seéekl ekl aréenén karkél aktéreéel mase
Genotip MEME Kontrol P
n: 37 (%) n: 100 (%)
AA 11 (% 29,7) 13 (% 13) 0.022
AG 26 (% 70,3) 87 (% 87) 0.022
GG 0 (% 0) 0 (% 0) 1 | 15
Allel
A 37 (% 58,7) 100 (% 53,5)
0.211
G 26 (% 41,3) 87 (% 46,5)

GKS hasta ve RKRomA oflr s@riwpl2a8r66) Iglen varyanté anal
hem genotip (AA 0.411 ve AG: 0.411) hdem deéesachedn sakll @ml e bir
(p: 0.677) saptanméektér (¢Cizelge 2)

¢i zel@KeS %kcanserli hastalar ®e RAajgeakivarkamt ealeheml &1
sékl ekl arénén karkél akt ér &l masé.
Genotip GIS Kontrol P
n: 56 (%) n: 100 (%)
AA 10 (% 17,9) 13 (% 13) 0.411
AG 46 (% 82,1) 87 (% 87) 0.411
GG 0 (% 0) 0(% 0) 1
Allel
A 56 (% 54,9) 100 (% 53,5)
0.677
G 46 (% 45,1) 87 (% 46,5)
Sitokinler, biyolojik °zellikleri enfeksiyonlard
bi yomol eke¢l Il erdir. Knterl°kindéd |l er (1L), sitokil
i mm¢gnol oj i k fonksi yaommgmosmrdgil lad Y e pgradttggdrmd yadaladd r
meme kanseri i-in tedavi edilen hastalarda meme
Xiao-Boveark. 12 geni ndeki polimorfizmin artan meme kail
hastnalp&joeggnozu i-in bir belirte- olarak kull anel
il erl emi k meme kanserinde insan ep2dahipnaaklériesy¢n

eksprese edenve negatii a st al ar é -ZnmHER2hhistwad afrlenda kanserin
gel i Ki mini etkileyebilecejini bil dirdi2 -taxlkgeéeher

kanetlade (13).

Japonya'da yapeéel2aRlA WMi¢grzeybhkeékman wmkeLast az ol uku
gesterdi gzl emlemi ktir. Ot uz vy e-2RA sepiyelermiplemfr at i f

d¢j ¢m¢g metastazé, uzak met ast az, °strojen ve p
hi stopatolojik tip ve evre drupleamds &kdalkrinldi o lmmak
ELI SA il e-2RIA- sleen ylller i, evre |11 ve |V meme kal
g°re anlaml é der-2RAdsedaphal gpkseksahLp ol dujunu
ve IV hastaledakisI-2 RA seviyeleri, evre | ve |1 meme kans e
Literate¢rde GKS-ZkagnesneiryIIie hialsgtiallia rydaap éllLan - al &k ma
sitokinolanIL7 6 ni n - al ekeél dejée GBekansien|l izboagas ar miad
kanserl erde (GKS) akeér

€ eksprese edildiji ancak
mi

EC hastalaréenda sistemi k-7dgktdvfila tremit eHi | heky
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Sonu- Meraerkanderjinde 12 RA (rs2104286) AA genotipinin
ancak GKS vakalarénda anlamleée bir il iatkd nbhbay ©H m:
-al ékma gruplaré ve farkl e etnik k°kegul ar ehnaészt é:
dojrulamak i-in gereklidir.
KAYNAK¢A | 16

Fisusi FA, Akala EO. Drug Combinations in Breast Cancer TheRipgrm NanotechnoP019; 7(1):
3-23.

Huss L, Butt ST, Almgren P, et al. SNPs related to vitamin D and breast cancer risk:cartesle
study. Breast Cancer Re2018; 20(1)

Gukasi ewicz S, Czeczel ewski -EpidemiBlogy, nikisk FAagtors, e t a l
Classification, Prognostic Markers, and Current Treatment Stratagiédpdated ReviewCancers
(Basel).2021; 13(17): 4287.

Bednaz-Misa |, Diakowska D, KrzysteKorpacka M. Local and Systemic L Concentration in
Gastrointestinallract CancerdMedicina (Kaunas)2019; 55(6): 262.

Arnold M, Abnet CC, Neale RE, et al. Global Burden of 5 Major Types of Gastrointestinal Cancer.
Gastroenterology2020; 159(1): 33849.

Dmitrieva OS, Shilovskiy IP, Khaitov MR, et al. Interleukins 1 and 6 as Main Mediators of Inflammation
and CanceBiochemistry (MoscR016; 81(2): 800.

Fasoulakis Z, Kolios G, Papamanolis V, et al. Interleukins Associated with Breast Cameeis2018;
10(11): 3549.

de Ara%¥% o Santos FJ, da Silva LS, J¥Wni or JDES, e
2, IL-2RB, and JAKS in patients vhitcutaneous leishmaniasis caused by Leishmania (V.) guyanensis
in Manaus, Amazonas, Brazi#LoS One2019; 14(8): e0220572.

https://www.rndsystems.com/pathwaysf@nalingpathways.

Huang X, K¢ hne Witro cananteridaftod of nogehd fundtional Fegulatory SNPs in
the promoter region of IL2 and IL2R alpha in a Gabonese popul&id@. Med Genet2012; 13:117.

https://www.genecards.org/egin/carddisp.pl?gene=IL2.

Mousa SM, Makhlouf MM, Mohammed ET, et al. The Influence of Inteite@kGene Polymorphisms
on the Risk and Clinical Outcome of Néfodgkin Lymphomalndian J Hematol Blood Transfug021;
37(4): 549554,

Abou El Ella SS, Tawfik MA, Mohammed ZS, et al. PTPN22 gene and IL2RA rs11594656, rs2104286
gene variants: additionahsights of polygenic singleucl eot i de pol ymor phi sms
Egyptian children with type 1 diabetes. Egypt Pediatric Association Gaz. 2021; 69&5): 1

https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php.

Fasoulakis Z, Kolios G, Papamanolis V, et al. Interleukins Associated with Breast Cancairs.
2018;10(11): e3549.

Kuhn DJ, Dou QP. The role of interleukreceptor alpha in cancéiront Biosci.2005.

BednarzMisa |, Diakowska D, KrzysteKorpacka M.Local and Systemic H/ Concentration in
Gastrointestinallract CancerdViedicina (Kaunas)2019; 55(6): 262.



W, W)
K/ 15. UBAK, 1718 December 2022, Ankara(/
UBAK UBAK

Presentation ID / Sunum No: 119

OralPresentation / S°zIl ¢ Sunum

ORCID ID: 00060001-6787%2565

| 17
Mi k r o t¢ik Bldstalardg Leptin ve Leptin Reseptr Genlerine Ait
Fonksiyonel Varyantl arénéen Ar al
Arakt ér macé FatléPmiDrCe rMenh nTeutn -Beersf.Brr SacideReflivant
IKstanbul rniversitesi,Kstanbul Teép F
2Kahramanmarak S¢t-¢ Kmam | niversite:
*Corresponding AuthorFat é ma Ceren Tun- el
¥zeMi:krotia kulak kep-esinin dojuktan tamamen ya da b
6000 dojumda bir g°r¢l mektedir. Yapélan -al ékmalar mi
nedensel bir geneti k. mMitlasgwbina biell € rli éd gmeé mi ktapél an
preval ansénén b°lgeye, érka, cinsiyete ve hatta rakéen
ve geneti k fakt°rler araséndaki dtalsit lad l€ikmléeer. i Bud a hail |é
ajéerl éjéenée d¢gzenleyen adiposit spesifik bir hor mon o
genl erine fonksiyonel varyantl areéenén mikrotiaya yatk:¢
omayan 18 mikrotialé hasta ve 35 sajl éklé kontrol da
I

varyant!l ar€ egtodii lmeirywan zparcd a UWREWBPK Isu k o p W

y°ntemiyle analiz edredLEPHassada7000B®Nnt gelnh gauplant & a
0.005 ve GAp: 0. D& 59 - éhseém ddaen aalnllepuml 6ep kbDi &r0 1i21) i kskaipntiann nmo2l
hasta grubunda Hardy Weinber Dengesindeinanslaép maz agl°é
koruyuculukla, GA genotipindeki anlamleé artékeén ise Yy
grupl aré karkél aktéréldéjénda LEPR (rs113710%5%¢ fonksi
a-éséenhhéa bntailikki (p:0.201) saptanmamékteér. Ancak,
anl aml é& sapma bulunmuktur (p:0.046). Literatg¢grde LEP
arasénda yapélan il k -(@2%®4«8naG/oA)upf cral fikynamelz dgaer EWar y
yatkénl ékla ilixkkild@ ol abil eceji gesterilmicktir. Dah .
-al ékmal ar bulgul arémézé dojrulamak i-in gereklidir.
Anahtar Kelimeler:Mikrotia, Lep (2548 G/a), Lepr (668 A/g), Dna, PRflp

|l nvest @égatéon of Functéonal Varéants of Lepteén and Leé

Abstract

Microtia is a condition in which the auricle is completely or partially undeveloped froth. Hir occurs in
approximately one in 6000 births. Although studies have identified some candidate gene variants for microtia, no
causal genetic mutation has been identified. Epidemiological studies on microtia show that its prevalence varies
depending omegion, race, gender, and even altitude. Microtia is a multifactorial disease in which interactions
between environmental and genetic factors may be involved. In this study, it was investigated whether functional
variants of leptin (LEP), an adipocyspedfic hormone that regulates body weight, and its receptor (LEPR) to
which leptin binds are associated with susceptibility to microtia. Eighteen unrelated patients with microtia and 35
healthy controls were included in the study. LEP gene rs7799039 and ¢&Rs1137101 functional variants

were analyzed by polymerase chain reactiestriction fragment length polymorphism (PGRLP) method. In

the LEP (rs7700039) gene variant analysis of the patient and control groups; It was determined that there was a
significant relationship (p:0.012) in terms of both genotype (GGp: 0.005 and GAp: 0.005) and allele frequency.
However, no deviation from Hardy/einberg Equilibrium was observed in the patient group. It was observed that

a significant decrease in GG genotypry be associated with protection, while a significant increase in GA
genotype may be associated with susceptibility. When the patient and control groups were compared, in LEPR
(rs1137101) functional gene variant; no significant relationship (p:0.201)faaisd in terms of both genotype

and allele frequency. However, a significant deviation was found in patients in terms of Hardy Weinberg Balance
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(p:0.046). It is the first study in the literature between LEP (2548 G/A) and LEPR (668A/G) gene variants and
microtia. Studies with larger study groups and different ethnicities are necessary to confirm our findings.

Keywords:Microtia, Lep (2548 G/a), Lepr (668 A/g), Dna, PRflp.

GKRKK | 18
Mi kroti a, mbriyoni k akamada birinci ve i kinci a
dek ve orta k u Iajé konjenital bir mal formasyonu
yumukak doku di splazisi vekdi ki fetdebialriaf |l Eekol adi
deformitesinin derecesi hafif yapésal anor mal | il
Yapél an epidemiyolojik yaygéenl ék araxteérmal ar é,
yé¢kdeae je bajl é olarak dejiktiJini g°stermektedir
durumu ve annenin yakeée, ejitim d¢gzeyi, annenin
il a- kull anéemé, gebel i k siénrsaisdéanndsa osriagnaé a¢ zi e-rmen dve
sahiptir. Gebelijin erken d°Pneminde yéemensai z f ol
hem de hayvan modell erinde mikrotia i-in farkI e
yardelmere ve durum i-in ortak bir nedenin belirle
Leptin, hi potal amusta vyer alan resept®rler czer
dé¢zenl eyen, beyaz yaj dokul aréndan <geanimZdbeaanan bi
sinyal pept i-ahitortui prefpreor mminu bé arak ¢retilir ve en
l46aa pepti di ol arak salénér (3). Knsan | eptin g
proteinini kodlar. Lep geni K i i nt rkgnl e kazymalame!| celkwKd werr vag ér | éj é
Knsan | eptin mRNA'"sé, 21 aa kaleéenteéeleée bir sinyal
3.5 kb uzunl uepagenssakhamemied i ( 4)y. arasénda yLERsek or
proteini endokrin iklev olarak, bajéekékl ek ve e
anjiyogenezde, cremede, kemi k ol ukumunda, hip
dé¢zenl enmesinde Ve yar a iyil ekxkmasienée Hoolmomyijé
Leteinlektirioci Hor mon (LH), Adrenokorti kotropi
(GH) sekresyonlarené da etkilemektedir (6).
Leptin gen varyantl areéeyla il gil:@ -ok saytnda - al ¢
geninde tanémlanan, bizim de bu -al exk®2M8GA i ncel e
polimorfizmi, rs7799039) en -Aokikhkeékédadeféeki Mmv
buna bajl é ol arak mRNA @ahbhunp&)ancedéna neden ol mak

Chromosome 7

Promoter region 10.5 kb 2.3 kb
s e ey

|

: 1
«__ "2548C/A A19G =

—
LEP (~20 kb)
Three exons, two introns

GO r s édptineni (9).

fizyol oj i
) araceéel éj

)
]
=5 ~
= 35
o X

etkisini sitokin refRelpaktar ail e
|l a g°sterir. LEPR geni 1p31' de

o

y
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al eémené ve v¢icut ajatl Ejegeéi kobntdolri ;mt mekiani nmg
birlikte, il eri -al ékmal ar , LEPR'" nin beyi n, pl a
karacijer, akcijer ve kalp dahil ol mak ¢2ere dil]j
LEPR geni mut asyonl aré insanvYeaeeéhaywvanl @éxdal alk de
t ek negkleotid polimorfizmlerinin, di yabet , hi g
kanétl anméxter (11). Bu -aIfiz‘mkﬁGSd\/&B(rsall3i]101t).éB|udé]9émé

: , . \ a ) . |1
polimorfizmde AG n¢ kl eot it deji kimleri sonucu missence ¢

/ \

LEPR (~70 kb)
20 exons (two noncoding)
Proposed mRNA transcripts
(Lel;fgg'gré_"&) =XVl
e R ——
(LEPRa.c.d) =XV )
¢ sso"'a":?___:eo:"fgg:; 5 =XVl
(exon 6)
G°rsélep2in Resept®r Geni (LEPR) (9).
Leptin resept®ryg¢, ana sinyal yol u ol aryalkhunJ anus
aktivat°r¢gneg kull anan seéeneéef I sitokin resept®©or
aktivasyonu, JAK/STAT, RAS/RAF/MAPK, IRS1/H K , PLCo ve AMPK/ ACC modygl
mode¢l I erini aktive eder (13).
W i
iy /
PI3K/Akt $
Pathway MAPK
({ﬁ :I:{:;:; gu‘&t’ @/ Pathway
/) S dBs N\
Gorsélepd3in Sinyal Yolaklaré (14).
¢tal ekxkmaméezda, LEP ve LEPR'YyI kodl ayan genl er de

mi krotia hastabhlatébdaéegpéoldmapeé] en&i &i awtd @pmayé a
MATERYAL ve METOD

¢tal ékmayd maglkmahla8 oni kroti al @& hasta ve 35 sajl ék
al énan kanl ardan °nce | °kosit i zol asyonu, el de e
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Leptin geni (LEP)-2548 G/ A (rs7799039) ve Lep(rsliB710lpsept ° |
polimorfizmlerinin genotiplendirmesi Polimeraz zincir reaksiyone st r i Ksi yon par - a
polimorfizmi (PCRRFLP) y°%°nt emi il e ger-eklexktirildi

Leptin geni (LEPX2 548 G/ A (r s 7 fTBTCOTEBAATTITCICAGTEBA@B® ve R: 506
AAAGCAAAGACAGGCATA AAAA-3 6 pri mer diziler kull anéel dé v
i K| e mi ger-eklexktirildi (Resim. 1) (15). | 20

e

Resim.1LER2548 G/ A b°l gesi PCR ve kesim ¢reéenloerii (1: Bel i
4: GG, 5,7: AA)

Leptin eriseptEPR) 668 A/ GGCATAATACAGTATTTJATATETGn F: 5
3 ve R: 506 GCCACTCTTBATACCOECAG@TAC | erive Mspl k
(Resim.2) (16).

Resim.2 LEPR 668 A/ G b°l gesi( 2P®R 50 ,KLONi0MD -r, ¢ r2l: e rPICR( :
AG, 5: GG, 9,10: AA)

El de edi | ekaretestve Hardy\Weinberly Dengesi (HWEp) hesaplanarak analiz edildi.
SONUCLAR ve TARTI kMA

Mi crotia hastalaré 9 erkek 9 kez olarak -aleéexeld
LEP (rs7700039) genvay ant € anal i zinde hasta ve kontrol gr
(GGy: 0.005 ve G4 0.005) hej dde éalelhdlansakl @qunp:@012p i r il
saptanmécxkt eéer . Mi crotia hastal ar é Kkld, &A gedindek n ot i pi
anlaml é artékén ise yatkenl ékla ilikkili olabile
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VE® (rs7'20P0B% deth & r Ysaenkitl @8 g |éInerm

ar a
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(p:0

Genotip Microtia Kontrol P
n:18 (%) n:35 (%)
GG 4 (% 22,2) 22 (% 62,9) 0.005
GA 10 (% 55,6) 8 (% 22,8) 0.005
AA 4 (%22,2) 5 (% 14,3) 0.073
Allel
G 18 (% 50) 52 (%74,3)
0.012
A 18 (% 50) 18 (% 25,7)
Hasta ve kontrol gr uplrelt3g10)k aornkkesli aywotnérl é | gdeénj éwnalray :
genotip heméde-@gkskeadaséhlnhéamlée bir i i Kki
Wei nberg Dengesi a-éséndan ise hastalarda

¢i zelMiekr2o:ti al €eajhlagklaé¢ akoREPRI (sl aBd4& &teikd g

karkeéel akt ér el masé

Genotip Microtia Kontrol P
n:18 (%) n:35 (%)

AA 8 (% 44,4) 24 (%68,6 ) Ns

AG 10 ( %55,6 ) 10 (%28,6) Ns

GG 0(%0) 1(%28) Ns
Allel

A 26 (% 72,2) 58 (% 82,9 ) Ns

G 10 (% 27,8) 12 (% 17,1 ) Ns

HWEp 0.05 0.97
Sonu- olaadrexkkmamez | iterat¢rde LEP (2548 G/ A) ve |1
araséenda il ikkiyi araktéran il k -aléxkma olup - al
ait GA genotipinin microtialmakyatkebDbhbalhb¢vikkk
ve farklé etnik k°kenlerle yapélacak -al ékmal ar ,
ilikkisinin daha ayrénteéelé ol arak kavranmaseéna Yy
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Elektrde Daj ét é m» & e b B & k dGetierataal akind Kal de
Parametreleré; z @e Etkder&ar Kicelenmesg-
Araktérmacé Kerim Kaya
Yeki |l ér m®laj EE €kt Al K
¥zetl:kemi zde El ektri k Dajétém kebekelerinde tedarik s
edilen ¢- ana baxkleéekteéer. ¥zellikle elektrik dajeéetem s
teknikk al i t e takibi yapél maktadér El ektri k Dajétém Si st
incelenen teknik kalite parametreleri Etkin Gerilim
¢° kmesi (G¢e) o6dir BuinedarEGD-ven GBngar aamj er toplam
olarak belirlenmik ve gerilim -°kmesi parametresi -
EN50160 standardeée -4-20-€Clvass nAles é adXfeeld@iN-Oe kall @ imasli e dé h.a
dajétém Kebekesinde yapélan bakém -GO&kimad aegréinrfeen d tekk
i ncel enmi kK

ol up sonu-1|ar é payl akél mekteér . Sonu-1ar
faaliyetlerinin teknik kalite parametreleri (EGIBD-G ¢ ) czerinde ol duk-a ©°nemli b i
ger ¢l mektedir.

Anahtar KelimelerDaj et ém Si st emi , Tekni k Kalite, G¢- Kalitesi
Gerilim ¢°kmesi, Bakém

Il nvest egatéon of the Effects of Maéntenance Actévet
Déstrébut @on Networks

Abstract Continuity of supply, technical quality, and commercial quality are the three main topics that are
followed meticulouslyin electricity distribution networks in our country. In particular, technical quality
monitoring is carried out within the scope of the procedures and principles related to the technical quality of
electricity distribution systems. The technical qualitygpaeters examined within the scope of the procedures and
principles related to the technical quality of the Electricity Distribution System are monitored as Effective Voltage
Change (EVC), Voltage Unbalance (VU) and Voltage Collapse (VC). Here, thediost for the EVC and VU
parameters is determined as 20% of the total number of annual weeks received and is accepted as 35 every week
within the voltage collapse parameter. Measurements should be taken with IE€B300Dlass A class power
quality deviceswithin the framework of EN50160 standard. In this study, the effects of maintenance work
performed in the distribution network on technical quality parameters (EUM&/C) were examined and the
results were shared. When the results are examined, it istlsaetihe maintenance activities carried out in the
Distribution Network have a very significant effect on the technical quality parameters\(BWCC).

Keywords:Distribution System, Technical Quality, Power Quality, Effective Voltage Ch¥liojfage
Unbalance, Voltage Collapse, Maintenance

GKRKk

G¢- kalite parametrelerinin takibi standart ve vy
kalitesi a-éséndan probl emaj!| aamd&thdchare Egte@&mpi ki
Sisteminin teknik kalitesine ilikkin usul ve es
Etkin Gerilim Deji«ximi, Gerilim Dengesizlifji vV e
Kebeke i kletmecisi t ar eefirddalBGH0EE3NS OCL 6a0s ss tAa nsdéanr édf &
ci hazlcdr&l mBgt edderl i[kmi k °1 -¢m teknolojileri daj

getirmek i -in g¢- sistemlerinde kendine yer bul m
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ekmomi , ge¢venilirlik ve g¢- kalitesi dahil ol mak
yapél abi |l Daj téem kKkebekelerinde ©°nceliKkli ol ar ak
kapsaménda dejerlendaylydelk yhpehbkr glenbhftialcek en
Burada haftal ék rapor dejerlendirmesi sonucu g
noktal arda sorun tespit edi |l mesi halinde birin
kapsaména .alYapmakanadbéuwr - al ékmada teknik kalite °
noktal arénda bakém -al é&kmal aré ger-ekl extir i 24mi
parametrel eri czerindeki deji kimler g°zl emlenmik
MATERYAL VE Y¥NTEM

Dajéetéem kKebekelerinde g¢- kalitesininetmekiedrn mes.i
[2]5]. Tekni k kalitede enerjinin dai mi ol mas e, ger i
ol ukan parianziint sséinnéyrallalrl eéir- eri sinde ol masé isteni:
Toplam Har moni k Bo z u n-4garlimharddikleri ol&rdk inéelerrmektedir. a k € m
21.G¢ - Kalitesi Parametl eri

Gerilim Ggkimeismin bir tam dalgadan daha wuzun bi
dejere d¢g¢kmesi dir.

Gerilim YgGeksel memmsn: bir tam dalgadan daha uzun bi

dej ee kma|é|d]er

Gerilim Diismesi Gerilim Yiikselmesi Kesinti
I 1

|
)

T
QUL i

o

k e k iSagSwell grafic el g°sterim

AG seviyes254iV- iar a2s0e8 \k a b u | edil ebi | i-20005vl6kvy edi r .
20kv) arasé kab[dl edilebilir seviyedir
Gerilim D&hgegsoni plirjiyodu boyunca °1 -¢len gerilim

daki kal ék ortal amal arénén en az %95¢7W.nin pozitif

Vel Vb2
Val Va2 \ \ \
Vbl Ve2 Va0 Vb0  Vco
Pozitif Bilesen Negatif Bilesen Sifir Bilesen

kekiQer2i:l im Dengesi zl| ifji Parametrel eri
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Harmonik: Doj r us al ol mayan y¢kler veya gerilim dalga
bozul mayka bujrr aamdét ernati f akem veya gerilimde, an
ol ukan sing¢gsoibitigZ. bi l ekenl erin her
THB (Toplam Harmonik Bozulma): Ger i | i m har moni k bil exkxenl erinin
toplaménén karekhkPhk¢siattkhinadeaj il e« orané ol an ve
ol arak i fade eden ve akajeéedaki for mg¢gl uyarénlczg h

dejerler dohil ywygonl[7fhaeglta % 8 ol ar ak

oo
a U,) (2.1)
THB, = —“=2U x100

1

Fliker: Y¢ kt e ki dal gal anmal ar nedeniyle ortaya -é€ékan
a-an 50 Hz adalecmndedilliargeeddarl i m

Uzun S¢r ePlit :FIKkkierstaatl i k zaman aral éjé& boyunca ¢
akajéedgkiuyarenca hesaplanan fliker «kKiddet:i ende

2.2)

Késa S¢r €Isit : FLOkemaki kal ék periyotlarla °1-¢len f

Fliker Siddeti Stmur Degerler |

Endeksi

Py <10

Py <0.8

kekiFll ikX.er ki ddet:

BULGULAR
Yapél an bu -al ékmada EI| «latlriitlesDajeétidmkXKii it exrmiun i r
incelenen teknik kalite parametr edi3r iCl BENS0 1A6 G EMté
kalite cihazlaré ile °I|l-¢l mekte ve enerji pl atfo

Fwﬁw WJ /r\M /W% /ﬂ\; V/ J\w
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keki¥lrneek Class A cihazlar ve Enerji Y°netim

Tekni k Kalite °1-¢m¢ al énan bir nokta EGD ve G¢
nedenle ilgili nokta bakeéem ka plsia ntéinhasozaéting jntoeckxéee! logé
he¢cresi t er mal kamera 91 ¢ i cheved esiimn ke vieé shmgicr ¢ a e
Kesicildi h¢cre deji Ki mi yapélarak hg¢gcre i -erisioi
dekar | gi déeead I'imi kvetren AYlr- ¢m noktasé ile irtibat
al énéep tespit edilen sorunlar giderilmicktir.

Yok

kekiBlak®®®m sonr asé kamera ve kés
¥l -¢m al @énan bir bdhdakaemiolkitmada® lhad t ade&s daZb ¢ ze
takip edildijinde |limit dejerlerinin ¢zerinde seE€
incelendijinde Enerj.i nakil hatté ormanl é&k al an
ol duju g°r¢l megktegr. Ayréca hat ge¢zergahé&égzéekr i nd
ol anl ar tespit edi-baj ksaremBar&ayemioké mmiak sié k &

Bakém ¥ncesi Bakém Sonrasé
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pel an bakém faaliyetleri ile toplam gerilim -
|l ekma bakarelé bir kekilde tamamlanméxkt ér
-¢m al énan farklé& bir noktada EGD ve gerilim -
t gezdraakam faaliyet.i kapsaména al énméext ér . Kl
kmesi yg¢zdesel di | i mi keki l 6 payl akéel méext eéer

| 27

Min
100

emo® ee oo o
80 z’ -
60

°
40 ? o
0| o e
0
0 0.2 04 06 08 1 W0-5 W5-40 W40-70 W70-80 M80-90
kekiYl¢ ze6desel gerilim -°kme grafifji

k artéekéndan kaynakl é& ol araRBugeni &ilmi prioki éi al
kmel erinin derinlik ve s90 edrealié]jyéunkdaar éyda] ugnlrask
kem faaliyetl eri ile aja- kesi mi, izolato°or kel
der ¢ mnagr inmdke kail arriéndaki manevral ar daha opt i mi
rametrel eri iyilexktirilmicktir

uc

é
e
[

e

I
I
t
r

a
e
e
I

VE ¥NERKLER

n bu -alékmada El ektri k Dajétéem Sisteminir

nen teknik
ci hazl ar é
endir mel er

kalite paramet r ed3er iCl BN50 1A6 & €NtE
al enanGDG&Rnike]lalietnaei Pil - pimk teir
-er-evesinde Teknik kalite par
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farkle °1-¢m noktasé bakem faaliyetleri kapsame
k a ps amé nY+hatkabirzhosl carte vb. bakeéeml ar é yapél mecx vV e
incelenmi ktir. Enerji naki |l hatté g¢zergahénda
yuvalleayléek yuval aré uygun noktal kradial é nmé ktéasme /
gideril mi kK --véekéekr akfaob | @i rbhakk | ékl ar é vV e dijer baj
g°r¢nt ¢l emesi yapélarak bakém °ncesi ve sonraseé
Etkin Gerilim IDenjid&°kmesvie pGerrametrel erinde %58 vy
kebekede fozdeelrl i kkeri ndeki ring noktal aréendaki
ger-eklektirilerek hem Etkin Gerilim Defj%5Qi mi he
yakén iyilekmeler kaydedi |l mi ktir. Bu -al @ékma sa
keyaslaxma émé °I| -¢1l m¢gk olup dajétem kKebekesinde ¢k
sahip olduju ortaya koyul muktur.
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Lyapunov Stability and Passivity Analysis of a Certain FourthOrder
Elliptic Filter
Do-. Dr . Muzaffer Atecxk
Van Y¢gzeéencyeg YeélI iniversitesi

Abstract This paper utilizes the Lyapunalirect method to offer the global asymptotic stability and passivity
analysis of a fourttorder time invariant Elliptic filter. An Elliptic filter consists of an interconnection of resistors,
inductors, capacitors and an exogenous input voltage. The maticaimmodel of the system was obtained from

the RLC circuit. RLC circuits play a superb role in the stability theory. In applications, they give suitable properties
of stability. The Lyapunov function obtained from the RLC circuit is a natural storagtofuthat satisfies the
dissipation inequality. Inductors and capacitors are the energy storage elements of an RLC circuit. The obtained
energy, storage or Lyapunov function is decrescent, positive definite and readily unbounded. We also prove that
the function is bounded. Lyapunov stability is an invaluable boon for predicting the behavior of the systems without
explicit solutions. The relationship between stability and passivity is also discussed. Passivity theory was first
handled in the circuit analysiand then successful implementations of passivity analysis were found in various
other areas. This relation is given by the dissipation inequality. We also obtain a further passivity result with
Gronwall 6s inequality to oétehmi ge veme Ebdbumpdednéssteo

Keywords:FourthOr der Syst em, Lyapunov Stability, Passivity,

Introduction

The stability analysis of linear systems is one of the most important subjects of control theory. In nature
and society, many systems can be described as linear systems. In control theory, many systems can be
modeled by linear or nonlinear RLC networksaemwles include ordinary differential equations [1],
oscillators [2], electric filters [3], and Hopfielgpe neural networks [4]. An Elliptic filter (RLC circuit)

is an interconnection of resistors, inductors, capacitors and an exogenous input vbftagglalitative

analysis of the Elliptic filter is analyzed by the Lyapunov direct method. We construct the energy
(storage) or Lyapunov function from the storage elements (capacitors and inductors) of the RLC circuit.

In history, many researchers haveditd the concept of the passivity problem widely [5], [6], [7]. The
literature demonstrates passivity only with dissipation inequalities [8]. In this study, we obtain a further
passivity result with Gronwal | 6s olitione of tha givet vy [ 9]
Elliptic filter. Passivity theory was first processed in the circuit analysis [6] and then successful
applications of passivity were found in various other areas.

Materials and Method

In this study, we consider the following circuifsalitative (stability and passivity) properties
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Figure 1. An Elliptical filter circuit.

For asimple analysis, I8, = R, =L, =L,= (, = C, =C; = 1. Then, we obtain the following
system equations by Kirchhoffés current and volt

. 2 . 2 1 1
vy =§L’m{..t}— 3% —32—3k
I =v — vy (1)
. 1 1 1 2
LJEZELJE:'J_ EL’l +§lil':_§j|'4
f4= S A

We claim that the equilibrium point of (1) (18,0,0,0).
Theorem 1The equilibrium point of (1) is globally asymptotically stable.

Proof The energy or Lyapunov function of the above circuit can be constructed from the storage
elements of the circuit such as

' - L[vf +vf+(vs— )2+
I'F{I’- :I;V{L:I'_Ijrﬂ_l L:I_I jl' = - 1 : - ) -
! Vigs 1) =3 12+ 12
Hence,
1,
W(tj = EU.‘. (2)
w(o)=o0,

W(-) = 0 in the neighborhood of the equilibrium.

Hence, the Lyapunov functick” in (2) is a positive definite function.
In circuit theory, we may state the following natural result.

Corollary 1 The time derivative of the Lyapunov function constructed from an RLC circuit system is
equal to the negative value of the dissipated pomtrd resistors.

For stability analysis we s&t, = 0. Then the time derivative ¢ along the trajectories of (1) yields
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W(t)=—vi-I2 <0 (3)
Hence, Corollary 1 is satisfied. From the LaSalle invariance principle, weliemre0, it implies that
1y =1, = 0. This proves our claim.
In this case of,(t) = 0, we establish the following result. | 31
Theorem 2Suppose that conditions of the Theorem and the following ineygbalid.

J"[:- L:Iz'n{:s} ds =K < oo, Vi ﬂ,

whereK is a positive constant. Then, all the solutions of (1) with its input function are bounded or (1)
is strongly passive.

Proof From Theorem 1 witl;,,(t) = 0, we have the followings:
WD) =2v, (v, —vi- I (4)

From (4), we may write

W) +3 (vP+15) <2v,(0v, O

(5) implies that the system ssrongly passive, then we have

W(t) <Zv,(D)v,. (6)
From (6), withv; = 1 +v5, we have
W (D) < Sv,()[1+ 23]
Then from (2), we have
W(t) < Zv, (D[1+2W(D)]. ()
Integrating (7), then using Theorem 2 we obtain

W(t) = 2K +3 [y W(e) v (6)dt (8)

From Gronwall 6és inequality [9], (8) yields
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wi(t) = 5 K exp G H) 9)

Finally, the connectiobetween (2) and (9) gives the following result

2v? =w(r) =2Kexp (3K). | 32
Thus, the energy functiol is bounded. This implies that all the solutions of () are bounded in
magnitude. Hence, the main system () is strongly passive.
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Ar akt ér mac e, AC arkd ré r Yrraecré!, AKrearki tné rknaaycaé Ar stal an Bay
Ar akt eéfrkmarc éBekt ak
YEDAK
l sparta Uygulamalé Bilimler !nivers
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¥zeb¢:nya genel deki y e K i klarebnoenr jsialdé né;nké&;, nkeo ni ul seu nbdear kaib e-|

in

Kebekelere y°nel i m, gé - el ektroni i sistemlerinin K L
entegrasyonu ile giderilmektedir. Da] é tya tkknolpjiler,t i ml er ,
robotl ar vV e bir-ok dojrusal ol mayan yeékl erion el ektr
Gel eneksel el ektrik Kebekel erinde R¢-kHzal fitnelsansi -ba
kapsamakt adér . téknotojdek 21t 5,0m kbHiz yfernekans bantl arénda emi ¢
sorunl ar yaratnakkbdderf.reRgnécabafdé O - ¢ mg¢ A séneéef e
yapeéelabil mektedir. G¢enegmegzde °zellbikd lei btue yelnd H &mielbé c
har moni k seviyelerini °l-ebilen cihaz sayésé ol duk-a
bir ikKletmede AG seviyesinde supraharmonik °I|l-¢m sonu
Anahtar Kelimeler:ElektrikDa ] €t € m, Gg¢ - Elektroniji, G¢ - Kalitesi, H

Supraharmonéc Measurement in Lv Facél éteéees

Abstract With the global green energy transition, environmental concerns about carbon emissions are being
addressed by integrating smayrids, power electronics systems, and ewmereasing integration of renewable

energy production. The integration of distributed generation, electric motor drives, LED, battery technologies,
robots and many nelinear loads into grids are increasing. &Hfrequency range defined for power quality in
conventional electricity networks covers the frequency baneldfldz. However, all these new technologies are

causing problems to the networks through emissions in the frequency ban@S®kBRz. In additn, 62 kHz

frequency band measurement can be carried out with many Class A devices. Nowadays, the number of devices
that can measure high frequency emissions, which may occur especially with the increase of these renewable
technologies, is quite limiteth this study, supraharmonics measurement results are presented at a Low Voltage

l evel in a facility |l ocated in the YEDAkKk responsibili:i

Keywords:Electricity Distribution, Power Electronics, Power Quality, Harmonics, Supraharmonics

GKRKK

Terkekedel ektri k dajéetem kebekelerinde t emel K e
frekansén yané séra ara harmoni kler (interhar mo
frekansl ar da kKkebekede bul uvuinnmatkatbaid éorl.d ug|ue kétkrei bke kd
ve O0Tekni k Kalite Usul Ve Esasl arédé y°netmelif]j
tanémlanmaktadér. Bunun sebebi ise 406éncé har mo
bozucu etki ollaxktkgamhyalcdk] kmun dejerl endiril me
g¢- elektroniiji al anéndaki gel i K me F1BOrkHz/frekans e b e k e |
bandénda k¢-¢k genl i k1 ve Vy¢ksek ifnrdeek agnsrl¢él mheakrtn
[1].
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iletim ve dajéetém kKebekeleri 50 Hz frek
i kKl erini korumaktadérl ar . Takénan si n)
laarveek 1a&r0t nkeHz mer t ebesi nde nominal fre
a keyasla 100 kata kadar ah yéksek e
ke¢-¢k genl i kil akém harm i laeg réi nsiénr, a !
mpedansl|l ara maruz kal ar ak Yy ek genl i ki
r [ 2] . | 34

ni kl er, el ektrik dajéetém kKebekelerind
i ninveulvieanamhi P mfgnign azal maseéeé gi bi
Bununla birlikte I|iteratg¢rde ©°1 -¢m
°r ¢l m dir. Bu -al ékmada VYekil érmak EDAK (YE
chazéyla ger-eklextirilen °I-¢mler sunul acakteéer .

a O

- un o — X
ey
5 a
=

oo
o @

Q ooTw O

Supraharmonikler

Literat¢grde supraharmoni kl er 2 kHz ile 150 kHz
harmoni kl eri ol arak tanémlanmaktadér. Son yéllar
yair et ken teknolojil eriyh akelsailpe dadr av anolné jké rean var ts
ol abilecefji dejerlendiril en bae6zluc uEleetkktirliekr kkeebbeek
bozucu et kil er; gé - kalitesi bozul umu, aydenl a
kapasankllrarbenén ve dajetém trafolarénén akéreée és
él 1l & saya- haberl ekmel erinde kopmal ar , kor uma
hazl arda istemsiz devredenAye&ma pbhobé&kiortalé
- hattée haberl ekme sistemleri (Power Line Comm
yenilebilir enerji kaynakl & dajéték ¢retim s
siltnektedir.

seviyesindeki supraharmoni k kaynakl aréeneée i st
el emek m¢gmkeéendegr . Kstemsiz supraharmoni k Kk

] i stasyonl aré, kevliiricilLveeratvimrdeiberkays
nakl & akém ve gerilim dalga formunda beozul mal
Kst eml i kaynakl| &388 issand®lr80 b Entdlen f BEEKA&EHOOD
ml anan PLCO&dir [ 8]

oMo X

(o]l
o
QD

bahsedilen etkilerin yané séra ilgili K
sonucu si stemin daha b¢yeék genl ikl erd
oni k1l er deeb edkee gb°irl¢elkneenkitneidni rr.ezkonans fr ek
61 er il gil.i Kebeke bilekenlerinin ack

r

> M

supraharmoni k kaynakl|l & rezonarmsl a
ci ve -evirici kull anémé ile uzun
-al eékxmal arda supraharmoni k kaynaj
Bloom | aalkdéead gnamalsaa klaara neden ol duju s

‘<O‘7\_'OBT o< O
cCTTQO O T O O
»Q OFRPODXSO WM

er
én
il
é

—_

a
kl erin kKebeke bilekenlerine etkisi
éepl ar é, kabl o sonlandérma ar ezl ar &, K
d e

a

T3S C OO ODOMDMCS TS 9 O IS
Q

—_——

18g°zlenmiktir [ 14

rarasée standartlar-SfBrIECrﬁloeé)n-bgadLé
ve EN50065 standartl arénén ap
rasénén wuzun dalga radyo band
tanémlanan frekans aral ékl ar é

Tablol. CNB1Fyad FNIfPEP GFyPYElINP GOMpB

T TOM WSKKX! WO "PXX~T> Q<QOD

O~ O T3 C WS o

< OMd®T S
O o= =

da

(]
> c

u
6 Ek k &s
sebebi, 148.5 iz

standartl a

ej
|
b

f én
sad
é o]

Tabl

=

Harmonikler 50 Hz¢ 2 kHz
Supraharmonikler 2¢150 kHz
Tt SISA{,9yWwaPely CNB 30 MHz¢ 3 GHz
FyaPeély CNBY Ly >3 GHz
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¥l -¢m Noktasé ve ¥l -¢m Cihazl ar e
Supraharmoni kl er yéeksek frekansl e ke¢g-¢k genli ki
genl i kIl i geri |l i m Harnnoomeinkilde rri.n eB ud °f negnkonmeesnii n ° | - ¢
Aséndh® %xXHz frekans araleéejéné °|-¢m kapasitesin
cihazl ar arEblere@@Bexi 8 P@Boda 3A0 ve Power Side PQube
°zel i kl er i ajl adéj] e -Epstle By Kk B9 O . thaééahl%|£gm
Bununl a birIikte OG seviyesindeki ol - ¢mloer
trafolarén frekans t epkivsei dnoejdreunlyII—ecnhavsesralslleyrelt|
dejerlendirildijinden bu -alékmada AG °I| -¢mleri
tekni k °zellikleri Tabl o 26de verilmicktir.

Tablo2¢ SNOAK 9RAfSYy ' {PYPFP mfoeNY /AKITP ¢S]
IEC600040n 95®0QS 3IINB /ftlaa !
'Y PY @S IASNAREAYAY pnodKIN¥Y2YyA] 0AfSO6SYyAyS 11 RI
MTn 11 T7TQS8 1FRINI adzLINF KFENXY2yA1fSNRY 1F@RP
Mn Ya wa{ @S hairftz2aiz2L) 2fl& {lI&RP
CtA1TSNI {F@RP
EN50160 ve IEE10002-2/2-n & G | Y R Ndefilin kelrasil 31 NB

Ger-eklexktirilen AG °l-¢mlerde akéem °1| -¢,ml eri i -
u-lu prob (krokodil) kullanél méktér. Akeéem °1| - ¢ ml
bulunmaktadeér . riRogows ki obabakl 80 Hz ile 1 MHz
bobinleri 25 Hz ile 10 MHz araleéjéenda kull aneél me
g°re daha ucuz, ancak d¢kegk begyeéekl ¢kt eki har moni
¥l -¢,manl d okasyon, YEDAK soruml ul uk sahaseénda k
yojunlukta ol duju bir ikletmedir. ¥|-¢m noktaseé
panosunun ortak bajlanté noktasé-¢RPbéxnti ofl @iommi
leﬂﬂkVA
31,5/0.4 kv
Dyn11/%6 uk
keki¥ll - m Noktasé
Saha ¥ -¢m Veril eri ve Anal i zi
Bu b°l dmde kHz frekans bandéndaki emi syon °1 - ¢m,

¥ - ¢m, °nceki b°l ¢ mde -Hberle P@roixl d3i0f0i c¢izhearz8FA as & rnE€C
standar de Ek C b°l ¢ m4ndeC 61094-19rvd @ ISPR 11BC d® kG 0n@ n

kapsaménda ger-eklextirilmiktir.

YEDAK sorumluluk sahasénda vin- ve kaynak maki ne
haftalek ©°1-¢m¢gn sonucunda ortaya -ékan suprahart
verimik t i r . Hafta sonu ikKletme kapalé ol dujundan ©°t
oranda d¢kt ] ¢, hafta i-.i me s ai saatlerinde 1ise

yée¢ksek gereé¢len suprahar monidkuijiu eg °3rO¢ IknHezk tbheadnidré.n d a
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kekil 36te gerilim harmoni kl erini-&8 d3Bt(&mng a rctilnasri
bahsedilen |Iimit dejerlerine g°re durumlaré payl

LT [dB(V)]

60 900 940 980 10

12 [dB(V)]

S1AWzLINI KF NY¥2yA]l CNB1lI REOSIyORE NP [ AYAG DN

Frekans bandl aréndaki i mit dejerler ve | imit d
genli k dejerleri i se kekil 406te verilmicktir.
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%95 Limit Degerler

3.000

my

2.500
| 37
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o i
1 3 57 9111315171921232527293133353739414345474951535557596163656769717375777981

e | imit value [mV] ——L1-95.00% [mV] L2-95.00% [mV] ——1L13-95.00% [mV]

SICINBleya oF yRE I NPy R R SIESWE S NRSE NNISNW YRS (8ASWI | £ |

Yukaréda verilen kekillere istinaden en y¢ksek f
sénér dejeri akmadeéejeée g°r¢l mektedir. Klgili stan
ama supraharmoni k verileri ise kekil 50te yer alr

600
=
£
500
400
300
200
III
100 ".
0
70 80 88 92 96 100 104 108 112 116 120 124 128 132 136 144 148 152 156 160 164 168
e S1NIr Deger [MV] ——L1-Max [mV] ——12-Max [mV] L3 - Max [mV]
S1Rf{ qzLINI KI N¥2y A1l [MVYAGA 1 6Fy CNBUIY&af |l N
Yukaredaki Kekill erden de g°r¢ldegjé¢ ¢zere AG kul
sistemde bul unmakt adiek .i €& JQ klslek mamptralhas mode,
ise 70 ila 168 kHz mertebelerinde yer al maktadeé
genliji ise 104 kHzO6te 503,9 mVotur.
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Sonu-1 ar
T¢e¢rkiyedde el ektrik il Atdank dngleeleenyd riekjainds éd &0r
sahip ol dukl ar é -al ékma karakteristiklerinden (
ol uktururl ar. Yapél an -al ékma doj r u-Eberle®@oxda YED/
300 ci hpeleghac°la¢gmler i ncel enmi K ol up bazée -¢éek
dojrultusunda mevcut i kyerinin hafta sonu ;1-8ek
emi syonlarén de¢kek ol duju, hafta enmi mesai s&xant
Kekil de YEDAK sorumluluk sahasénda Vvin- ve kayn
bantl aréendaki i mit dejerl erinin czerinde yer
gzl emlenmi ktir
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Elektrde Daj et émdlee Wakadara rOl GegHl ar &nén EI €
Ek® ma n | a r@me TeknigerEkononmi Etk deré-

Arakt ér macél Aearkitne rknaaycaé ' Mut | u Bekt ak
Yekil eérmak El ektrik Dajéetéem A. k.

*Corresponding AuthorKerim Kaya

¥zeAf:ri ka ketasé gibi D¢nyanén bir-ok b°l gesinde el ek
bu d¢kegk ge¢- kalitesi bir-ok ekipmanén bozul mdaséna se
et kil eri be¢e¢yeéekter . Burada pahalée elektronik komponer
arézal anmasé vb. gi bi bir-ok aréza durumlaré yaratm
kalitesine ilikkiemdwmswl-ve&kaddaslsdr tlakpypamdi |l mektedir
yakanan gerilim olaylarénén °|-¢ devrelerine, el ekt
eki pmanl aréna verdiji teknik ve ekonomik zararlar inc
Anahtar Kelimeler:Ger i | i m D¢ Kkmesi, Gerilim Y¢gksel mesi, Ol ay Ka\

Technical and Economic Effects of Voltage Events in the Electricity Distribution Network On Electrical
Equipment

Abstract In many regions of the world, such as Africa &tideria, low power quality is present in the electricity

grid. In particular, this low power quality causes many equipment Decays, but the economic effects that are
ignored are great. Here there are cases of burning of expensive electronic componentsctinal of drive

circuits and metering circuits, etc. which creates many fault situations such as. In our country, power quality is
monitored within the scope of the procedures and principles related to the technical quality of the Electricity
Distribution System. In this study, the voltage events experienced in the distribution network, measurement
circuits, electronic components, measuring devices, relays, etc. the technical and economic damages caused to the
protection equipment were examined.

Keywords Voltage Drop, Voltage Rise, Event Recording, Technical Quality

GKRKk

El ektrik -oju insan i-in olmazsa ol maz bir enerj
°neml i cretim bantl ar e, °neml i i kKIretome lyerr,def al r
ol duk-a °nem arz etmektedir[1l]. ¥neml:i bir yere
sorun olukturmadéjé suret-e kalitesine pek ©°ner
-ékmamaseée i-in ygéaseki kal ¥teldlei lol enagé&r il im ¢zer.i
ve IEG610004-3 0 standartl aréna uygawelbl maseé gesieni rdal
tolerans tanénmamal édeéer . Bu -al ekmada °eiaé, | i k] e
°]1 -¢ cihazlarénda ve elektronik komponentl erde
sorunl aré ve maddi kayéeplar ¢zerine bir incel eme
bir noktada yapél anesial eamaham oeohadangkal daj eétg
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MATERYAL VE Y¥NTEM

Gy¢ - Kalitesini ¥nemi ve Gg¢ - Kal itesi

¥zelli kle enerji kalitesi sorunlaréndan
kerpékmal ar-gar ei ket kéeemkontroll ¢ c

daha bilin-I1Ii hal &ksgdélt mesii ge bt alne

et mektedir. Burada g¢- kal-sékbkéepnpdnré
dengel.i ol masé ve ge¢reltelerin senérl ar

Gg¢ - Kal it eefi Par amet |

Gerilim Gekmesmin bir tam dalgadan daha
d¢kmesidir. Nedeni kebeke yetersizlii]i,
Geri |l i m Y géibmgnlbimansdalgadandahaw n bir s¢re %1106d
-ékmaseéedeér . Nedeni yé¢k azal masé ve Kebekede
AG sevi yes2i54iV- iar a2s0e8 \k ab u | edil ebi | i-20008v16kvy e di r .
20kv) arasée kab[dl edilebilir seviyedir

Geriim Denge¥lizdmjpgeri yodu boyunca °1I| -¢1 en

daki kal ék ortal amal arénén en az %95¢7.ni n

Orjinal Dogru Ters Sifir
Sistem Bilesen Bilesen Bilesen
Ic |c1 Ine
SN
£ WS iy A i oo o
Ia
kekiQer2:lim Dengesi zl| ifjJi Pa
Harmonik: Doj r us al ol mayan y¢kler veya ge
bozul maya ujramék bir alternatif akém veya
ol ukan sing¢gsoidal bil ekenlerin her biri
Toplam Talep Boaulumu (TTB): Ak ém har moni k bil ekenl er i
karek°ke¢gnegn, maksi mum y¢k akéeména (1 L)
eden ve akajédaki form¢gl wuyarénca hesapl anan
(2.1)

:J/*\/\/\
Nl

Par ametr el

rametrel eri

rilim dalga

n do!l ay
i hazl ar én
@lead iem dg p
ensapi nl Nl ¢

gerilim
pozitif

or ane
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k e k i Harm@nik Bozunum

Fliker: Y¢ kt e ki dal gal anmal ar nedeniyle ortaya -é€ékan
a-an 50 Hz alteéndaki gerilim salénéemlaredér
BULGULAR | 42
Dajétem kKebekesinde meydana gel ené akkéésraé dgeevrriel iankle
ol ukmasé ve devre kesicilerinin arézalanmaséna
engel l enmesi , SAI DI/ SAI FI / ODE dejerlerinin yg¢kse
a-éséendan ol duk- abi°neonkl ebotzaukinpa |l edial esrebebi yet \%
noktalara dejinilmixktir.

Sekonder devrelerde kull anél an r°l e, modem, RTU
Gy¢ - kalite cihazl ar é, ot omatilke stagahi n&ktulmar &m sh &
Magneti k -ekirdekl: mal zemel erin i-indeki magnet
trafo sargélaréeénda ve -ekirdejindeki te-hizatén
Daj éeteéem sistemlerinde ar ézal azolasyon dedymierinden kay na
kaynak!| anmaktadér . Kzol asyon seviyesinin d¢gkegk
ol ayl ar égelmekted. Bnee denl e °zell i kle i zolasyon seviy
cihazl aren se-idtnmeekt eadyirre.c ay @ mélmanm kit ua s éagl Yeekenmaadsaa ri
cihazl ar czerine inceleme yapeéelmék olup ©°zellik
probl e mi ve etkin gerilim y¢ksel mesi pirobl emmer
noktasénda AG kullanécéda yakanan hasardan kayn
gerilim -°kmesi tespiti yapélméexteéer. ¥zellikle b
edi Il mik ve ter mal kamenuax tiulre i ncel emel erde bul un

Gerilim Profili

18

12

e van(kV) vbu(kV) ven(kV)

kekiBli rd.nci ¥ FHk¥)mt(dko kt asé

Sag&Swell
¥ Phase A Sag
@ Phase A Sag&Swell
_ A Phase A Swell
a Phase B Sag
= 1 v o ¢ Phase B Sag&Swell
= Ve & Phase B swell
a . ¥ Phase C Sag
kL 3 5 € Phase C Sag&Swell
g oo A Phase C Swell
Target
g ’

Duration (ms)

kekiBli rG.nci ¥ H-T¢nC Nonkcteal seéme
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Kés mi dekarj ve Ter mal Kamera ile tespiti yapeé
yépranma vVve gevkemel er gideril mik ol up ol asé q
artérél mékter. Yapeéelan -al ®dmas éi lda hiaz dhlaakyo 1y axkewn
ve ekonomi k anlamda kayéplar ortadan kal déer él mex
Kkinci °1-¢m noktasénda kKebekede yakanan cihaz vy
hem tekni k hem de ekonomik ia—iéldaellammialyair—ékla45 n

kekiPlarGa.f udG; arBalisée Ci haz Arézaseée

keki¥ll -7, Ger il i m -TRTaJ ogsiw i P a&ktolnaamaoslé ¢nitel eri a

¢i zelYgaek lla:xk ek Mal i yet
IAKET altAeSOESNR o,

DNoe YIFtAGS [/ AK $5.000

DNee YIEAGS / AK $7.000

RTU vb. $350

wm[ 9 $2.000

DSNAEAY ¢NIyaF¥ $450

., SRS1 t I NBawerSup@yiR $200

keki7l g8sterildiji gibi elektrik dajétém Kebekesi
yé¢ksel mesi bir-ok cihaz yanmal aréna sebebiyet ve
mal iyetl er veril mektedir. Yakanan bu hasar son

i
yapél mexkt eér .
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Sag&Swell
¥ Phase A Sag
4 Phase A Sag&Swell
s A Phase A Swell
o Phase B Sag
=1 * vy ¢ Phase B Sag&swell
e -
‘0 # Phase C Sag&Swell
A Phase C Swell
* Target
R ’
* N7 o
’ 1 100 10k M 100M
Duration {ms)
kekiKlIkinci ¥4 ImMCN&Kktakeme
Cizel@@&E @erilim Limit Dejerleri
ALT« { ¢ [TaTe¢
0G | 16368\4-20005V
¥zellikle anlék gerilim y¢ksel meleri g - kalite
vermekl e birlikte hem dajéetéem kKebekesine hemde
vermektedir. Yaptéejémez -ea@lékmadaerhemmdal] atyé mr ¢
mal i yet kalemlerine hem de teknik a-édan ne gib
bul unul muktur .
SONU¢ VE ¥NERKLER
El ektri k dajétém kKkebekesinde meydanhegel eakgarol
czere anl ék ge-ici rejim olaylaré -ok ciddi tekn
ilikkin analiz yapél déjénda sadece mal zemel er i I
mal zeme dej i Ki mi daj et ékamay &n ehexkj@Eem kaynakl é
el ektrik kKkebekesinde yer alan binlerce cihazén d
ci ddi hasar bedellerine yol a-téjé goejiilumerktielde |
aral ekl e dejikimler incelendijinde ise dejikim ¢
ve °zellikle gerilimin anleék y¢ksel mesi ci hazl ar
cihaza uzun s¢remmalekt kadnimaséevid el @arkilre de zar a
Cihazlarda olukan her hangi bir aréza elektrik ke
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ger-eklektijinden m¢kterilere bildirimzegmlp&immenad
Kurumu (EPDK) tarafeéndan bildirimli@i ve bildirim
Kirketlerinin elektrik kesit.i s¢resi ve kesinti
tut mal aré gerekmeldti edims.i zBikledii mitmllier v&PDBDKI EI ekt
Raporunda payl akmaktader. Dol ayeéeséeyla dajétéem ke
b¢yeéek bir °neme sahiptir.

Ge- kalitesinin ekonomi k et ki spia gooizr larjdé cel okielfReme
bir araktéermada, g¢- kalitesi problemlerinin end
10 Milyar Euro ol duju tahmin edil mektedir. G¢ -
harcamalar ise tahmingnu r akamén % 5 i civaréndadeéer|[ 8] .
T¢rkiye elektrik kebekesinde g¢- kalite probl eml
s¢rekli, degkegk maliyetli ve -evreyle uyumlu bir
daj et @knetkl erine wuygulama d°neminde ger-ekl exktir.e
faaliyetleri sérasénda ixk-ilik, mal zeme kalites
probl emlere daha az rastlanél maktader .

Bu -al ékma songciungaerdea eglCerkitlrdi k enerjisknin kKe
kesintisiz ve kaliteld] ol arak dajétel masée ger eki
envanterlerinin korunmasé a-éséndan °nnileonayar z et m
-ékabilecek maliyetler azaltelacakter Yapél an p
mal i yet.i olan 15.000% ile °ng°re¢ce¢g bakém yat ér ém
ol aylarén ©°nlendiji gor ¢l megkt gr

TEK KK R

Yapél an bu -alékma ile kKkebekede yakanan gerilim
ol ayl arénén nasel i ncel enmesi gerektiiji czerine
operasyonl arénén ve bakeknmkfidallei ygeetrl-eerkilneiknt i d ankeani
Buna ek ol arak -aléxkmadaki desteklerinden dol ay
-al é@ékanl ar éna ayreéca El ektrik Dajétéem Sistemin
yayénl anmasemd&nem¢ji Pgpgasasé D¢gzenl eme Kurumu (
ederiz.
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Dajétém Transformat®rl erinde Sezonl uk
Dej i ki nMegdana@e tni r di J i Kelanhesik | ar én
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l sparta Uygul amal é Bil i mler }Enievkerrsointi s iM¢ hTeenkdn
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i ken ve gelikmekte ol an enerj.i arzéna bajleée ol a
art ktader . Dajétém transformat®rl erinde ka
iblelrearbie rt edkanf céltogjm tirlansf ormat°r |l erinde &
€ g°zlemlenmicktir. Bu -aléekma ile fark]|
n saat il e zb aajydaakrtéénjdéa, itka ryéoni ubn®l-Bug eul earritn
riye kalad3 ayda ener j i talebinde artéek meyde
i durumu transfor mat °r |--ealdéek neaanvaeskéena © me gh §
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talep taraféenen kesintilerden etkilenmesine neden ol
belirlendifji v e sezonl uk y ¢k dengesizIlijine bajl e
bahsedilmektedir.

Anahtar Kelimeler:Enerji TalepY ¢ k, Transf or mat®°r, N¢gfus, Y°ntemler

Investigation of Seasonal Load Changes in Distribution Transformers and the Challenges Caused by These
Load Changes

Abstract Depending on the changing and developing energy supplgktiosvns, interruptions and technical
losses increase in the electricity distribution network. It has been observed that the criteria taken into account
while determining the capacity in distribution transformers, regulations and user profiles, togetiher wit
technology, are overloaded in distribution transformers or that the transformers are idle. In this study, it has been
determined that in different regions, the changing energy demand during the day is compatible with the active
hour during the day, whila the agricultural regions, due to the increase in work intensity in the summer months
of the year, there is an increase in the energy demand in the remaidingoBths while it is at normal levels for

8-9 months. The load imbalance situation causeswbeking life, efficiency, healthy operation and most
importantly, the demand side to be affected by the interruptions in transformers. In the study, it is mentioned how
the capacity of transformers is determined and what measures can be taken in th& detvemding on the
seasonal load imbalance.

Keywords:Energy, Demand.oad, Transformer, Population, Methods

Girik

Teknolojik aletlerin yaygénlakmasé il e beraber e
biri hal i ne g elbjifai attanidakiclekBik € i e e hr brekkhoeki pmanl ar v
etkenlere dayanarak enerji talebinde ciddi artéécxk
talebi ; saat !l ik, genl ¢k, ayl ék, imeviimsekK¥zdPhik
aylarénda turizm ve tarém b°l gelerinde; n¢gfus sa
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nedenl erl e enerji t¢keti minde farkl el ekl ar ger
t¢ecketimiyle d&@jda enanf €l eabkdine i htiya- duyul u
Yayla b°lgelerinde, i mara yeni a-eél an ve hengz
bl gel erde ya da yazl éklarén yojun ol duj9u . ,aytéur i z
normal seviyelerdek en kal an ayl arda ise y¢ksek seviyelere
ilgili b°l gedeki t ransf er nayté®nrdiae ryi ent emmesvi czu tk ag ¢gmal k
ge-en yeél negfusun artmasé ve ddekaonlepenjn de ‘get
Yéeksek enerji kull anémé olukan aylarda i htiya-
dajetéem firmalarénén kullandéklaré bazé y°ntemle
gstermektedir.
Transfor mat °r Kapasitelerinin Belirlenmesi
Transformat©°rl er, il gilii bl gel ere tesis edil mei
yapél er. Yapélan kKebeke projesi -al ékmal aré doj
b°l geye tuggghiinr gttransformat®°r kurulur [ 4]. ¥rnefj
girikinde, k°yl erde ya da bir tesisi besl emek i -
ettikleri g¢ce g°re 50, 100diJ60gids0°zeel 4Q0 ek VA
de i mal edilebilir. (kekil 1.)

kekil 1. Direk Tipi Transformat?©r
Yerl ekim Birimi Yéllék G¢- Khtiya-I|larénéen Tespit
Yéek tahmini -exkitli yollarl a yapeéedeajbdarlii,r .i meerhd a kn
ve kat adetlerine ve t¢gketim °zelliklerine g°re

Il . Y°n¥Yemtekim biriminin ge-mik yy=Y.e™s logaritmeki t pua
form¢gl ¢nden -§0l520 | yaalell @k ake -5 i htiya-1aré bulunur

Bu form¢gl de;

y = Hesaplanan yéla ait g¢- (kW)

Vo= Ge-mi kK yeéla ait y¢k (kW)

e = Tabi.i l ogaritmi k tabane

X = Yel

m = Yéllara ait y¢ke g°re bulunan parametr e

n Gambpbal ¢

'l .Y°XYiem: ge-mi kK yéllara ait ng¢f(ssshe@rlapaimkf ay dal

formegl ¢ i1l e ydaFlb2&iynélbliehk mi nfimsd® bul unur . Buna k°
Watt ot ahmaywagakter.) -arpélarak yerlexkim biriminr
sanayi ve muhtemel sanayi g¢-leri ile sokak aydeé

toplam g¢- ihtiyacé bulunur.
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s = Hesaplanan yeéla g°re n¢fus
9=CGe-mi kK yéla ait n¢gfus
e = Tabii | ogaritma tabanée
X = Kki sayém arasénda bulunan yeél
m = Kki sayém arasénda meydana gelen n¢gfus art éx

= ¢arpan sembol ¢

| 48

Yerl ekim biriminin ilerideki yell ar ai laiitygrt-em |
kull anél er . Bu y°ntRrdjea Hidza§réelta@ma kElbeekkterl iek i M¢ h e
kitabéndan al éeénméxtér .
Té¢rkiyedde Uygul anan Standart Transformat®©r Gy -
Al -ak Gerilim (AG) Kebekesi ni rledne sakip olabidrler. Kelat | ar |,
boyunca tespit edilen yayélé y¢k dejerleri ve ha
Kitabendan Al énméexkt ér)
Yayélé y¢k (w/ m) x uvuzunluk (metre) = abone g¢cye¢
Her kol daki sanayriéctao pdeu eyr¢lke nddeijreirllierr.i ay
Her kol daki sokak aydéenlatma g¢ceé¢e bulunur .
Beten ge-lerin toplaména kKebeke kaybée ol arak %10
Il . YO nEreanr | i analiz°rleriyle AG panosunun ¢kndler- él
neticesine g°re w / kiki, daha sonra i mar pl aneér
AiJo (w/ m) Il er hesap edilir. Abone g¢-leri, tesp
-arpéemé ile bulunur
'l . Y°Bueymfingeenel | i kl e k°y karakterinden kurtul mu
kull aneéel éer J 9g¢- yojunluju (w/ m) tespitd.i i-in |
al énarak ve n¢gfus bakéna 100 WatgrCarne atkeas péi to | enthine
bakéna Watt, n¢gfus ile -arpéelarak toplam abone g
bel ¢nmek suretiyle fAJ0 (w/ m) dejeri bul unur, K e
al énmal edeéer
Yayéel ée yYy¢gkhhebsapw/ameée denkl em 1;
= Nabx L1 eéeé. . (1
K= (klx LL+(k2 e L2)+( k32 L3)
form¢gl ¢ne g°re yapéel er. Bu form¢gl de;
J = W' m = Bu metre bakéna d¢ken g¢- dejeri ( G¢ -
Nab = Son n¢fus sayéména g°re abone g¢ce¢ i htiyac
L17 L27 L3717 Sosyo ekonomik Gel i kmi k1 i k) durumuna g°re tespit
1,1 = % kebeke kaybeé
k = T¢ketim kat sa¥%®dsies O( aB ué ndaebjielri r% )100
w = Uzanan hatlarén her Dbir metresine yayél mék o
m = metre
X = ¢arpan sembol ¢

Heap neticesine g°re;
J1=JxKkl
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J2=Jxk2
J3 = J x k3 hesaplaner.
NEC Standarteéna G°re Dajétem Transformator ¢ G¢cCy¢
Dajéetem transformat®°rl erine gel en toplam g¢ d
hesapl ayar ak dveejyearitnoiplaalrrépgébu dejerin belirl 9
Kék ve yaz mevsimlerindeki talep faktorl eri |6‘u r
ol arak hesaplanabilir [12][13]. Triaensfonmaehkeé e
0deki form¢gl den yararl aneéel er .

STR = N.P.TF.TFelyp 666 . ( 2 )
cosd
STR= Transformat®°®re gelen talep g¢- (kVA)
N = Transformat®rden beslenecek konut sayésé
P = Konutun kurulu g¢cece (kW)
TF = Konut sayéséna bajlé talep fakt°r<,
(Konut sayéséna bajl é-3000adtampenk@WApydeheémait mae gig
:D
(300:120. 000 arasé ise talep fakt©°r¢ = 0.35)
(120. 000 ¢zerinde ise talep faktoreg = 0. 25)
TFe=Konutcinsie bajl é& talep d¢zeltme faktorg¢g (konut ci
fakt°rdeki katsayé ona uygun dejiktirilir)
lyp = Yé¢k profildi
Cose= G¢- katsayeéesé (0.85)

Denkl em 26de talep fakto°or¢ dej er |oarak kabinedileni k a B
Nati onal El ectrical Code ( NEC) standartl aréndan
deji kKkeni al maktader ¥rnek olarak konut b°l gel e
kurulu g¢ce sahbdpl delfjéetidndéeayr &oautransf or mat°r
ve y¢é¢kl enmesini belirlemek i-in y¢k profilleri 0
Enerji T¢ketim Dejikiminin Saatlik Dilime G°re K
Rastgele bir ev/ b°l ge/ ar azi dae ogl¢anslé; kbiernew gri s atyéék
Géenl ¢k el ektri k enerjisi kull anémé en fazl a; ir
ge-irdiiji zaman dil i mi araléejéndadeér . Bu zaman a
elektronik aletle den, yaptéklaré iklerden °tg¢r¢ ge-irdikIl
enerjisine ihtiya- duyarlar. Bu veri dojrul tusur
enerji tal ebi ol ukur . Duc k aCtulrivke bed zrd as i enldeeknt rbiekn :
dejikiminin (kWh) ejrisi Grafik 16de g°steril mick

Enerji
Tiiketim
Degisimi
(kwh)

HLRERPH LS °%°°m°°

P NVPP T O R

Grafik1. Saat |l i k Bazda Enerji T¢gketim Deji Ki mi
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ansformat°rlerin Yaz Ayl aréndaki G¢- Yetersizl
ansformat©°rl erinfadkheéms&l aryg kivammeol dukl ar e I
stermekt-edliep Bar klog&l ekl ar &, il gili koniuml ar én
ektroni k alet sayéséna, b°lgede el ekéra&kmamaea ]
el likle Karadeniz B°lgesionde yayla yerleigp m
|l gel erinde yaz aylarénda enerji tal ebi art mak:
el likle Akdeni z Brilgmisn oyndjeury ael mad é&a rreenddean it ui |
|l arénda ise azal maktadeéer. K- Anadolu B°l gesi 01
er ji tal ebi ol duk-a artmaktadeér.

Kil éermak Elektrik Dajéetém Al k- &kKYIEEDAK ) b °hli gzeneetr i
|l ek Genel Teketim (kWh) veri dejerl eri al énar ¢
erinde yapeéelan ay/yeéel analizlerinde t¢gketilen
sterilYmizktayyl arénda bazé b°lgelerde %40006e kad
keti m nde meydana gelen bu dejixkiklikIlerin en
fus artéke, tarémsal sul aynwhaamEadbapbpbBughhi yafan
rem b°l gelerinde i kK y¢ke gibi duruml ar a bajlé
[ an ayl ar éna g°re farkl el ek g°stermektedir
ansformdatdrer kapas yetersiz kal maséna, sezonl uk
t maséna, al-ak gerilim dajéteéem Kebekesinde ger
K¢k ol duju dePnemlerde bokta tAgngfaecamandra kay
arak transformat®°rde meydana gelen y¢k dejikim
ki olukturmaktadeéer.
Tablo1.2021 ¥rnek B°lge Ayl ék Genel T¢ketim (
Hnum DSyStf ¢NlSGAY
Ocak Nisan Temmuz Ekim
Adres dzo I G al&Pal ! €dzad YI &aPY]
Mart Haziran 9&f Nt I NI f P
Terme 5,337 4,899 19,109 4,93
mi & dzNIi 4,895 9,241 11,13 5,024
4,822 11,563 5,64 4,694
Bafra 5,942 5,882 24,313 4,428
Kahraman M 6,17 7,235 16,036 4,718
5,852 11,43 9,925 4,398
Bafra 6,228 5,345 25,853 5,096
iy 6,093 5,831 26,029 5,096
52€l yOl
5,504 15,423 9,022 6,279
Bafra 7,681 6,604 15,851 7,409
. 7,3 9,551 10,287 7,727
Gerzeliler Mh.
7,125 10,694 9,454 7,573
nek B°l ge ol arak se-ilenyTarmeadédkyuretneMahaltlge
anénda artmasé (Grafik 2.), yerel hal kén nitel
fus ve elektrik enerjisi gerektirecek i K yojun
jledal gu&dlkréda bahsedilen transformat®r kapasi
éré ye¢klenmeye bajl e arézal arén artexke, yé¢kse
taya -ékmexteér Bu ol umsw?lrwllidaréemdendgmengd -0ir |
térécé °nlemler al énmal édér [ 2].
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Grafik2. ¥zyurt Mahallesi 2021 yeéelée Ayl ék Enerji T

Tarém Arazilerinde Sezonluk Olukan Transformat?©or
YEDAK hi zmet b°l gesi andebamar amhadylvae Kulrlearsall an
transformat®©r (kekil 2) sezonluk y¢k deji kimler
transformat®°r d°nemsel ol arak y¢kl enmeye sahip ¢
etmektedir. Yap él an anal i z -al exmal ar é sonucu Samsun
transformat®r¢neégn inceleme -alékmalaré i -in uygl
100 kVA g¢ce sahip ol up °ne¢egmegzdeki dlisillanl er d e
bul unmamaktadeéer . S°z konusu transformat®°r tar ém:
tesis edi |l mi ktir. Transformat?®©r ¢n bul unduj u bol
transformat?©r iszerinde yaz é agPat emdan e knteansksierl .
transformat®°r yaz d°nemler.i dékénda mesken ve
tarémsal sulamanén yapeéelmadéejée dijer d°nemlere g

kekill002 . kVA G¢-te Transformat?Or

Sezonluk y¢k dengesizIliji sonucunda;
Transformat°r¢n akéreée y¢s,¢kte -aléekmasé sonucu kes
Transformat®°r¢n yalnézca belirli bir d°nemde vy¢
azalma meydana gelmektedir.

Transformat °sri¢gznl iyygkni che rsge e k1 i ol masé (yé¢kl enmer
kayéplarén artmaktadér .

Transformat®rlerin y¢k dengesizlijine bajlé ol ar
°m¢egrl erinde késalma meydarai gelemakkedi nrvaydel iéth
Dol ayeséyla, dengesiz y¢klenme transformat®regn v
Bl gelerin Yéllara G°re Enerji Tg¢keti mi Deji ki ki
N¢gfusun artmasé ve teknolojininméelbkbelegeseng!l g¢bi
artmaktadeéer . Mevcut bir b°lgede teknolojinin sg.
uzun zaman verileri incelendijinde ge¢nl ¢k/ ayl ek/
an ki t ¢ kmitktleeméennedheerdej i ki kl i k g°r ¢l mektedir [ 7]
Eyl ¢ 2022 tari hinde teketti kl eri enerji mi kt e
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mi ktarl aréndan fazl adér. Yakl ak @b 0o laar &k tgfk etltn

(Tablo 2.), (Grafik 2.1.)

Tablo2.kef tali Yetiktiriciliji Arazisi 2 Yeéellek

. +TO ( ¢ qReaktif End. (Ri)} Reaktif Kap. | 52

Yék Zam

(kwh) (kvarh) (Rc) (kvarh)

19.09.2022 15698,28 7002,66 3,71

1.01.2022 13958,44 6320,345 3,291

1.09.2020 10440,4 4929,828 2,991

01/09/2020 01/01/2022 19/09/2022
Grafik2.l.keftali Yetiktiriciliji Arazisindeki Transfor mat
kWh)

Bu dojrultuda il gild@ b ° | gzeadneakni stornarnas fyoertmeartsirz gkea
olarak transformat®r kapasitesinde dejikikIlije g
Transformdatyyk Dehgesi zI|i]i
Dajétem kKkirketlerine gl da karwz2u k ad “iflegmedcita( A% a ]
dajetéem kKebekesi altyapésénén, Prize Takelabildi
artmasé ile birlikte dajétém Kebekesinin naseél
yat éreéem akviyel erEilreikn rn&ller aocladdjaucdwmr yaygénl axkr
yé¢kl enme sorunlaré ile karkél akélacakteéer. Yapeéela
iczerine -éktéjée durumlarda dajéetéem ol ami agpaeéi ad
etkilerini g°z °n¢gnde bulundur mal aré gerekmekted
Bu veriler dojrultusunda yaygén kullanél an el ekt
edil e enerjide arték meydana geel etcadketpi re.diB ue nd ogj,
dengesi zI|likler yakanacaktéér.
Ge-mi ke D°n¢k Enerji Talep Veri si
B°l gesel talep hakkéndaki bilgilerin b¢gyek bir
i statistiklerinden al énméexktér .beYKkEDIAIK6i -einn dag €t f:
ekonometri k model ol ukturul muktur:
Samsun
¢corum
Amasya
Sinop

Ordu
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1995 ile 2011 yellare araséndaki yéllara ait San
dejerl eri ve m¢Kteri skaaytéel gaorréi, z et ¢ekdeitlineii kK gorluaprl aakr ¢
3)
YEDAS (1995-2011)
. / | 53
ENUIUVU . . i iketim
2000000/ :r
Grafik 3. YEDAkKk Tal ep Dej i Ki mi (MVKR)t °rel ve Toplam
Mesken T¢gkeMeskeMotdeketici model i, mesken bakéna
mesken t¢gketicilerin toplam sayéséné ayré ayré t
MTj,t = MTSj,t X MOT
Form¢l de ge-en;
MT j, t =] Db°lgesindeki mesken t¢keticilerinin
MTSj ,t = | b°l gesi ndeki mesken t¢gketicilerinin t
MOT j,t = b°lgesindeki mesken te¢gketicilerinin it
X = ¢arpan sembol ¢
Her ge-en g¢n artan enerjoi tal epl eri ifedeyen dol ay
zamanl arda yetersiz kalacak, transformat®r g¢ceén

talebi edilecektir.
Transformat°or G¢gcecegnegn Yetersiz Kaldéejé Durumda T
Bir turizm ve tamdEaen Pl gedd dadcedenydae-faeby das &biyt

seviyelerde eneriji tecketdmiayehomakeadeji Yelkeni gne
tar émsal sul ama gi bi enerji t ¢keti mincii dadrit éarrétcéé
meydana gel mektedir. Bu t¢gketim dojrultusunda il
34 ayénda yetersiz kalmaktadér. Bu talep dojrult
yonteml eri vamnwldeér; [T3]a.nsBuorymantt®ey e R ia p as atéswsifyaar ma kK € 1
da bokta -aléexkxan transformat®°r ile kapasitenin

uygul amal aré yapeél maktader .

Tabl o 36de YEDAK b°l gegimaké@sa kapacsitea d?Yhémétr a
TEKAK TM tesisi tablosu verilmiktir.

Tablo3.YEDAkKk B°1l gesi Késa ve Orta D°nem Transform

Trafo
!
Kapasite ¢ NI T2 $egsi; '
Tf 51 yS|! NI PO P
DN e DNae DNae
Adet (MVA) Adet (MVA) Adet (MVA)
Samsun 2012 3 64 - - 4 178
2016 4 120 - - 1 100
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2017
2021
2012
ordu 2016 2 55 1 25 2 132
2017 - - - - - -
2021
2012 |54
2016 1 30 - - 1 50
42 NHZY 557 2 | 64 | 1| 16 | - -
2021
2012
Amasya 2016 2 43 - - 1 80
2017 1 25 - - - -
2021
2012
Sinop 2016 1 34 - - - -
2017 2 64 - - - -
2021
t dékéndaki bazée ¢l kelerde transflulmaaréall aemr imn
gesi zlijini ©°nlemek i-in de bazéty® mtsdmlrenat fhe
un g¢-te bir transformat®r ile deji Ki mi gel m
éndaki uygun bir transformat®°rl e gg¢- aktar én
érmak kull anél abénldeacdegkr .di J er y°ntemler aras
ak bazée durumlarda teknolojinin de gelikmesiy
tim bu metotlardan bir tanesidir. Daj éték | r e
il enebilir enétjgk kaenaki akaeal giamiel abaj é yer de
it teknolojil eri i fade eder ken, enerji t al
-eklextirilebilir.
il enebilir enerji kayYyreapbll ameamad &1y | ar dtait lae 1y ae s é
kil 3) i gili transformat?®©re tal ep artteje
-eklextirilebilir. [9][10].
k e k iEherjiepolama Sistemi
dijer se-enetkr ainsd oemartr i kek i amhmakt ér . Ene
esinde dajéetém transformat®°rg¢, g¢- kaybsa ntei pi
keda bulunur Bu sayede talep g¢cy¢ istaniten €] &€ e s
¢ verebil mesi ger -ekl ekmektedir
u -
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El ektrik enerjisi kull anéemeée;ietl elkkn oglomji iknicn h@el iskan
b°l gel erindeki insan sayéséyla dojru dmtaehiniél € bi
karkél amak amaceéyla Db°lgelerde transformat®rl er
hal kénén/ Db°l gelerin enerj.i tal ebi kar kél anmakt ¢
vadel erde dejikkenl bkrgyeréemet ddilgesfadadadml e
artékéndan kaynakl é& ol arak talep g¢c¢ de dojru
bel gesinde tal ep edd |aeyné nednae rd¢ik ¢yké | néink tyaarkl| aar kdegko5s8e
34 ayeénda -dakil akak énga kadar enerji tal ebi arte
b°l gesi nde; n¢gfus artéekéndan kaynakl &, tarém be©°l
i -in kullaneéel acak e rmxerkjiil drei katra re&kreé g eda edkd lexyilré b
Bu talepler dojrultusunda talep edilen g¢- artt
edilen g¢c¢ karkélamak i -in transformat?©r dej i kK
istenilen verimi 34 ays aj | adéktan sonra kalan aylarda talep
edilen g¢- ile transformat®r g¢c¢ arasénda ciddi
-alekma kayéplareée ortaya -eékarrakBut adleenpgeesdizll e i
transformat®©r dej i Ki mi ger-eklektirmek hem mant
yat éremsal ve operasyonel olarak y¢ksek mali gid
talep dengesiézrlaicjaik okretka d adne kyael ndi nesi |l akelleée tr
enerji depolama sistemlerini sezonsonluk kull an
kaynakl arénén dengesi z y¢kl e bl gelere kaydeéer él a
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¥zeHummers y°ntemiyle el de edilen grafen oksit (GO) t
el de edil en, met al oksit bil exkiji olan -inko oksit
hammaddesi ol ukturulsnutkttuezu 1i0- grriasn e a%ke®, ok0 ve 30
oranéndakbbhj bdwiaqgd akeétciel Nirolido ( NMP) ile -°9zdg¢r ¢
edi | mi ktir. Sent ez t |
Y I

n
ezl enen el ektro an@m ¢ sdejeineen i kapapoil
yapésal °czellikler

perfor manseé e i nin karakterizasy
karakterizasyonu XRD (E Kk é n & Kk & rSEEnVE njéa)l ame tFaEF amal € el ektron mikros
lretil/e@0O ZolOektrotl ar én el ektroki myasal czellikleri

empedans ve gdalexamgsttaeetsitkk exawyjl e analiz edilmiktir.

ZnO/ GO kompozit mal zemesi ncde rel grkatrioltd mrZ2m@d, -2 hArk@O,0rZ
elektrodun spesifik kapasitans dejerinin arttéje g?o°:
kapasitans de] er 11,e366i81 e 383.18IFgl vel490M48 B3 d-lgar akr 21 Sghm¢g Kkt ¢
ol arak yexkil sentez y°ntemiyle portakal kabujundan

bir

ver

r
I
i

ekmesinden olukan kompozit malzemenin elektrot yze
ml il ijini dimterdejé g°zlemlenmik
Anahtar Kelimeler:S ¢ per kapasitor, Grafen Oksit (GO), El ektrot,

Analysis of Performance and Structural Properties of ZRGO Composite Supercapacitor Electrodes
Obtained from Orange Peel

Abstract: Composite electrode ramaterial was formed by combining graphene oxide (GO) powder obtained by
Hummers method and zinc oxide (ZnO), a metal oxide compound obtained by green synthesis method from orange
peel, in certain proportions. 10, 20 and 30% ZnO was added to 10 gramgbiegeoxide powder and composite
electrodes were obtained by using 10% binder (the binder was dissolved-migthM pyrrolidone (NMP)). With

the varying capacitance value$the synthesized electrodes, the energy storage performance of a supercapacito
and the characterization of its structural properties were analyzed. Structural characterization of ZnO/GO
composites was performed by XRDréy diffraction) and FESEM (field scanning electron microscopy). The
electrochemical properties of the producdO/GO electrodes were analyzed by cyclic voltammetry (CV),
electrochemical impedance and galvanostatic chatigeharge tests. As a result of the analyzes made; It was
observed that the specific capacitance value of the obtained electrode increasedziag tfatio of the ZnGO,

2ZnGO, 3ZnGO electrodes produced from the ZnO/GO composite material used increased. Maximum specific
capacitance valuewere measured as 194.23-Fg366.81 Fgl, 383.18 Fgl ve 410.48 F¢. at a scan rate of

5mV/s, respectivelAs a result, it was determined that ZnO nanoparticles obtained from orange peel by green
synthesis method, it has been observed that the use of composite material consisting of a combination with GO
increases the electrochemical efficiency of the supeaitg.
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1. GKRKK

Géenegmegzde artan ener ji i htiyacené karkélayabilm
birlikte yeni nesi |l enerji depol ama sistemlerin
sistemlerinde g¢- kayna]léekotlrairkakkaepn@/snipjjlé’rirvdi@rr|<;5i8Hi
s¢é¢perkapasiteor -ekitleridir. Dielektrik kapasi't
elektroniklerde tercih edilirken, lityum y o0 n piller Zamanl é -al é
sistemlerinde t&ri h edi | mekt edi r . Sé¢pe iterler i se
al érl ar . Enerji yojunl uju b a an di el ektri
keyasl andeé a kararl el éeklar vl e es grer kag
daha iyl p rmans g°ster mek er [1]. Séeper
geni K séca ar al ek ldaerkéanrdja e-dailléekbaibliilrme s4 € v rheé :
°mr ¢ nén aaské , e knoanl oi nyi ekt gevenldoi ve kararl é
ava r [ 2] .

de enerji depol ama ol a
e kullanéldakhka¢szekegttehek
afen, aktif karbon gibi) m
arda tam ki myasal kararl el e
kapa5|t°r enerji <cihazl arénd

il gi -ekici hal e gel mi ktir
ak ama-,za0,3n&ygabi okeiptit maalr 2e me le
ot yapeéeménda kull anél maya backl
8 eV bant aral ejéna sahip ve di
renerjisine sahiptir [ 7, 8] . Ayr
, 650 Ah/ g enerji yojunlujunun vyg¢l
cretil p elektrot mal zemebh al arkbakel matEhan
, mMekanoki myasal proses, RF plazma sentezi
Zzi ve kurutma, buhar takéném prosesi, yekxi
mi larmroogrigbaini zimadl oj i k ve ger.i done¢kt er el e
Y -evre dost u, toksi k atéek olukturmayan,
kl arénén el de edil mesi nde Kkrot Elde®delBilimeké kKt ér .
mpozit mal zemel er czerinde -al ékél mékter
ok s(imet ehlem de y¢iksek g¢- yojunl ufoksit ( kar bo
mal zemel eranell enlatkt @atd eyapameidgd .kul |
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, r d e k arelt can kocknspaazi t 1 i el ektrot -al exmal
asit°rlerde kull anél mak iczer e sentezl e
ozitlerin speeFg'bi lukapasteapstdei ei khiend
adakl are [ 13] i ndi sagZnOeni & k tgrraad e ns eorktsea z |/
e
t

T OMmMM® TCSCS!' TXOO TSTOQOTNCQOQOTTOODODOD® S T
N -

ri spesifi%]lkaarpasks i°tlams, kdejrer iBruinruind 1a2 bR g
roduna oranla daha y¢ksek kapasitans de
Mo han vV e ekip arkadaxkl!l ar é [ 14] sent e
ansl aréné °1I1 - m¢k Yv,e dRJOE KZtnsOa tell eerké& mao t guonr g :
k kapasitans dejerinin oldujunu belirl emi
dostu ve wuygulanabilirlifji kol ay ol masé ¢
k al kabmahompadan ¢, KplOl er i el de edil miktir. Da
n grafen oksit tozu ile belirl:i oranl arda
zit e@lekobrobinseéwe yapésal © zedillinkilketriirn.ii n Kk

DENEYSEL PROSUD} RLER

Hummer s Y°ntemiyle Grafen Oksit Sentezi

_"_'Q_—_'QOWQJ N ~—cO3D~TCcX™7TC D3~ 5 XS5
=~ —

XOPT 'O XANCOIOEC X< O *oc3oQazg 3K TXxAX
QCODPT DS X
OO DTV @

o
3
©
o

Hummer s Y°nt emi kull anél arak Grafen Oksit (GO) s
graft-Mer k mar ka) , 250 g se¢lferik adfdiot mee |l fi ks behiek e
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yavak d°k¢l deg ve iyice birlexktirilene kadar yava
boyunca s¢rekli karéektéereéelar ak kademel i ol ar ak
yé¢kseltildi valkalsamt adldywnrdaa t ut ul du. Tepki meyi
m| yeé¢zdeOi3l0awe Hedil erek madde yavak yavakK Seyr e
dej i ki klifi g°zlendi . El de edil en ¢r ¢somizepiHlen©®t r al
yékande, Ardéndan ortaya -ékan ¢reéegn etanol il e

B°ylelikle koyu kahverengi GO tozu elde edil[&®9.
30 daki ka karéektératacakl a@add850O0OACkanes d2pamasi y
kahverengiden koyu siyaha d°ng¢kt¢.

22Kndirgenmi k Grafen Oksit Kkl emi

Kndirgeme i kK| emi i-in 2 g toz halde bulunan GO ¢
karékteueéteéepsdnslabanyoda ikl em yapeélNsEHavee r . Kar
edil erek 95 AC sécakl ékta 8 saat manyeti k kareéext
karékém il k °nce aseton i |laen asroankr afsiélntdrae d ey osng zz¢el no
mal zeme oda sécakléejénda kurutul muk ve toz hal de
23Port akal Kabuju Kullanélarak Yexi/l Sentez ZnoO
Bit ki ekstraktlare i-in 10gr taze ypeokratnakpa |v ek albOuQ
saf suda 100 AC' de 60 daki ka kaynatéeldée ve so]

toplandé. 50 ml spklagtérkalétr&!l a5@kZvENQ 00 ACO6 de | i
tutul muktur . Jel2 Kk ad &kiékna 4t00Dv IALCrOmédke ve mal ze me ¢

nanopar-acéklaré el de edilmiktir (kekil 1).

I + .
S0ml extract*5g ) onsc ge 120 dk

- . Zn(NO:z):z :
Portakal Kabusdu 100°Cde 60 dk  Filtreleniyor ( ')f .SH‘O tavlama yapilir  ZnO
> kaynatiliyor ) " ) nanopar¢aciklan
-~ q
&~ X “ ,;L;, P
s 4 .
S ! | o ) | .
- ’ \‘ i) 8 \ 3 S
' e A L A —
kekliPMort akal kabujundan yexil sentez y°ntemiyl e .

HPn %yhkDh 9fS]TGNRGEF NPYPY «NBGAYA

ZnO ve GO mal zemeler belirli oranlarda katkel ana
olarak 10 gram gsafhen %dlsiotr am@éndai Z@tO ekl enmi K
(bajl aae@dd NMirolidon (NMP) ile -°z¢lecektir) ku
ZnO/ GO kompozit elektrot mal zemesi el de edi |l mi kKt
yékande Daha sonra da oda sécakléjénda kurutuld
ZnO) ayné uygul amal ar kull anéel arak grafen oksit
olukturuldu. ZnO/ GO komphkilt2mhmadeemebeeirnl mi gtet
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kelkiZiInO/ GO Kompozit Elektrotlarénén | retil

BULGULAR VE TARTI k MA
3.1. Alan Taramal & E$EMKkAnalizin Mi kroskobu (FE

FEESEM anal i zi kompozit mal zemel erin mor forl ojik
faktorde¢gr [15]. El de edilen rGO ve kompozit ZnGC
kar kél akt &r maS EyMa pomiakkr oig-rianf,| aREE f ar k1 & b ¢SEMt mel er
mi krograflaré i ncelendi]ienddiel eyne k-iilnk®e notkeszi tii ml, en
kompozit mal zemel erde ortalama kristal boyutu ¢z
birbirine benzediiji gzl emlenmi ktir. ZnO nanops:e
ol mayan e idajkéeelkmdkd ve oksijen i-eren gruplar ol
tutunmukl arder

Portakal kabujundan el de edilen ekstrenin kulla
tutunmasénda °nemli etkisiavaklid@Eakt Ayregaenwhene :
keséetlayarak toplam y¢zey alanéné ve dol ayéseéeyl a

a)rGO b)ZnGO €)2ZnGO d)3ZnGO

kek3irlGO ve ZnGO el ektr ot FSaErMe nGEnr ¢fnatr¢klle&r iboyut | a

32.%X1 kenl arée Difraktometre (XRD) Anali zi

Kristal -9y0ap@EA aarr;akleth leada Kér-8m@meanAXiSzD8) XRDe i |
Kompozit el ektrotld4ardeen oCRD; |pmekkliteerdii rkekBllde edi | €
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(rGO) i-in kekil 4 (a) sentezlenen grafitin yans
pi k, grafit karbonun (002) d ¢-@) sentezlenen ZaQ/RGO k ér € n
kompozitinin XRD analizinde rGO ve ZnO06 vya ait
33.48 , 36.41 , 46.57 , 55. 43 61.88 65. 46
(101), (102), (110), (103), (200), (212), (004),(R02ve (104) d¢zl emlerine kar K
no.3961 451) . Bu durum kompozit yapésénén wurtzite
kompozit i-erisinde ZnO6é ya ve rGOd ya ait ©o|&l I
uyuml u  bir kombi nasyonu yapélan XRD analizinde t
kapasitorlerin iletkenlik ve dayanéekl él ek ©°zel i
ol ukturmaya yardéemceé ol abialkilra.k eékarObh o7 &gt omu mkm a
-apé ise yaklakék 0.74 ve oksijen atomunun at
oranéeyla XRD piklerinin kiddetleri birbirine dah
Kiddeltdri %93 & ZnO katkéel é 3ZnGO6 da daha dengel.
seviyeye gelmiktir. Kompozite eklenen ZnO nanop
grupl akmayé etkili bir kekil doisefiyeye geimesintekitemel Pi k K
sebep ise artan Zn par-alaréenén graf endiSEMs®° n¢ ml e
analizinde de rahat-a g°zlenebilir [17].

a) ] b)

200 * (400)
gmn— '% E.fgg
£ £ ¢ *,

10 30 50 70 %0 10 30 50 70 90
Angle (2 theta) Angle (2 theta)

0) d)

{400} (400)

Intensity (a.u)
Intensity (a.u)

10 30 50 70 90 " ;o sln ;o -
10
Angle (2 theta
gle ( ) Angle (2 theta)

k e k4i XRD pikleri a)rGO, b)ZnGO, ¢)2ZnGO, d)3ZnGO,

3.3.Elektrokimyasal Analiz

Yexki l sentez y°ntemiyle elde edilen ZnO farkl é
Zn GO, 2Z2nGO, 3ZnGO kompozi't el ektrotl arénén ve
ol arak spesifik kdeegaskiitndnresr idejkerklidr iSrada@lai ver i | mi
hezlaré 5mv/s, 10 mV/s, 20 mV/s,50 mV/s ve 70 mV/ s
sentezlenen elektrotlarén 5mV/s taram&®l¥He3xz énda e
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°me¢erl ¢ o

| & y¢zdelerde ZnO katkélanarak olukturul an
rierini g°steren Bygai gPsempedamxtejrri INgmgiuils
en elektrotlarén i majinal ve reel empedans
ninin kesiktijJi yer elektronun ©°z diirreennc-i ni
anélan elektrolit sévésénén direncini, elekt
ncini i-erir [18]. Kndirgenmi k grafen oksit,
O ve 3ZnGO elgealkatfriktlleariére MY gwi stkdej er seri
, 6.9q ve 4,3q civaréenda °I| -¢1l mgkt ¢gr .
30
® GO ® | [}
25 B GO
2ZnGO L ] o
® 32nGO °
[ J
S
=
£
2'5 30
ReZ' (Q)
kekbiNyqui st EJriler.i
eme |/ bokal ma sérasénda, el ektrolitten gel e
trotl arénén vy ¢ kKnddei progbeganrmaibke k Er ctain amé k f ar k1 é
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ekl enerek olukturul an kompowarj edijerkitlrertil ad.eh, gQ.l
yojunluklarénda [0, 0.8] V aralejénda °1-¢1 mgkt ¢
0,6 0,6
rGO | — o0.1Arg ZnGO | — 0.1 A/g
— o —— 0.3 A/
0,4 - e g.gﬁfg 0,4 - — 0-5/-\/?; | 63
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kekiidal vonasbDekakj k&fjileri

Her bir kompozit elektrot i-in Kar|j /| dekar|j ej
dekagrjel erinin arttéjée g°zlenmektedir. Bu durum
istenilen bir ©°zelliktir

SONU¢

Bu -al exmada, yeki l sent ez yontemiyl e portakal
Hummers y°ntemi gheoé&kdeée ¢oizuenl gradelirli yexkil s
ZnO farklé y¢zdel erde katkél anarak komp.&de t ZnGc
edilen ZnO/ GO kompozi't elektrotl arén ktaiqpadsi t ans
y°nt eml e ol ukturul an Zn O/ GO kompoxEM gardédret] éelrd |
incel endBSEMndlee RH énan g°re¢nte¢lerl e XRD sonu-1 a
gor ¢l mektrekdier y¢zdel erde yexkil asnentierzk oy °mk imti y ina
kull anél arak ¢retilen ZnO/ GO el ektrotlarén kapac
5mV/s tarama hézénda en y¢ ¢ksek kapasitans dejer
oksit oranéen %3VZmGOnaesléeg/dtar ogddent ik emasi tans °zell
ile elde edilen ZnGO ve 2ZnGO el ektrotlardan dal
tabakal arénén araséna girerek yg¢zey alanéné ar
kar ékeéemdaki oranénén artmaseéyla elektronlareén tu
dejerinin de artmék ol duju g°r¢l mektedir. El el
dejerindeki azal ma miktmadérree %dej akiak &zdoir | Bl
oranénén artmasé, ZnO/ GO ol arak el de edil en komp
al dejéné g°ster mekdteekdairrj. tQasltviadneo s-tiantkiok okraarnjén ar
elektibt | arén «KkKar | dekar | s¢rel eri de dejikmektedir.
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y°ntemlerle elde edilen ZnO nano par-acékl aréneéen
spesi fik kapasitans ©°zeddikterimie yYakhat gg&make
el ektronegatif ©°zellije sahip kompozit elektrotl
KAYNAKLAR
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G¢gnek Enerjisinin G¢g- Kalitesi

Ar akt ér mac é ! AssoeRrof.r KEpcan iyt
el dez Teknik | niversitesi

*Corresponding authcoAn dk pénar

¥zebt¢ nyada enerjiye olan i htiyacén artmaséyla ve fosil
enerjiye olan ihtiya- her ge-en g¢n daha da artmaktad
edilen elektrkkbeneajteékndezihekmektedir. Lakin yeni ¢
Kebekeye entegrasyonu bazé problemleri beraberinde ¢
kesi klidir ve -evre Kartlarénd abempl adéna, Btl idak egil saf
dejikimlerine sebep ol abil mektedir. Hem g¢nek panell e
i-in g¢- elektroniji elemanlaréna ihtiya- duwemakt ader
akém dal gal arénda bozul malara sebep ol maktadeér. ¢al &«
kalite problemleriyle ilgili.@i l'iteratg¢r arakteéerel mase
sonrasénda MATLABEénSd arkuil i m& | ipreozg&rada t asar |l anmécxk si st
gzl enmi ktir. ¢cevre kokull areée (sécakl ek, r¢zgar heéezeée,
dejJi ki klikler yapélarak, si sstyeam ¢szoerru -nldaerké n deat ka lsu K agn® z
ve harmoni k grafiklerinin g°rselleri payl akél mexkteéer .
gerilim, akém vb sayésal dejerlerde -aléekmama ekl enn
Anahtar KelimelerrG¢ nek enek jpamel ig,e, ngy - kalitesi

Power Quality Analysis of Solar Energy

Abstract With the increasing need for energy in the world and the damage caused to the environment by fossil
resources, the need for alternative energy is increasing day by day. Especially in recent years, there is a high
increase in electrical energy produced freolar and wind energy. However, the integration of new solar panels

and wind turbines into the grid, brings along some problems. Solar and wind energy are intermittent by nature
and depend on environmental conditions. This can cause voltage fluctuitbess and frequency variations in

the system. Both solar panels and wind turbines need power electronics elements in order to be integrated into the
grid. This causes harmonics in the system, causing distortions in both voltage and current wavestutty nay
literature review was carried out on the power quality problems occurring in both wind and solar energy systems,
and the problems that occurred before were determined. Later, problems were observed via taking advantage of
the already designed sgsts in the MATLAB Simulink program. y changing factors such as environmental
conditions (temperature, wind speed, insolation level), load, line length, grid, etc. in the factors, the effect on the
system was observed. The images of the waveforms and hagrephs formed in the simulation results were
shared. In addition, the power in the system, the total harmonic distortion, voltage, current, etc. numerical values
have been added to my work

Keywords:Solar Energy, solar panel, power quality

GKRKKk

G¢nererjisi; rézgar enerji, hidroelektrik ener|
t¢rler|n|n de i-inde bulunduju yenil enebilir en
1980 | rden itibaren fto&e&kkEnkhkavapkkEaoénarkhul, |l apgmd
vV e atmosferin daha da ésénmaséna neden ol maktade
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Elektrik Kapasitesi (MW)
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kekibD¢nlyada Yenilenebilir GERenmjfi jKay@2akl ar @&nén
Yukar édaki grafikte R20dadi yéehéadpaeni témabielni mOelyé
gz¢kmektedir ., 2021 yélenda 3068 GW kapasiteye
ol muktur. ¢in 121 GW kapasitelik katkéyla bu piy
ve Avriipa gel mektedir Yenil enebilir enerji kaynak
santralleridir Kl eri ki yéllarda g¢nek ve r¢zga
°ng°r ¢l mektedir [ 2]

Elektrik Kapasitesi (MW)

kekibD¢gnyy:ada Yenilenebilir E®Geriji2l j Kaynakl ar é@énén
Yukarédaki grafikte 2011 ve 2021 yeéellarée araseénd
gz¢kmektedir Dijer yenilenebiliridnerjROkaywpwael
73921 MWédan 2021 yelénda 854976 MW dejerine ul
&-é¢nceg yenilenebilir enerji kaynajé iken son ye
i ki nci sérada yerdal thak f & d épanclerdin toplapek WreguMewk g ¢ c¢nd
bir artek ol maktadeéer 2011 yéléenda ¢l kemi zde ku
dejerine ulakméexter [3] kuan ¢l kemi zde 37 1lisan
G} NEk ENERJKSKNDE OLUKAN G| ¢ KALKTE PROBLEMLERK
G¢ - kalitesi genellikle gerilim ve akéem kalite:
ol abildijince sin¢gzoi dakemadmgas &redkd i midre Ivien gearrli
frekaabén ol masée vb. duruml ar i stenmektedir. Bu
m¢eKterilere dajétél érken korunul masé i stenil mek
edi |l mesi ger eken unsurl ar Pbiul Wremakdg-ad&mal i tTeg kKot
et kil emektedir. Bul unduj u ortak hatta dijer t ¢
ol abil mektedir. ¥zelli kl e ark feéreéeneée, UPS, el ekt
yeéekl oer Si st eminn -z mklat ade&r . Bunun sonucunda
ol ukmaktader . Yél derém veya sistemde ol ukan KkE&é:
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promlemlerini arttéeracaktér. Sistemdeterklarivd. anél an
el emanl arla olukan bu probl emler ortadan kal dér
bozul maya g°re kendi i -inde farklé seéenéeflandér él
problemleri a-éklanméxkter.
GeriimDalgalanmasé ve Flicker
Gée¢nek exkénémlarénéen geéen i -inde sg¢grekli dej i k68e s
biridir. G¢e¢nek éxkénlarénén fazla ve t¢gketimin a
ol masé durumunda i seedgeerri 0O smmbiyl¢éikrs.el MMadanei stem
dejerlerinde olukan s¢reklii deji kmel er dal gal at
Sistemde kull anélan gelikmik kontrol el emanl ar é
geriim dal gal anmal ar é, flicker, ger el te, enerj i kay
beraberinde hetirmektedir. Ayné zamanda kKebeken
°nemlidir kebekenin g¢-1 ¢ ol neaas éd exverbee koer aemepre dfaan
har moni k i -er memesi |, gerilim ve frekans dejerle
ol dujunu g°sterir [6,7]
Harmonikler
G¢éneck panel |l eri si st eme entegre ol abil mel eri i
Konverterlardan -ékan gerilim ve akém |lineersiz
Bu da g¢nek panellerinde olukan harmoni kl erin e
-al ékmal ar da, kul |l anél an akkoénnvdearktie reanr ngo¢n-i kd edjegreil
artekéna sebep ol maktader. Si stemde konverter a
kull anél masé durumunda harmoni k dejerl eri azal al
KebekedenaukékhakKeeke akém dejerinin azal maseéeyl
Nominal y¢k altéenda ikletildijinde sistem, har mo
Sistemin end¢gktif ye¢gk durumunda okmi ke jveerylae rki a pfaas:
¥zellikle y¢k durumunda sadece akém tarafénda bo
seviyesinin d¢gke¢gk ol masé sistemdeki har moni kil er i
arttéeran bir LUesundorarSmasé&l ek aderal masé da harm
et ki olukturmaktader [ 11]
Transientler
Sistemde ol ukan hatal ar, késa devreler, yeéldeéerél
Ayné zamanda kont falndai stiasmiemy e tl kr sliez re@lycdu gi r me
da sistemde transient olukmaséna neden ol abil mek
A Kk &Geréim
Yéken az, besl emenin fazla olduju durumlarda ko
durumunda hatkageai &animleygkol ukabilir. Bu da kKebe
zar ar verebilir. Panell er czerinden kKebekel erin
motorl arén ésénmaséna, akKkeéereé - aobtyenamgianelainetnedan ve tr

olabilmektedir [8].
SKM} LASYON ¢ALI kMASI VE SONU¢LARI

Bu b°l ¢mde, MATLAB Simulink i-erisinde hazérl annm
°rnek bir -alékma ¢zerinde sistemde olukan g¢- Kk

S m¢l asyon

Sim¢gl asyonda 7 tane seri, 88 pd3ExVHED hgthakda
panell erinden 616 tane kullanél mékteéer. Géi¢nek pat
-evirmek amacéyla | GBT yakéeinverkem &luémhamiedmeéain
toplam 480 V dejerinde iKki sitor ¢zerinden

a
olukan y¢ksek frekansl & harm i kl erin basteéreéel ma
yeksalklfiilftil ter bul unmakt adér . 30, 40, 60 ve 70
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ortadan kalder él maktader Konverter -ékéké THDv
dejeri 0,07 ye THDi de]eri Umb5@¢ yeeldga&a mede Ridli me k
and Observeo teknijinde faydal anél arak kull ané
Kontrol bl oju g¢necx panellerinden maksi mum g¢cé
sinyalini s¢ciekmekt etdtar ai sepmgéeekablDanvég2dn kYW/ tr
géenek panelini Kebekeye bajlamak i -in kull anél m:
rezistif ye¢k bajledeéer | 69
llokvizacx
w'. ' : : Iﬁ%
o c:klk‘ SSD 5 IGBTs Bridge (._% i C i
T ZS“L::.;%
kekiQ@¢n3k Panel. Sim¢gl asyonu [ MATLAB]
G¢ n e K | Seviyase
Géenek ékénlarénéen etkilerini uygul amal @ ol ar ak ¢
anal i zini power gui bl oJjundaki FFT analiziyle yapg
bajl antéejé ortak denmilikmemaoktkdsaendaki dej er
kekiFlardk:l & exkéném dej\wrdreafiinfei g°re ol ukan |
Tablol:l kéma dejerl erine baglé gerilim ve akeém
| K é&ma
Dejerl P (kW)
(W/m?) THDk | THDy |Ger i | i m [
50 38,67 0,07 1433 11,82
100 14,81 0,07 1433 24,27
150 9,91 0,07 1434 36,91
200 6,51 0,07 1434 49,67
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| K& ma
Dej er | P (kW)
(W/m?) THDk | THDv |Ger i | i m [
250 4,96 0,06 1434 62,5
500 3,16 0,07 1434 127,1
750 1,82 0,07 1434 1915
1000 1,52 | 0,07 1434 255,5 | 70
1250 1,10 0,07 1434 318,8
Si stemde nomi nal g¢ne’dlign meGinewil vengne @W0 yWhkimni
harmoni kl eri -ok y¢ksek oranda etkil emektedir. G
azdér G¢gnekl enme seviyesinin d¢gkmesi aktif gé -
noktasémdaalsievgegrisli nin de d¢kmesine neden ol makt e
dejerleri ihmal edilecek seviyede d¢gkmektedir
% L,‘J‘ h':‘ “‘.JH‘ "wl““"‘.l.“.“ r‘-‘"‘, “L.)M‘ “’“\“, ::”g D““V "« I\" ‘r;* I.“L‘ ‘L.\‘ I\“‘ "7\“ i:“i
DJ 0 il 02 gj“ o: ‘\“M‘;'[L 06 ‘l VM[ ] 71[
kekiQ@¢nbe:k|l enme seviyesine g°re akém dalgalaré (50, 10
dejerlerinde)
¥zl I1likle 5, 7, 11, 13, 17, 19, 21, 25, 31, 35
ol duk-a artmaktaderl|l ar. G¢nekl enme seviyesindel
ol ukmaséna neden ol abil mektedir.
Sécakl ek Seviyesi
Si stemde nomi nal °Cs éod aakrlaé&kk vsaervsiayyeeslimexi éer . Si sten
ol dujunu g°zlemek i-i farkleé sécak dejerlerinde
Tablo2Sécakl ék seviyesine g°re THD ve g¢- de
Sécakl) d HTHD, |THD, [P (kW)
-10 1,56 0,07 279,4
-5 1,47 0,07 276
0 1,54 0,07 272,7
5 1,47 0,07 269,2
10 1,81 0,07  |2658
15 1,56 0,07 262,4
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Secakl) 8 KTHD; |THD, [P (kW)

20 1,52 0,07 259

25 1,52 0,07 255,5

30 1,49 0,07 252

35 1,48 0,07 248,5

40 1,60 |0,07 |245 | 71
45 1,62 0,07 241,5

50 1,96 0,07 238

55 1,97 0,07 234,5

Voltage (V)

kekiFlarek:l € sécakl ék dej erV ekdmeaektg€rries tgi¢gjnie K

Gének panelindeki sécakl ék nekteas ean dalaiz ad emaisléiyh «
azal maktadér. Ortak bara noktasénda rms gerilim

Yéken Dur umu

Sistemde kull anélan y¢k I'ineer ve omik karakter |
panell er tarafegdae deaki Ibeicreky ¢akkt $if st emd e bul t
karakteristiji ve |lineersizliji sistemde g¢- kal
Tablo3:Sécakl ék seviyesine g°re THD ve g¢- de
Yok kar ak|  THDg THD, Gerilim rms (V)
Omi k Yg¢ 1,52 0,07 14340
End¢ktif 1,66 0,07 14310
Kapasiti 1,52 0,07 14400
Yapélan -alékmada gerili mdeki har moni kl er sabit
akémdaki har moni kl er artmaktadéer. Ortak hat izert
azal érken kapasitif y¢kte dgeerridakr iafr tggek-€ ¢orl entaikmiec
kaynakl|l anmaktadér .
Tablo4:Y ¢ k¢n kapasitesine bajlé bajlé gerilim v
Yékeén

De] er| THDk | THD, | Gerilim
50 kW 1,60 0,07 14360
150 kW 1,58 0,07 14350
250 kW 1,52 0,07 14340
400 kW 1,66 0,07 14330
700 kW 1,60 0,07 14320
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Yeken deji Kmesii gerilim harmoni kI er. iszerinde e
artmaséna neden ol maktadeéer. Yéeken artéekéna bajl
yé¢ksekl mektedi rj.i Yvwek ¢the jkearriakdéewrdmsda | i neer seviy
durumlara g°re -ok daha fazla etkilidir. Sister
kull anél mékt ér Cenke yeéeken lineersi zRUWrki weervd ayle s
Bridgeo blojuyla diyotlardan olukan ¢(- fazlé ta
kontroll ¢ dojrultucu kull anél méexteéer. 100 oh[mM2 v e
generator (thyristor6 pul s es 0 |belnonjekytlead itre t°eCkefca kantgéi saé €deae k4109 r
.\‘n= \ T r‘l \II fn’
L A \ \ N\ \ f M\ LI O N (O T O Y O A O
A AN A AN A A e (N v R
e [Pt _I‘.".H\'.l".ul‘",||||.",‘glk'ﬂ|',|ﬂ",HI
e (L LV U e LT
Earth | Wl Rl Wl NI W WL R RITE (UYL
E \ \ \ \ \ \ \ \ Té, || |\| ‘||‘ I| HI ‘||‘ II ‘|| ‘|||
T Y Y N Y AR T
4] \ 'l‘ ‘.I | III I‘. | \II ',‘ 73] |‘| H ||‘ || ||| H ||‘ |\|| || ||‘ ||
28; | I'.. I"I Ilﬂ \ II‘, 'u‘ I' I'\ 205+ ‘l || { || |‘ | M || l | |‘ ||| ” || | | || I
S I T S T A L INNEENERERANRENRNE
1475 148 1485 149 1.495 15 145 1455 146 1465 147 1475 148 1485 149 1485 15
Time (s) Time (s)
kekilli nfeeer Ol mayan Y¢ken ¢ékék Gerilimi ve
Si stemdeki gerilim ve akém araséndaki l'ineersiz
sebep ol acakteér.
10“ T T i §
I 1 20f
ngh‘ dTg ok
o 8
0 7]
ar T 200
1 1.01 1.02 1.03 1.04 1.55 1.06 1 - 1.;)1 1;]2 1.63 104 1.;]5 ] I.IDS
Time (s) Time (s)
kekilLli nBe:ter ol mayan y¢k sonucu ortak bajlanté nokt
Si stemde hem gerilimde hem de akémda ol ukan THD
Tablo5:Li neer y¢ken entegre edil mesiyle olukan
Y¢k Dur umyTHDg THDy
Lineer y¢hlh2 0,07
Lineer ol n18,27 14,92
kebekenin Dur umu
kebekenin g¢-1¢ veya zayif ol masé g¢- kalite pr
oranén azal masé, Kebekenin empedanséné d¢kegk ol
akem |l ineersizIlijinin ol many €@ ¢ -hlagr mohnd kj uin-uer gne s
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dejikimlerini incelemek i-in normalde 1,5 saniye
nor mal Kartl ar alténda -al ékeérken, 0,5 saniyede

eskihalinggel di kten sonra 1,5. Saniyede 1,5 p.u dejer

iv......|,....u,um....,.,...A|\!l\!wwmummulWWWW

|
| |

]
|

I
/\lnl

il

gnal mag

Signal mag.

'lnm

0.8 3 15 18 2 18 2
Tm e (s) Tm e (s)

kekikleb%:ke dejikimlerine bajlé olarak ortak hat

Tablo5.k ebeke gerilim dejikimine bajlé THD de
Zaman A

(s) THD, | THD;

01 05 0,07 | 152

05-1 017 | 1,18

1i 15 012 | 9,02

1.5-2 0.07 | 4,41
¥zellikle 1,4 ve 1,8 saniyeleri araséndaki -ok vy
dejikimlere parelel akéemda azal ék ve haamoike Kk y ©° n
di storsiyonlaré bu bozul malar dékéndaki stabil d
kal ecé hal duruml ar éndaki bozul mal arda artmakt a
dejerde tut maya - al eéakrnmaékktéandaé rv.e kaezbaelkeéek égnear iparma | €
¥zellikle akémda ani y¢kselmeler ve bozul mal ar ¢
kalite problemlerinde etkili olabilmektedir. Sis

Aréza Durumunda
Her hangi bir aréza durumunda sistemde ani y ¢ kse
yéldérém vb. durumlar sistemde y¢ksek akém dejer
ortak bajlanté nokzasehdathbhiunkésvsardayneakasi mgl
baraya fAthree phase faultodo blojunu ekl eyerek ¢ -
5/60 saniyeleri arasénda ol maktadér. Sadece 4 da
* O"-:‘r‘:me = 008 - - 0.02 0.04 o ?rsime ©

keki kebh@kéi ki mlerine bajlé olarak ortak hatta
Hataya bajlé olarak gerilim yakl akék 0 dejerl eri
2000 A dejerlerine ulakmaktader. Hat a mérhatsbi t me s
ol ma ané déekeéndaki haroni kdeij st ior 8 jdied nd,alr 9% Tddda] earr
yé¢ksel erek bozul mal ar artmaktader . Hatanén si st
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Hat aya paralel ©°zell-idkk ¥ k delrmelketdeedi rh.arBnomu rk | year
har moni kl er sistemde yine artmaktader.

Hat Empedansénén EtKkisi

Si st emde Kebekenin model |l enmesi nde Nnfeeder 0 bl o
hatl arénén model |l enVWnersi oildan kail $ea@denakebhdReni n 1
hatl aré ol masé durumunda sistemdeki bozul malj|ard én
Tablo6.k ebeke hat wuvzunlujuna bajl é THD ve geri

Ha't Uzunl 5 10 15 20

THD, 0,09| 0,12 | 0,16 | 0,21

THDi 152 | 1,48 | 1,49 | 1,45

Gerilim (rms) 14340 14350| 14350| 14360

Ha't uzunlujuna bajleé olarak sistemin empedans a
neden ol acaktér. Akémdaki har mani haleratakt aOratzak
gerilimde y¢kselik ol maktadér . Bunun da sebebi h
SONUCLAR

¢tal ekxkmada farkleée kokull ar alténda sistemde ol utk
tal éeékmada sebeldd avnet &y ¢nko¢knt aosrét abka zb aal énar ak yapeéeln
gerilim dejikimleri, toplam har moni k di storsiy
gz¢kmektedir . Si stemin i |k devreye gi rmesinde
Har moni k analizlerinde bu bozul mal ar i hmal edi
sistemde akém harmoni klerine ve akém dalga «kekl:
ol mayan y¢kegn devreye girmesiulhneanh agar isleibnedpe ohl e
kebekenin gerilim dejikimler:i sistemde °zellikl
Y¢k dejerinin artmasé yada end¢ktif kapasitif ol
i se sadece aldemalzarbmanidkeljeirkiinme sebep ol maktadeér
ol masé reaktif gé - t ¢cket mesi ve ¢retmesine par.
Si stemdeki aréza durumu da hem geril i mdreadahem de
kal maséna rajmen bozul malar devam et mektedir. H
hatténén ekl enmesi ve uzamaséna paralel gerili md
kontrol kanizmasé gabilti mudajakl et uran® hat bi kFf
KAYNAKLAR

[1] Campi |l | o, J. and Yan, J. (2008) . Gl obal sol a
Chinese mar ket o, Department of Public Technol og

[2] IRENA (2029 . A So |l anhttp:/Ewwereng.gr@Energyransition/Technologgolarenergy
[ 3] EPDK (2022). AEl ektri ko, http://www. epdk. c
[ 4] Ene0®022) Atih @s e K 2Etp:/Awwvy.eneri@idasi.tom/gundse r i

[5] Dugan, M.F., McGranaghan, M. F., Santoso, S. and Beaty, H. W. (2002). Electrical Power System
Quiality, McGraw Hill, USA

[ 6] Chua, K. H. , Wong, J ., Lém, Y. S. , Tayl or,

Mi tigation in Low Distribution Networks with Ph
Technology of China, 2021 (10):6

[ 7] Arécée, N. ve Kskender, A., (2016) AFotovolt
¢°cz¢gmleri 0, Politek#20k Dergisi, 2016 (23) 215

[ 8] Rahi mi, K., Mohajeryame, S., and Mwyweroobé,
Qualityo, North Americ-én Power Symposi um, 2016,


http://www.irena.org/Energy-Transition/Technology
http://www.enerjiatlasi.com/gunes

W, W)
K/ 15. UBAK, 1718 December 2022, Ankara(/
UBAK UBAK

[9] Nelson, J. A. (2010). Effects Of Cloddn duced Photovoltaéc Power Tr a

Protect éon, Masterds Degree Thesi s, California
[10] Chidurala,A . , Saha, T. and Mithul anant han, N. , (2
connected PV systems & validation with field me

General Meeting, 2015

[11] Torquato, R., Saha, Trindade, F. C. L. and Freitas, W.1(2 ) . fiAnal ysi s of t|h7 H
|l mpact of Photovoltaic Generation in Brazilian |
on Harmonics and Quality of Power, 2014

[12] Vinayagam, A., Aziz, A., PM, B., Chandran, J. and Veerasamy, V9(201L A Har moni cs As
and Mitigation in Photovoltaic Integrated Networ

[ 13] Tiangqgi , X. Ji shu, P. , Y a n-phase Valtage Imibhlance H. a
atPCCon SolarPan®lut put Power 06 Procedia Col2plut er Sci ence



W, W)
K/ 15. UBAK, 1718 December 2022, Ankara(/
UBAK UBAK

Presentation ID / Sunum No: 94

Or al Presentation / S°zIl ¢ Sunum

ORCID ID: 000600026094042X

| 76
Ré¢zgar Enerjisinin G¢g- Kalites
Ar akt ér mac é ! AssoeRrof.r kEpcannigyit
el dez Teknik | niversitesi
*Corresponding AuthorAn él Akpeénar

¥zeb¢nyada enerjiye olan ihtiya- her ge-en yeél daha d
getirmektedir. Gas emisyonundan °tg¢r¢, -evreye verdil]
fosil kaynakl aremakénreea pyeéan éeheéijya-kagr ge-en yel
enerjisinden elde edilen elektrik enerjisinde bg¢yek
kurulu g¢- g¢- bazenda artekeHE®nvéagéimaew!l dn¢wuj i ki md e
kurulu g¢ce sahip olan ¢-¢nceg yenilenebilir eneriji k
edil meleri bazé problemleri beraberinde getii-rimelgtiedir
el ektroni i el emanl aréna i htiya- duymakt adeérl ar . B u
dal galarénda bozukluklara neden ol maktadér. R¢zgar h
gerilim ve frekansfldiadlgardlaamalwalb.eé g¢- kalite probl eml
r¢zgar t¢égrbinlerinde olukan gg¢- kalite problemleriyl
MATLAB Simulink uygul amaséndarkderhaflayhdalecadar ala,s alvd taanlé
R¢zgar heze, y ¢ ko, Kebeke vb. faktoerl eri dejiktirere
Sim¢gl asyon sonu-I|l aréeénda olukan dalga «kekilleg-i, ve ha
gerilim, akém, toplam harmonik distorsiyonlareé vb. de
Anahtar KelimelerrR¢ zgar Enerjisi, R¢zgar Terbinleri, G¢- Kalit

Power Quality Analysis of Solar and Wind Energy

Abstract The need for energy in the world is increasing each year and puts energy resources in a strategic
position. Due to the emission of gas, giving damage to the environment and being limited in the world, the need
for new energy sources instead of fossil sesiii€ increasing each year. This triggers a huge increase in electrical
energy produced by wind energy. In the renewable energy source, the wind energy is the second energy source
with the highest increase in terms of installed power. It is the third ralplenwenergy source with the highest
installedpower after HES and solar energy. However, the integration of new wind turbines into the grid brings
along some problems. Wind turbines need power electronic elements in order to be integrated into thisgrid. Th
causes harmonics distortions in voltage and current waves. Wind speed is constantly variable by the nature, which
causes voltage and frequency fluctuations, flickering, etc. in the system. In my study, a literature review was
conducted about power quiliproblems in wind turbines. Then, quality problems were observed by using the
systems designed in the MATLAB Simulink software. Wind speed, load, grid etc. the effects of these changes on
the system were observed by changing the factors. The wavefatmararonic graphs formed as the simulation

results were shared. In addition, power, voltage, current, total harmonic distortions etc. in the system, values
added to my work.

Keywords:Wind turbines, wind energy, power quality

GKRKk

Géenek enerjiosiog re¢ z
teéerlerinin de 1 -1ind
1980 |l erden itibare
ve atmosferin daha

gar enerji, hi droel ektrik en
e bulunduju yenilenebilir en
makfioairlt ék&yrmalblagd &n ok alrlakné ma
da ésénmaséna neden ol maktade
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Elektrik Kapasitesi (MW)
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]
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2,000,000 | ]
| ]
1,500,000 -- |77
000 oy
B warine
1,000,000 M Geothermal
M sicener By
500,000 u 33::.;
M Renewable Hydropower
kekiD¢nly.ada Yenilenebilir Enerji Kaynakl ar @énén
Yukar edaki grafikte R20dadi yéehéadpaeni témabielni rmOelyé
gz¢kmektedir ., 2021 yélenda 3068 GW kapasiteye
ol muktur. ¢in 121 GW kapasitelik katkéyla bu piy
ve Avrtipa gel mektedir. Yenil enebilir ener ji kaynak
santralleridir. Kl erili yéll arda g¢é¢nek ve 1 ¢zge

°ng°r ¢l mektedir.
Elektrik Kapasitesi (MW)
800,000
70000

600,000

500,000
M offshore wind
400,000 M onshore wind
300,000
200,000
100,000
o

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

kekiDgnyada Yenil eneabriélniérn Euerrujliu K&egy-n atrliaf i J i [
Yukar édaki grafikte d202%zgall drc@banbdeendaki 2004
kum¢l ati f ol arak artéké g°z¢gkmektedir. 2011 yel .
sonunda 82348UakMiWedefperi Baktta g¢nek panell erine
kurulu g¢ce¢ en fazla ¢-¢nceg yenilenebilir enerji
il kemi zde de ayné kekilde yenilenebilir enerji K
enerjisinded2 011 yél énda 1729 MW ol an kurulu g¢- 2021
'l kemi zde r¢zgar teéegrbinleri hidroelektrikten son
kaynajeder . Bunun i-inde ve&rmiellam ake 2®drl 9d ggjéd recha atk
ul akmékt ér . R¢zgar te¢rbinlerinde 267 |1 i sansl e, 1
R, ZGARNERJKSKNDE OLUKAN G} ¢ KALKTE PROBLEMLERK
G¢ - kalitesi genellikle gerilim¢vebakleenm&k akaymras
kalitesini belirtmek amacéyla kull anélan bir ter

sin¢gzoidal dal gaakermk!| anaeérwea gleirn I i immeer |l i k ve
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vb.endherkutneldairr .i sBu ¢r etrida ni leenteindgniteers in vhea t
érken korunul masé istenilmektedir. lbreti
unsurl ar bulunmaktadér T ¢ keatkilemektedrar akt e
u ortak hatta dijer t¢kewlabdmekteslir i ¥del bukHtae
ne, UPS, el ektrik motoru, gé - el ektroni
i ni b 0 z mankdtaa ddéarl. g aB ukneuknl isnodneu cavie s d@nr € imy o/relya
e olukan késa devre ve hatalarda sistp/dde
l an pasif wveya aktif filtr el buproblegked i K mi K
bilrkeatédd.[e5 el G¢ - k aloiltuek ampmr obbol zeurhlnearyia g°r e ke
ndéer élrpakhtaatdeml eAkapfdédal ukaané kgl ¢a-n nkéaxltiétre. p

o v —
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i m Dal gal anmasé ve Flicker

temrib farkl é& r¢zgar hézlarénda i kletil mekt
mal aréna sebep ol ur. Bu da sistem i-1in
mal ar déekar édan 0 dlc keelra rod ka r fagkr ka need iman
ri il k devreye al é énda, anahtar | andEé
ol ukan f| cker nemli sebeplerinde
m sabit hézleée r rda tip duruml a
rindeki dalgal d dahaktnar el acakheér j
mal arén KkKebeke Il& Kak tteaxreé lbmas énték ien
dal gal anmal aréné ve cker ol ukumundak
iczgar karakteristiji, dijeri de bajlan
alarénda etkileyici bir unsurdur . R¢ z o
€ arttéek-a gerilim dalgal anmal aré da d
kadar devam et meélstee diarl.gaDamanal at ey
i ve pitch angle mod¢l asyonu vb. kontr
€ r¢zgar teéegrbinlerinde bu durum ge-er |
u n gerilim dalgal anmal aré DF8.G kul l
Kénda gerilim dalgal aréenda bir
aneél an a s eistdklerioden sispternde rgexitin? r | er
a sebep ol acakteéer. L
l & r¢zgar téerbinl eri
ratorler f1 cker ér
etilen f a
mi or @min 2 e
ir oran b
al anmal ar
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Harmonikler

R¢zgar t¢rbinl eriikndce i ol lemnan® nteavrl monkaynaj é gé -
]

kaynak!| anmaXve dypelr moTOepe eri nde g¢- el ektroni e
y¢zden de bu tip konfige¢grasyonlarda harmoni k ol u
ha moni kl er ve onu takiben 11. ve 13. dereceden
Genel li kl e -1 ¢ har moni k|l er i hmal edil ebil mekHt
s°n¢gmlendirmektedirl er. G¢ - el et T eni jeiki pmamartl:
kaynakl & harmoni k ol ukumuda ger-eklekebilir. Ame
seviyelerdedirler. Typ& d e r¢zgar tegrbini il k devreye girdifj
i -in kul-btaréel lkay saklte har moni kl er ol ukmaktader.
Hatl arda kull anélan transformat®rl er de dijer ha
yada transformat®r doyuma ge-ti] i ridektedsPlst emde ha
Transientler

Sistemde olukan hatal ar, késa unédwar&lnar ,neyd&Ind &1l én

Ayné zamanda kontifwndaisitetmé myieltlerddwvr eoya ugi r me
dasistemdé r ansi ent ol ukmaseée@la neden ol abil mektedir |
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Frekans DejJi ki mi

Frekansdaki dejikim t¢i¢ketim ve ¢retim araséendaki
Sret i mi arasénda bir dengenin sajl anmasné -exk to%ree
her hangi bir frekans deji Ki mi ol mayacakt ér . Ej e
cretilen g¢- daha az ol rsa sistemdeki frekans d
k

u
aynakl aré devrayepakanaédlnimatyani-la¢ @ kel ér yebqa
ékaréelarak ¢retim ve t¢i¢ketim arasé denge saJJ arl
retim kaynakl aré devredefll.-ekar él arak denge saj
SKM} LASYON C¢ALIVIEMA®ODNUCLARI

Bu b°l ¢mde, MATLAB Si mu WinthBarmi DFEDetaled Mdded haalzZerdlagn m
°rnek bir -alékma ¢zerinde sistemde olukan g¢- Kk

o

Sim¢gl asyon

Sim¢gl agdybniM&v dejerinde 6 tane r¢gzgar terbinlerdi
bul unmaktadeéer. R¢zgar te¢rbinlerinin toplamda d°r
¢al eékmamda -0 ft sargel é asenkromar gleemler &g t arkméd
don¢kt ¢grecel -8 memal olsani t mpktir. Bajl anté Kemas
el emanl aréyla yapeéeldéjeée i-in olukan kalite probl
mo d el s eHeri iki kohve ttier . da DC kapasit®°r tarafénda ol uk
-evirmek i-inBikwul damrédxktimankigme gktant ak hal kal aréna b
sistemden fér-alara ve statora bajlcegdér. eTekbirmnl
g¢- el de edil mektedir. Stator ve rotor aracél éj
kontr ol Si st emi pitch angleb6é dejiktirerek, kK ony
gésceé¢ ve Kebekegeeirmi mhernd&bntr ol et mektedir. Gg¢-
dej eri ve buna bajlée a-ésal d°n¢kK héze pozitif
Buradan ¢retilenr gtior rtodfoa § &t haghdalff c&qnyaeBln duauchdar

generat°r senkron hézén ¢(ste¢egnde ve kayma faktor ¢
ejiliminde olwkemlm&«k e Btua rdaifr akmatbesekk e W& na kktticfr ¢gcee- v er e
gerilimini sabit 1-1ab610é KMmadket Jaedréirn d eAytnuet ndauyraum t er s
torku ve d°n¢k héezé negatif ise elektriksel g -
-al ékélarak kayma dejeri pozitif ol acalkktedbrekeBu d
t ar afkéonndvaekrit er |l ar si stemden aktif g¢- -ekerek DC

Turbine and Drive Train

kekdiR¢zgar Sligmrebdiassiyonu [ MATLAB]
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Rotor taraféndaki konverterén teti k|l eme afnrsé&k ans ¢
45 dir. Bu y¢zden kebeke tarafénda 45. derecede
olukacakter. Bu y¢ksek dereceden harmoni kl er i S
model |l eyen i ki devre el emané sisteme bajlanméexkt é
Begee
T = | 80
w1 Q tvan — Wind (mie) — fvac
o e
%Mﬁﬁgasligﬂé EE* 1 . ]
| = seEat 2 LS B 5 G
Sebeke (120 k) et @5 ) Sirama eIV DFIG Wind Turbine
9 MW Riizgar giftligi
s E (6 x 1.5 MW)
AP -vdc(w
d Nx/l of N -IC] '@

e—o-#-a

3.30hi
" é e wr (pu) @
T
labc_B575 e s
=

k eilkd:R¢ zgar Sligmebdiassiyonu [ MATLAB]

OMWr ¢zgar -iftlijindeki hat 575 V dejerindedir.
dejerinde ve 120 kV [/ 25 kV dejerinde 120 kVA ¢
transformat®rl er araséndan 38ktkamliék. hah& smomdrds
kV dejerinde ¢- fazlé besleme kaynajé ile kKebeke
R¢zgar Heéze
Si stemde r¢zgar hezéna bajlée olarak nominal héz
bozul amal ar az bir dekjtearddeea . deNomli ssal ahte&k delf] ek in
bozul mal ar azal érken akéemdaki bozul mal ar art makt
da b¢yéemektedir Bu dejerinin altéenda r¢zgar hézeé
ejlii minde ol maktadeér l'st¢gnde bu dejerl er bazénde
sabit -ok az bir dejikme ol makta ve azal maktader
gerilimde de -o0ok az bir acdak die]j gndanmalkt agdkeéri.l i mMm
tutul duju varsayeél ér sa Baiknaimd as ehhierb i d gdre¢ kv iysa eandma K
dejerlerinin alténda -al éktéréldéjénda harmoni k
konverterlar arasn d a k i dc kapasit°rlerdeki gerilim dejer.i
bajl & harmoni k dejerl eri artmaktader . Nomi nal r
durumundan -ékmasé daha uzun s¢r merkde ,daghlea iddun v
kal makt adér .
Tablol:R¢ zgar hézéna bajl é& THD, V, -, P, Q d
R¢zgar
(m/S) THD\/ THD| Vrms I rms P Q
24 2,17 | 0,99 | 0,7216| 0,6211 | 0,8962 | -0,0044
21 2,02 | 0,96 | 0,7213| 0,6185| 0,892 | -0,005512
18 2,05 | 0,85 | 0,7217| 0,6253 | 0,9027 | -0,005091
15 1,99 | 0,81 | 0,7218| 0,6234 | 0,8997 | -0,004334
12 1,89 | 0,83 |0,7221| 0,5706| 0,824 | -0,004678
9 1,89 | 1,85 | 0,7189| 0,2714| 0,3905 | -0,001423
6 1,84 | 3,39 | 0,7149| 0,1248 | 0,1781 | 0,005873
3 1,83 | 4,85 | 0,7124| 0,06207| 0,0877 | 0,008907
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Yékéen Dur umu
End¢ktif yéek ve kapasitif yeée¢k kull anéména bajl e
Buna bajlée olarak reaktif gé - artmakta veya aza
kapasitif hatta da gerialdiémin Sy sk eenldme siiomenah eedery
Kapasitif y¢k durumunda sistemde harmoni k distor
yé¢ken bajlanmaséna bajl é& harmoni k distorsiyolnShar
Tablo2:R¢ zgar hézéna Qadée¢jee MHDdrL I V, I, P,
Yékeéen
ar a k t er THDV THD| Vrms Irms P Q
End¢kti 2,07 0,73 | 0,6121| 0,7024 | 0,8931 0,161
Kapasit 0,71 0,47 | 0,7787| 0,4468 | 0,9001 -0,706
Omi k Y4 1,31 2,85 | 0,7145| 0,1245 0,9 0,004424
Sistemde | ineetrkiod imaiy agm® ylekminemek i -in g¢gnek pan
olukan ¢- fazlé kontrolsg¢gz dijeri de tristor el e
l'ineer ol mayan y¢kler kull anél méktéde, Tatl ipkhlae me
dal ga geni k!l i 7jJi 40 teéer. Y¢ék ol arak 3MW [ ek omi k
ol amayan iki y¢k i -in modell eme yapél mékteéer .
S 1 esof .l'. ﬂ ,"I 'ﬁ JI | l" Ii | . ‘;I ;,l i! ;‘.I‘ \'l f.l .I'. JI :" '{ :Il
% a0 Zooof || 1T T
722600 §l|lll|l|l||ii.||ll |III‘ |1
5 2% L%’mo-' “' \ '“I’ I b “ i I 'ﬁ' 'J,i m‘ M { IU J|'l 'L; Jl" N ||L| * li”' I“ “‘
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Si stemdeki |l i neersi z

I € olarak hem geril.@
sistemdha ki mdir. 5, 7, 1

i [
1, 13, 17. dereceden har mon

Tablo3:Li neersi z y¢keéen ekl enmesine bajl é THD

Yé¢ken Kar al THDy | THD; | 82
Y¢ksez Dy 199 0,81
Li neer ol n 888 6,20
Aréza Durumunda
Her hangidubriumuanrdéaz asi st emde ani y¢ksek aykeélndéarré no !l |
vb. durumlar sistemde y¢ksek akem dejerinde tra

bajl anté noktasénda bir késa de-varleg K taérréazcaa jod zu.k tQur
Aithree phase faulto blojJunu ekl eyer ekO+140vef az ar

1045/ 60 saniyel eri arasanhda oslimmlekaaddi r. SHdasc e md
anéndan sonr adaetskiislteerned es ekbaelpé col abi | mekt edi r .
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kelkBiAreza anénda gerilim ve akém dalgal a
Hat aya bajlé olarak gerilim yaklakék O dejerler
ul akmaktadér . Hat anén bitmesine paralel kabktcéhak
her hangi bir etKki g%zl enmemi Kt ir.

kebekenin Dur umu

kebekenin g¢-1¢ veya zayif ol masé g¢- kalite pr
oranén azal masé, Kebekenin empedanséné d¢kegk ol
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Tablo4:Li neer si z y¢ken Dekdejnenrelseérnie bajl e TH
Zaman (s) THD, | THD;
0-10 1,92 | 0,79
107 20 3,07 | 0,78
207 30 1,91 | 1,00
30- 40 1,91 | 077 | 83
Gerilim dejikimlerine bajl é ol ar ak Ssistemin b e
dal gal anmal ar , osilasyonl ar ol maktader . Art éda
olabilmektedirSi st emi n kontr ol mekani zmasaé égenkt ather sakh
gerilim artékéna ve azal éexéena paralel bir dejikr
problemlerinde etkil:@ ol abil mektedKesaSdewvemddeck
generat®or vne yal enkottroornaalganreét i Kk stabilitesini g°st
ol masé olukan bozul mal arén daha az ol maséné saj|

dejikim g°zlenmiktir.
SONUC¢CLAR

¢tal ekxkmada farklé kokul ludrmabdlatr é wcea ksil 9 ttemdper odll ek
¢Cal ékrmgazdgaar - i ftlijineFadrajll@ kakulblaazr adléthnarmedka éal. L
toplam harmoni k distorsiyonlar e, dal ga «kekiller
devreye girmesinde késa s¢reldi dal gal anmal ar ol
ihmaledi | MRz gar hézénén nominal hézén ¢steéende ol ma
s¢rel i ol maséna neden ol maktadeéer. Hézén d¢kKmesi

akémda har moni k ol ukuml ar éna nzegaern hdaadkrt aanddea .
di st orsiyonl alrién egefrz ¢klmeskyteerdiyrg k¢n devreye girmes
bozul mal ara sebep ol makt agliegt erkeed ekrelnéd ko ygekddliim
olabilmektedirY ¢ krend ¢Meytak dpasi tr fzobhmabhéeézéndakiebakedeni K

d e vr evboetkieyiceunsurlai se sadece akéem harmoni kl erinde az
Yéeken kapasitif ve endg¢ktif y ¢ k ol mataégeriime a kt i f
deji kimlerine sebep ol maktader. Si stemdaaldiékar éz
bozul mal ara sebep ol maktader. Daha sonrasénda hi:
yapélan sim¢gl asyonSiseemde kotmta | g mzelkamineg mawtei mger i | i m ¢
sabit tutarak olukan hatalaré °nlemeye -al ékmakt
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¥zelder ge-en gén artan enerji talebinin karkél anabi
S¢rder el ebilir bir ekonomi k b¢e¢yéeme ve ener i gel ece
ge°r ¢l mektedir. Sera gazme isaeérinkiménlcayvyrmajklagmany di dme k ag
yenilenebilir enerji kaynakl aréna ve n¢gkleer enerjiy
negkl eer ener j-i al ehbkeimiennekgrik édrazn masé, shé¢madmases&oaoms &
giderek °nemi artan bir enerji kaynajedér. Teéep, tarén
enerjiden yararl aneéel maktader. Ancak negkl eer enerjin
bul unmakt &dhé@&ml|l ve demavantajé n¢gkleer aték sorunu diy
alanl arda yapélan uygul amal ar sonucunda oluksa da da
yeniden ikleme ve kazaneéenm kpiglonseessii gviebin ¢dkul reuem| asradmat rnael
N¢g kl eer at ekl ar vV e bu at ekl ar én depol anmaseé, i mhasEé
bulundurul masé gereken en °neml:i konudur. ¥zebBlikle vy
i Kl enmesi b¢yék sorunlara neden ol abil mektedir. Bazeé
yeniden iklemeye tabi tutul makta ve ateéeklar geri d°n,
¢l kel erde (iABDe, vkis.v)e-i,seKsat ékl ar dojrudan bertaraf edi
ni hai bertarafé i-in en iyi se-enejin uluslararasé ar
sadece Finlandiyadda yr kisekn skali geé¢ibirnddepktifckatedi
yapan ¢l keler i-in radyoaktif atéjén iklenmesi, take
beraberinde getirmektedir. Dolayéesépbackzebliukl al okkt
N¢kl eer atéklarén yeniden dejerlendiril mesi amacéyl a
simbiyozu ve kojenerasyon sistemleri gibi wuygulamal ar
S nop ve Akkuyu N¢gkleer Enerji Santrali projeleri il e
en g¢é¢venilir prosesin geliktiril mesi °nem arz et mekte
Anahtar KelimelerN¢ k1 eer At ék, Aték Y°neti mi ,syoN¢gkl eer Enerji,

Developed MethodsforRAs sessment of Nucl ear Wastes and Recommen
Turkey

Abstract In order to meet the increasing energy demand day by day, new sources have been sought. Nuclear
energy is seen as an indispensatdsource for a sustainable economic growth and energy future. Instead of
hydrocarboRrcontaining sources that cause greenhouse gas emissions, the tendency towards renewable energy
sources such as solar, wind, geothermal and nuclear energy is increasargahsrnative energy source, nuclear

energy is an increasingly important energy source in terms of both meeting energydamphd and ensuring
economic independence. Medicine, agriculture, industry, defense industry etc. Nuclear energy is used in many
different fields. However, nuclear energy has advantages as well as disadvantages, and we can say that the most
important disadvantage is the problem of nuclear waste. Although nuclear wastes are formed as a result of
applications in fields such as medieiand industry, they mostly occur in cases such as nuclear fuel production,
nuclear power plant operation, reprocessing and recovery process and dismantling of nuclear power plants.
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Nuclear wastes and the storage and disposal of these wastes are thenpuokdnt issues to be considered in the

studies of establishing a nuclear power plant. Especially the disposal, storage and processingl@fehigh
radioactive wastes can cause major problems. In some countries (Belgium, France, China, ete\ehigkstes

are reprocessed and the wastes can be recycled and reused as fuel. In some countries (USA, Sweden, Switzerland
etc.), wastes are disposed of directly. Internationally, there is a prevailing opinion that geological disposal is the
best option for theirial disposal of higHevel radioactive waste. Currently, only Finland has a permanent
repository for highlevel radioactive waste built. For countries producing nuclear energy, the processes o[ 86
processing, transporting, storing and disposing of radio&ctisaste also bring problems. Therefore, countries

that use nuclear energy have a great responsibility. There are applications such as hydrogen applications, purex
method, pyroprocess system symbiosis and cogeneration systems for the reuse of nucledn Wesfesdd of

Nuclear Energy, it is important to develop the most appropriate, most accurate and reliable process for Turkey,
which has made a breakthrough with the Sinop and Akkuyu Nuclear Power Plant projects, especially in the 21st
century.

Keywords: Nuclear Waste, Waste Management, Nuclear Energy, Purex, Plasma Vitrification

GKRKK

21. y¢zyelda n¢gfus artéekéna, kentl ekmeye, geli ke
Artan enerji talebinial kearmka&t iamabnémpsi kaynakl;a
yézyél én sonunda uranyumun kekfedil mesi il e orta
(Demirkol,2005T | BA N/ Kkl eer E n)ekr®jm¢ r R a pdoorjua, | 2g0alz9, petr ol 0
yani , bel li bir s¢re sonra t¢igkenecek ol an ve ser
rézgar, jeoter mal gi bi yvenil enebilir enerj.i kay
sayeded e ener j i arz ve talebin karkélanmaseé sajl anc:
enerji, hem enerjiafz al ebi ni n kar kKél anmas é, hem de ekonomi
giderek °nemi artan bir @p®&Ognyakenweajeédéal eBigén
bekte biri n¢egkleer santrallar aracél éjéyla kar KE€
késmé n¢ikl eer sant rTaélpl,e rtdaerné nk,a rekréd ¢asntnraik,t asda8w u n ma
alanda n¢kleer enerjiden yararl anél maktader. Té
-evre kirlilijinin azalteéel masénda, ener ji tal ebi

I

Ancak n¢gkleer enerjiodiamn dezavantajlaré dbhdbjul uhk
dezavant aj é ne¢ekl eerN¢g&ktleelker sartierkd adi y dbeipl,i rdmedy¢ st
uygul amal ar sonucunda oluksa da daha -ok ng¢kl ee
i K|l erthkeaza®m ém prosesi ve n¢gkleer santrallerin sok
(Osmanl eoj |l u, 20 1INk lgeierri ks abn®tlr¢anmh¢) evri 12)0.. vy ¢ z
il kede el ektri k enerjisi caktkmil anehmayh
Ancak enerji sreti mi séraseéndaki tepki me
radyoaktif madde sal eénémé ol makta ve bu durum - €
ger-ekl e K e lkasyomdarletéhditlemekedivi®® K KBRN ¢al ekt).ABDv®apor u,
AB, negkl eer at ékl ar i -in y¢ksek mebl aj¢ khlagecray ar
i -in ya Hindistan gi bi az gelikKmi kK ve (gE¢€
i mha ed erek kendi i nsanéneée zehirl me Kk t
ol ar ak d,| melit ek ar eu yerhd \j &n d/awrad mé kK
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atkekhmeénveepaoal anmasé, i mhasé n¢kleer s
rul masée gereken en °neml.i konudur. N¢kl ee
-ékmaktader . Dé¢kek seviyelil agteklar j khady
bilirken, y¢ksek seviyeld ateklar radyoakt:i
I|rIi akamal ardan ge- mesi gerekmektedir (Pc
yéksek yeeavidyeal ii kd tednlelyaer t abi tutul makta ve
yakeét olarak kull aneéel abil mektedir. Bazé ¢l kel erd
edilmektedir(Thinktech STM,2018)Y ¢ k s ek sevi yel i r ardiyloaikth dr tad re&kfl &
iy se-enejin ul usl ararase anl amd &Vorld eNadearj i k b e
Association,2022) A BD6 d e vy a l-unréaznciak tartaénksl ar én depol anmasé a
Tesisi bul unmaktbaedrétra.r aBfu rtaesséi skia loélcuep ,bi¢rl kenin t el

e
de
ar
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http://www.tuba.gov.tr/nükleerenerjiraporu
http://www.yok.gov.tr/2017kbrnçalıştayraporu
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(Tzoumis ve Bozzetti,2017Ayr éca g¢n¢gm¢gzde sadece Finlandiyadd

i -in kaléecé bir depo inka edil mi ktalran Kbsevliei-r | veemi
G¢ngmgzde bakaréséz yer se-im prosesleri ve ter
°rnekl erine raj men, ¢l kel er derin jeolojik bert.
enerji creti mi yaipfanatékehe rKllemmesrladytoalkénmase,
s¢re-leri sorunlaré da beraberinde getirmektedir
b¢yeéek sorumlul uk d(‘,Kmektedlr. Sor unlaardéark ikyait|l@d ketr
kalite standartlaré gibi konulara da °ncelik ver
N¢kl eer atéeklaréen yeniden dejerlendiril mesi amac
sistem simbiyozu ve kojenerasyon sistemtgtii b i uygul amal ar mevcuttur. N
dejerlendiril mesi ile i1 gild.i arakteéermal ar ul us|l
d¢enyada belir i ¢Ikelerde (ABD, ¢i n, Rusya vb.)
séraséndal/ sonrasénda epki mel er sonucunda a-ej
dePne¢gKeéemegneén, imhasenen y° etmeliklere uygun bir
sajl anép sajl anamadéj éneén ar aktuyegedlmansaél,ar Baon, ko
belirl enmesi, yeni y°ntemlerin °neril mesi ve e€en
yé¢zyélda Sinop ve AKkkuyu Negkl eer Enerji Santrald@
uygun, en dioljirmu, prems ggivien® neBu Itmesi- alged makgédmrdd,n
T¢e¢rkiyedbde negkl eer enerjinin gelixkimi, ge-mi Kt e
-al ékma mekani zmal ar e, D¢e¢nyada ve (Irekiky e eid-dien nry K
aték y°net i mi prosesinin tanémlanmasé ve gelece]
N, KLEER ATI KLAR VE Y¥NETKMK

2.1 N¢kl eer Atéekl arén Sénéflandér &l masé

At ék, herhangi bir faaliyet sonucunda oséRaga, - €Kk
sonrasénda n¢gkleer at ekl ar meydana gel mektedir
sérasénda ger-ekleken fisyon tepkimeleri sonucul
atékl arder . Kull anél mégernagkldeémry &PO&t loarangaddad
oraneénda i se fisyon créenlerine -evril mektedir

(UAEA) 6neén tanémeéna gere i se; 06radyoaktif at
tanéml anarhlaar ianl ad radyoi zotop konsantrasyonu

déekenegl meyen mal zemel erdird66. Ancak radyoaktif

yakeéetl ar yeni den i Kl ener ek tekrar enerji r
Osmanl o] | ¥,)201RMad8y oakt i f at ek, daha wuygun bir t
radyoizotop konsantrasyonuna sahip olan ve iyoni
risk olukturan, kull anem deaueg2B@hrdmeékx. her t¢rl ¢ a
Il AEA (Ul usl ararasé Atom Enerjisi Aj ansé) taraf e
Bunlar;

a) Muaf AtREHwaol 6MAKk: et kil er i ve radyoizotop kor
n¢egkl eer denetim d&rk én@samaréelr akjéell u,n2 &l 4£:k9)a.r d

D¢kegk ve Orta DeKzeesya Ateé kulzaurn (sDyQDeA)i: d°nemde |

(e
~

toplumun korunmasé a-éséndan tedbirler al enmase
atékl arder . Bu aihéaklg,asrt,srewafyeaiteéklaairyd)mrktda ma d d ¢
hatta sojutma iklemlerimnin yapél masé gerekebil
radyoizotoplarén yareélanma s¢relerine go°re, k ése
y &l czeri i -in) olarak séneflandér él maktadeéer (Os
radyoaktivite yen¢égnden %1060 ni d¢ K¢k d¢zeyl i at
radyoaktivitesi de¢kKektor .veDukréakn yduenz e ytleis ia ted kel meern
g°re aktivitesini - ok daha -abuk kaybetmekte ve
yok etme ©°ncesi konteynerl erde yakeélabilir ya ¢
zér hliahmaiyywa- duyul maz. Sadece altée su ge-irmeyen
(¥nge¢, 2014) D¢kek seviyeldl at éekl ar, radyoaktiv
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edilebilirler (Pol atojl u, 20I6%i niT,,y mr adydyalatkit v if
%4 6¢n¢ ol ukturan ateéekl ar, orta d¢zey negkleer at
radyoaktiviteye sahiptir. Ancak orta d¢zey negkl o
tutul masé rgerQrktnee kd @gzdey n¢gkl eer ateéekl ar, yaket
santral de kull anél an el di ven, re-ine, s¢zge-,
maddel erden ol ukmaktader. Bu tg¢r satsélelmareen katé l
getirilerek depol anmaktadeéer (¥ng¢,2014) . | 88
c) VY¢ksek D¢ zeyRaAtyokalkari f( YahA)k:l ar én haci mce %30
%956ini olukturan atéklar, y¢ksek dezegthakleegnm
da kull anéel méekx yaket yeni den i Kl enirken cretil
Kull anéel mék yakéetén %96, 461 ¢k késmé yeniden ikl
radyoaktif atéekl ar & saéz alrneatsiémiin-iinn vseo jruatdnyao ahkatvi uvzil
(¥nge¢,2014). Y¢iksek seviyeli tedbirler alénmaseén
seviyede radyoaktif madde i -eren ateklarder. B
uygulannra s € ger ekir (Osmanl éeojlu,2014:9). Sivil vV e
sonucunda y¢ksek seviyeldi radyoaktif atéklar ol
radyoaktivitesi yéksek ol dupfdepolanéreakt o] ymb ¢
(Pol atojl u, 2016) . Radyoaktif atekl ar , | AEAGNEéEnN
bajl aménda insan ve -evre sajl éjéna zarar ver mey
2.2. N¢kleeri lAg ekl ori®lnietjilmiel er deki Uygul amal ar
N¢kl eer atéklar sorunu i -in kesin bir -°z¢:;m yol
At ékl arén hacminin yani kapl adejée alanén k¢-¢1t ¢
atéklaréni mebehrilli s¢reler sonunda bakém onar €
ve Fransadda mevcuttur. ABDOGde ise bu konu il e
ener ji creti mi sonucunda ortayad r-i ékam 0y gkesterke rdeae
olan 700 adet derin kuyularda sakl anmaktadér (At
gereken en °nemli husus, ateklaren radyoaktivite
g°re alénmaséedegpks¥knd¢gzeyl negkleer ateéeklara uy
n¢gkl eer atéklara uygul anacak ol an tedbirler fark
negkl eer santr al i nKkaséna bakl amadaéh ar°énrncéen sgeejr |
gerekmektedir. T¢e¢m bu °n kokull arén sajl anmasé
santrallere kéyasla daha temiz ve -evre dostu bi
Yeralté depol amaaty@jnég)nic (Gilee r e¢ kdlerdrnl i | e, yer al
ri skinin olmadéjé kayalékl é alanlara depol anmase
derin depol ama tesi sl eri bul unmaktader. Finlan
ol ukturduju yeraltée depol ama sistemini 19926den
Mexico yakénénda bulunan il k depol ama tesisi ol &
radyoi zotopl arén depolanmas&l amaektyénrn @(BO&® yeRe@r
At ek Kzolasyon Pilot Tesisi (W PP)o6nde bertaraft
daha b(,yc,k mi ktarl arda ve daha tehlikel] radyoal
ber tia-riaf eéYucca Dajéoéné yeniden inka etmeyi planl
bertaraf tesisi mevcut dejildir. Bu y¢zden Yucc,
(Tzoumis ve Bozzetti, 2017).

Al manya ve Fraante&tdarnfibbéatl é ve silikatl e mal:
-eli k kapl ar i -erisinde hava sojutmaleé ge-ici a
ocakl aréenda, Al manya Asse tuz made relpeorlianmdaek,t aldreg
SSCB ise atéeklarén radyoaktif atéklar ol dujunu g
géeneyindeki g°l Il ere atmakta ve ek0|Ojik dengeni
(Bakér,2013) . Hi ndi sptodn@ddark as &hldea & Emer!l i ki pl
radyasyondan korunma y°ntemlerinin belirlenmesid
yakétéen yeniden iklendiji kapalé yakétanddmayaann
uranyum el ementl er. ger i kazanél ar ak yaket d°n
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dejerlendirilebil mektedir. D¢kek ve orta seviyel
a zmai [ktté lrma sYe¢ kksoenku | saer veinyae |yi© nsed vi €
asyon ind¢gksiyonla éesétélan met
striyel ©°]l-ekli tesislveotde ger -
ren bertarafé i-in reakt°rler i
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Trombayodaki

dé¢zey kate at
mevcuttur (Raj vd., 2006).
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| andiya Parl amentosu, yanmék yakeéetl ar én Jw?gha
aat emnaet dheka e ol up, 2020 yel énda i Kl et meye
g,mc,zde sadece Finlandiya, yé¢ksek seviyeld r
Il an ya dékénda Ksve- ve Frans&tiide aitlelkk |l ypaléeét
irl emiktir. ABDO6de ise Aték Yaleéetma Pilo
osu vyalnezca n¢kleer silahlardan kaynakl
bakareseéxzl| greir we -tier lp edi |l en aték dep:
derin jeolojik bertaraf metodunu kull ani
i -in radyoaktif atéejeén ikleamessor dmka&maea
nde getirmektedir. Dol ayéeseéeyla °zellikI e
dir . Sorunlarén iyilexktiril mesi amaceyl a
ul aral ddi Pn¢tPlbnikavBgkl mer At ék Raporu 20

el erde Ulusal YSA (Y¢ksek Seviyeli Ateék)

6da yeniden ikleme uygulanmaktader. Des s
Mol 6de yeral t éeploaboneraavanen k2085 muykétlt
mektedir. Kanadab6éda dojrudan bertaraf wuyg
u kurul muktur. Ateéeklareéen ger.i don¢gkt egr el e
di 20k yel eénda depol ama sahaséna y°neliKk
rak kKull anél masé beklenmektedir. ¢i noc
K yakeéetl ar i -in mer kezneénbi 20 2d0ebpyoe bkual
ej i bildirilmiktir. 2020 yélé itibaréy
a bertarafén bakl amasé pl an
Ir eoegrr aant €Lk9I8&3r yiéell e nidlagibak | at é
ktadér . Bunun yané séra Onk
daki depol ama tesisada i se
e mi uygul anmaktadeéer . Ki | vV e
r 2006 tarihli parl amento karareée ¢
n geri al emabikliilr doel proal saémag esraehkanseeknt éent
025 yélénda faaliyete ge- mesi bekl en
e

[@F
ooT T —
o —

IO XS
®o ——3

b
d
¢
e
e
e
k
k

o
W T RXRT-STXXSODO® S SR
— O* === N®M®O®
X S O

o< m N @
y<oOoOMmMCSC XS SOO -

3OS S XXQu T T T T~TQ T —
o m

_C(\-Q_T__
('D(DIOCD?:_QJQ)
=

< CSCNTX® XX

3°m
S 93F

ol

Y WY ES TTOMCE O T T CccC

niden iikKleme y°ntemi uygul anmakt ac
di r. Ahbaluesl evrei nQoer | kewblelna ntéulzmékku yak ét de
sonra Gorlebendde jeolojik depol amaya ge-il mesi
uygul anmaktadeéer . YSA (yé¢ksek seviyeld at ek) [
etmektedir Japonyaﬁda niden i kKleme wuygulanmaktad
| aboratuvar e l endan beri, Rokkasho“dak
r r
I

D

yél éndan beri hal dedi rk.etB udnel paorséun iynaknaéa t sé
20186de kul an -ecefji tahmin edil mektedir.
depol ama sahas se-imini 202506t e t amaml amasé \
bekl nmektedir. Rus yladdrmdma kyteandiédre.n Kirkalsennoey aw ysdku b ° |
gnay yatakl aréna kurul masé planlanan yeralteée |
Kol a yarémadaséndaki depol ama sahalareéeyla il gild@i
19868Iletid8€WVER1 000 tipi reakt®°r yakété depol anmakt a
kull anél an RBMK ve dijer yakeéetlar i-in kuru d
faaliyettedir. Géeney Kor e ddlet édkoj breurdtaanr abfeérnt daar ad
metodu yerine bakka se-eneklerin dejerlendirile
programe 1998 yeéelénda kabul edi |l mik ol up, KRWM

[ esi da planladma&t asl&md ( Thinktech STM, 2018
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Kspanyab6da dojrudan bertaraf uygul anmaktadeér .
depol amaya ge-il mesi pl anl anmaktadeéer . Ksve-6te
kull anél mék yakeAtB de&OmBddblda nean theesriisif aal i yettedir .
araktérma | aboratuvaré kull anél maktadér. Bunun vy
depo sahasé i-in se-ilmiktir. Ksvi-reradde PORilddm
beri kull anél mék ol up, YSA depol anmaktadeéer. Bez
mevcuttur 198306ten beri Grimsel 6deki yicksek|¥®ev
faaliyettedir. 20a20ariétniébnargéeyrlia aaltéénka bmulheacfeajzi der i
bekl enmektedir Kngilteredde yeniden ikKleme uygu
faaliyettedir Yeniden i kKlenme sonucal &htdaektadaér
Ni hai deponun yer se-iminde hal kén onayéna bakyvu
Kurul muktur ABD&dde dojrudan bertaraf uygul anma|
Bakanl éeéj énén sor umlalnijluynadra dd lugpr, a auléa&kk méomtué r3. N
sahasénda k@eg daaldegmal aArre y¢r ¢t ¢l mg K, 200206de | e
yapél maséna karar verilmik ancak bu karar 20096d
i in merkezi ara depolama yoluna gidilmesi muhtemeldir (Thinktech STM,2018).
2. 4. N¢kl eer Atéeklaréen Dejerlendiril mesinde Kull
2.4.1. Piroproses sistem simbiyozu
Kull anéel mék yakétéen yeniden i kKl ememaiyeté acden t ut ul
ol makt aderol aRPiarko mrdd sendd ér él an erimik tuzlarén kul
bir se-enektir. ¥rnejin; Japonyabdda n¢gkl eer y a

-al exmal ar yapébmaktadgegr er Bmi kpi toplkar én el ektr
(Ogawa vd., 2007).

2.4.2. Kojenerasyon sistemleri

G¢e¢negmegzde nekleer enerjinin yané séra ¢l keler )
yapmaktadeéer Anc &ka yynarkil lag eentdial idra d rkegiim,d ¢fza vaar akseE
farkl ardan et kil enme gi bi sorunl ar bul unmakt ad
teknolojinin, tasarémén ya bu sorunl aré {€zebil e
yapél masé ghglelkenerkt eder j i mevcut ol an yenilenel
-al ékabilecek kKekil de tasarl anmal edéer. N¢gkl eer Kk
Ayréca te¢egm bunl aréngreanégn sgrachpkeeet denedijil en
yararl anél abileceji de arakteérél masé gereken bir
-ékan atek eséedan buhar veya hidrojernrgrneat ielbebii
Bunun yanénda temiz su da el de edilebilir. Bu
uygul amal arda da kull aneéelabil mektedir.(TABAECca |
N¢kl eer Enerji Raporu, 2019)

B°l gesel maer késit emisét proses ésé ve desalinasyo
edil mektedir. Gel eceje y°nelik bu tip uygul amal
yané séra absorbsiyonlu sojutma sijsetrenelnedriir idee bk
bir y°ntemdir. N¢kl eer santraller aracéel éjeyl a |
daha iyi bir ekonomi, daha az -evre kirliliji ve
Pakistan, Hindistan, Japoay Vv e ABDéde b u tasar émda ol an r e ak
Kazaki standda bul unan S tral, 150 MWe 61| + k el ek
145. 000 ton su ¢reti mi a p(eT jaBbA | Nireeksli eneer dEBh @ rmkia nR
2.4.3 PUREX y°%nt emi

Yakéetl arén yeniden ikKlenmeasliveanti neklsnterra k seiny oennu du
ABDb6de ORedigksiyon ve Oksidasyond6 (REDf3at prose
-%kt¢egrme ikl emi hekgnake adalea dahaat §k @ayr ekt ér ma Y
solventin hem yanécé hem de u-uGunohegnacde thiicamdiez
i Kl eme tesisleri solédRhttekptmaksi YyoanymandAyr &k @

Uranium Extraction: PUREXp r os es i ni kull anmaktadér . PUREX y©°n
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y¢ksek verimde ayrél ér. ABDONni n-10&6R Rieddar &l as
geliktirilmik bir y°ntemdir. iPEREXRZyIeremwi redea,e
-%zeltisinin bir hidrokar bomgtsiely rfedstfiati ii--érnedre ch
il e temas et mesi aracél éj éyl danar adnayyuanm ane bp Ir ¢ tyo®
PUREXG6in kull anél mabscétn & sfaojslfaayta nk ufl a katn°erme ntdrain  k a
Kngiltere, Japonya ve Hindistanoda PUREX y°ntem
D¢nya ¢zerindel bedimemediumi rk abel kullaneél maseédé&h
geliktirilmik olmasé, ikletme maliyetinin makul
ol masé ¢Meynérl2G19).i | i r
2.4. 4 Hi drojen uygul amal ar é
Hi dr oj en ubyagaud agnak elre&r,de si yasi ol arak da dest ek
Ajanséebébnén programénda, n¢kleer hidrojen ¢reti mi
veril mi ktir. N¢gkl eer hi droj en cerreitciim btierk nyod tog n &
g%r ¢l mektedir. Hi drojen ¢retim teknolojisinin s
¥rnejin; gel eneksel hidroliz gibi bazé hidrojen
Termoki myasal da@arngekreol ajiiblierdiijse, sadece prose:
el ektrolizi ve hem ésé hem de elektrik gerektir.e
gerektirebilir. Bu konuda en ©°neml i ilehidrsjans ; el e
cretilebil mesGldi-revr¥irmledgriin;buwwuun i -in uygun bir
yanéndO LaBgsor bsi yonl u sojut ma, atek éeésédan ését
edilerek el de ediabéebhilreceSkonuéktodlaarakar tnérkdleer (
gel i kmel er akaj édaki Kekil dedir;
Ké¢-¢6¢k Model er Reaktorl er,
Mi kro ve Minyatg¢r Mod¢l er ReaktOorl er,
N¢kl eer Kojenerasyon ve Multigenerasyon Sistemle
N¢kl eer Entegre Sistemler,
Hi brit NdiklISeasrt ebmherji ol arak g°r ¢l ebilir. Yani sc
akéll é& kebekelere dojru y°nelim ol maktadér (T, BA
Tée¢rkiyedde Negkl eer Enerjinin Dur umu
3 1 Tée¢rkiyednin Nkl eer Enerji Potansivyel.
T¢r ktiayhemi ni 10 bin ton miktarénda veya 30 yeéel yet
-ékaréelan doj al uranyumun da iklenip yakéta -evr
T¢rkiye, 400 bin ton tormyumumane rewniemg ideredhimptni
i -in uZAdXhyeunmd°negkt ¢r ¢l mesi, ardéndan da yakeéet ay
(Bakeér,2013). OECD ve UAEA raporlaréna g°re; d¢n
%1161 eTogdrekibyul unmakta olup, T¢rkiye bu rezerv or
yer al maktader . 1977 yeéelénda ¢l kemizde de toryu
-al ekxmal ara bakl anméxkteéer . O T oirnyiunmu/Mr aEknteérrj & | niKaasyénde
edi |l mi ktir. D¢nyada ¢in, Hi ndi st an, Japonya, ABCLC
Il kel er de toryum ile il gild@ gel eceje y°nel ik st
reaktorilerimnilgmesi ve ticarilexktiril mesi czerind
hezl anderéce s¢regml e sistemler 1 1e i1 gili MYRRHA
-al exkél maktader . Ancak ne vy amnebrpldnjproragmne deybrd6de b
-al é@ékma mevcut dejil dir. Dijer ol kel er gi bi Ter
Toryumur anyum karékék yakeétlar, saf wuranyuma g°re
¢l kemi z t or yuam rzeeznegrivni bai-ré s¢elnkde ol up, bu avant aj
azalteéelabilir. Toryum yakétée Héezlandéer éceée Sg¢r ¢ ml

'!Ekstraksiyon, bir -%zel ti veya s¢spansiyon i-indeki
il

yardéméyla ayérma iklemidir. ¢ekme metodu ol arak b i
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Enerji éye hitap etmektedir. Bu s iBsutneunmd ey aunréa nsyéur na
reakteoerl er, gel eneksel model |l ere g°re daha az a
s¢rede Tegrkiyedde Ul usal Proton HézIl andér écéseé
geli kme ol acaktér geAyxkemca Rukeekndkeojkanser hast
ol ar ak kull anéma sunul mukt ur¥f2.0 Wedl ei -$pnrdéeml gi c
°ng°r ¢l mektedir T¢rkiyedde radyoizotop ¢retiom
Ter k-iiyre il k el de i ki tip n¢gkleer reaktor s©°z |8%on
hafif su sojutmaleé n¢kleer reakt°rler ve Tabili

(CANDU) 6dir (T} BA N¢gkl eer Ener ji Rapor u, 2019) .

N¢ klaeleaane -ok y°nl ¢, mul tidisipliner bir alan ol
alanda gelikmesini sajl ayacakteéer . T¢e¢rkiyedde nyg
-al ekmaneéen, il erl emenin ol ddua hua aynoclaukn, -yoekt ebra ki & nsd
anl akél maktadér Té¢rkiyebde ku an i -in var ol an
sczer e, ortalama elektrik enerjisi mal iyetlerini
cretme/ prodtittiikrms éder Yerell ektirme politikase
Gel ecejin temiz n¢kleer yakéeté olarak g°r ¢l en ve
Sinopota inka edil-Imerse akptl®arng ndnialng cAsTfMEAY B a ka |l | an
belirtil mektedir. Bu konuda Japonya ile ortak -a
dejerlendirebil melidir. Ayréca kurulacak ol an 3.
ol acaj é gl°mgwteenre. véag rek ¢ , CANDU ti pi reakt°r difje
kl asik bir tiptir, dol ayéséyla n¢kleer enerjiye
et mesi daha sajl ékl e ol acakteéer. |AApnmeda MR (VK evh
bu projelerde yer al masé sajlanmal edér (T} BA N¢Kk
3.2 Te¢rkiyedde Negkleer Enerji Alanénda Yapél mas
N¢kleer ile ilgili -aléekmalaré n¢lklreald ttéeamldmoli mijcie
daha uygun ol acakter. N¢kl eer teknoloji, daha -
tekni kl er, radyasyon ve hezl andér éce il e uygul
kapsamaktadeéer . N¢ k| AReGE evreeGH R - aall éaknnéanl daarké bel ir
sénéflandéerél mal édér (T} BA N¢kleer Enerji Rapor
kurum kurul mal edeéer Bu kurum spesi-GE k- all akw m&l ar¢é
yeér et ¢l o medkd matelnenmesi nden sorumlu ol up, b¢grokr at
yeni tasarémlarén geliktirilmesini sajl amal edeéer .
l'niversitesi ade iIe ayr e bdaoj réundiavne rEsnietrej ik uB aukl am
ol mal édér. Ayr éca, nkara Sarayk®°y ve Kstanbul (
bu yeni ¢n|verS|teye dohi | edil ebilir. Kurul acal
i yonl akt eornéctée krnaodyogsiyl eri nde arakt ér ma, gel i kKt
santrallerde sojutma i kKleminde en °nemli mal zeme
yakal ayécéseéedér . Dol ayéseéeyl a né&rkd eda ®emeeli k av al
N¢kl eer enerjinin yané séra n¢gkleer tép da -ok °©
ve tedavisinde, r°ntgen gibi gere¢nt ¢l eme si st eml
i | kemi z dzeo tRoapd yjoriet i m Tesisi bir adet olup, Ankar
bajemléelek azaltel mal edeéer . Radyoizotop retim T
al énmal éder . N¢kl eer Ener ji viel K ¢MkKKlyeee N¢ike lerea | O
Y°netmeli k Tasl ajé hazérl anmal édér. N¢kl eer faal
i mzal anmék ol an 6Nkl eer Géegvenli k S°zl ekmesi 6ne
¢NAEMO6in denelydénj] @emdae Daklki yebde bu al anda ar a
gel i kKtir me, hi zmet verme ile il gild@ bir Kkurum ve
(Kore Atom Enerjisi Araktérma Enstitg¢gseg) gibi (T
Te¢rkiye, n¢egkleer aték konusunda da -al ékmal ar vy
At ékl arén depolanacajé b°lgeler, depol ama ve be
gencelil,enmell ektirilmelidir. ¥rnejin,; negkl eer en
depolama i-in g°nderilmek istendijinde, bazé ¢1 k
N¢kl eer enerji, yakanan n Jklnadern kd aansairzd &km r ka&Ell ay
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net bir kekil de bilgilendlrll
y i hal kén kabul et mesi , onayl amasé
aeéséeya arz ge¢venliJini ajl amak, s
ercih edi | mesi gereken enerjidir.
i de gel i kmesini dsugjul alyiarc akt &eni mM¢ k
e hem de n¢gkleer silaha sahip olaca]
p, end¢stri, tarém, savunma, hav|@3:é
iml kalbk&nmaseéna, gel i kmesine katkeée
r enerjiye i htiyace varder . Ter ko
masénda yetersiz kal maktad&el abombkyadeéey
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zl emek i stemekte r Dijer ¢l keler en
bestrleewmayd mekzeldigektAhcak enerji sekt
nde ol duju i-in ©°zell ekmesi &l kenin al
Kongresi,2014) .
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Enerji Raporu, 2019

1 ék Sére- i -erisinde toryumlu n
i rBD,BuMmBu,n ¢yiann év es éHian,diAst an ¢ kel er i
t olarak kullanél maséna y°neli k Eri
rierin 2020061l erde kul |l aMER nmealsa&n éreckd
bakl amal édér . -1%&r giérhi ki -Teud siRerd&t °
A NAEKD.,e eAl aarey qd,i Rmagiolrtuer €,0 1
n red arkatsr li eri che byaalkee t- ad lexrmald a
n reaktorl erde yakeét ol ar a
f ve ajér su, y¢ksek sécakl
arla, daha az at ékl a ener |
uda ener ji icretemese de ura

i
k
toryumun vy
Bu tip rea
-al ékmal ar
°ng°r ¢l mek
ve Kanadabé
manya vV e H
stermi kl erdi

| hant&l daha az
I

Al
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kK u
ku anél déjénda do
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[ enerji é b
mekte ve e r
toryumun kuIIa
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nda da kull anél a
6). T¢m bu °zellik il e toryum |[@&l e
) . Kl erl eyen zamanlarda uranyum yerin
t
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S¢erder el ebilir Kal k@ nma Géendemi ndeki
ve b¢ten atéeklaréen uygen -kivr ek glkielrda
mini mum seviyeye indirilebil mesi -
tél masé °ng°r ¢l mektedir (Veral,2019).
kadeorel df ail gazhave- hyednil enebilir k
art aecsadlég n éammecmaék ©°;nllkeemheekr iICAO N sékeée ted
n °neml. enerji kaynajée ol amal Isiedar |
aeS|Asya ¢l kel erinde negkl eer enerjinin a
e i kmi kK ¢l kel erde gelikmekte ol an
e ng¢rfjuisdary @jkuim ég@mayi mizn otl enacsié
n dolayé n¢gkleer enerji kul |l aném
én enerj cret i mi dékéendaki uy g
k t BA N¢kl eer Enerji Rapor
tu ke¢-¢k model er reakt
- atl eékinra.l aBu o- almd kumabli ¢
aza endikelerini de a
[ eer ateéeklar kaynakl b ¢
meénedka edd wa m ;m¢zdeki 30 yél i -inde n,
k d¢nya enerj cretimindeki °nemini k
bi bir-ok alanda n¢klerrytkkpi khebonskb
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uygul amal arda da kulkaojneenearbasymerkt eygul aniaylraércéa d
N¢gkl eer Ener ji Raporu, 2019).
il kemi zde n¢gkl eer enerji al anénda spesifik, Kef
i htiya- varder Bu nedenle °Xkelrluimklkeurm¢ knlaé €d é i |
gevenl ik politikaseé belirl enmelidir. Knsan kay
yapél mal éder. Ul usal Radyoakti f At ék Y°netimi95PI
at ekl ar i -irertdepaf amaesvel dri tasarl anmal é \Je S
yakétl arén bertarafé durumunda i se, bu konuda t
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irtibat halinde ol unmal édeér (T BA N¢kleer Ener j
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-al ékma grubu olukturul mal édér TAEKO6iIi n mevcut vy
t amaml anmal é, kalifiye personel i htiyacamnén kar
géevenlijinin ve enerji s¢reklilijinin sajlanabi
enerjide bajémseéezl éjeée sajlayabilmek i-in n¢gklee
baj éeémseéez, b¢etencegl eda diijrerenaelrgnl grolld th karsdi en
tipi belirlemede y¢ksek geée¢venli k sistemlerine
maksi mum mi ktarda verim sajlanabil ecek, son S i
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High DRD4 Expressionis Related With Worse Survival Rate in Renal Cell
Carcinoma
Asst . Res. Dr . Feyzanur Yéldérémtepe ¢a
Tokat Gaziosmanpaka | niversitesi

Abstract Dopamine receptors (DA3-hydroxytyramine) associated with signal transmission network
characterized by central nervous system (CNS). Although DA is functional in the brain, studies show that it is also
involved in the heart, kidney, gastrointestinal, and bleadcular systemdn addition, DA receptor disorders

have been reported to be associated with neurological diseases and cancer. DRD4 is a member of DA which
inhibits adenylyl cyclase activity. Moreover, it is a target for drugs associated with treatment of schizophdenia an
Parkinson disease. Renal cell carcinoma (RCC) is one of the most common malignant tumors worldwide. One of
the most common subtypes of RCC cancer is clear cell renal cell carcinoma (KIRC or ccRCC). The most
troublesome feature of KIRC is that it does sbhow specific symptoms. Therefore, KIRC, which cannot be
diagnosed early, is associated with low survival. In particular, the survival rate of RCC patients in stage | is about
80-95%, while this rate drops below 10% in patients with KIRC in stage IVtH#®reason, it is very important

to determine the KIRGpecific pathogenesis and to find gespecific treatment methods. In this study, we
analyzed the regulation of DRD4 in KIRC and relationship between expression and survival ratio using
bioinformaticstools. In conclusion, we observed that DRD4 expression was increased in tumor tissue samples
compared to normal tissue. And it was associated with poor survival. In conclusion, we suggest that DRD4
antagonists or inhibitors can be used for therapeutigpges in the treatment of KIRC disease.

Keywords:Dopamine Receptors, Renal Cell Carcinoma, Clear Cell Renal Cell Carcinoma, Worse Survival

Introduction

Dopamine receptors (DA, -Bydroxytryptamine) acts a role in the signal transmission network
characteized by the central nervous system (CNSB[1The dopamine receptor family consists of 5
different members of DRD (1 to 5) associated with thgr@ein coupled receptor (GCPR) [4]. Although

DA is functional in the brain, studies show that it is als@ived in the heart, kidney, gastrointestinal,

and bloodvascular systems {8]. In addition, DA receptor disorders have been reported to be associated
with neurological diseases and cancer. DRD1 is associated with cholangiocarcinoma, breast cancer,
coloredal cancer and glioblastoma, and overexpression of DRD2 has been shown to increase the risk of
cancer in patients with schizophrenia and trigger skin and breast cancer in Parkinson's disease (PD) [6
8]. In addition, DR2 polymorphisms is the risk factor liamg, stomach or colorectal cancers [9]. High
DRD4 expression is associated with bad survival in glioma blastoma (GBM) [8]. Overexpression of
DRDS5 has been reported to increase lung, and liver cancer or neuroblastoma progrdddion [8

According to TheAmerican Cancer Society, over 79,000 people are diagnosed with RCC, and 13,920
people die cause of this disease in 2022 (12). One of the most common subtypes of RCC cancer is clear
cell renal cell carcinoma (KIRC or ccRCC). The most troublesome featt{dR@f is that it does not

show specific symptoms. Therefore, KIRC, which cannot be diagnosed early, is associated with low
survival (13). In particular, the survival rate of RCC patients in stage | is ab®@%%80while this rate

drops below 10% in pati¢s with KIRC in stage IV (14). For this reason, it is very important to
determine the KIR&pecific pathogenesis and to find gespecific treatment methods.
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Studies show that DA family members increased in different types of cancer and are useful for
genespecific treatments (156). However, there is no study on how DRD4 is effective in
KIRC.

In this study, we analyzed the regulation of DRD4 in KIRC and the relationship between
expression and survival ratio using bioinformatics tools. In conclusion, sex\ad that DRD4
expression was increased in tumor tissue samples compared to normal tissue. In addition, hig®
DRD4 expression is related to a poor survival ratio. In conclusion, we suggest that DRD4
antagonists or inhibitors can be used for the treatofeIRC disease.

Materials and Method
2.1 DRD4 expression in various cancer type

We used GENT2http://gent2.appex.kr/gend2(17) database to investigate DRD4 expression in all
cancer types.

2.2 DRD4 expression based on KIRC subtypes

UALCAN was used for analyzing DRD4 expression in KIRC patients and healthy individuals
(http://ualcan.path.uab.edu/dgin/ualcanres.p), (18).

2.3 Survival analysis

We used UALCAN, GENT2 and UCSC Xerttips://xena.ucsc.edu(19) and Human protein atlas
for survival analysis of DRD4 oveaxpression in KIRC patients.

Results

Firstly, we compared DRD4 expression betweetiepts and normal tissue samples using GENT2
database. There was high DRD4 expression in the bladder, bone, brain, colon, endometrium, lung,
prostate, skin and stomach normal tissues while high expression of DRD4 in blood, kidney, pharynx,
uterus and vulvéumor tissues (Fig 1). We then investigated the regulation of DRD4 in KIRC patients
based on nodal metastasis status, individual cancer stage, tumor grade and KIRC subtypes. We observed
a significant increase in tumor samples compared to normal samigeA\)F-When we compared the
patients according to their nodal metastasis status and individual cancer stage, the highest expression
was observed in NO status and stage 3 (Fig 2B, 2C). When we examined the expression level according
to subtypes of KIRC carr, the highest expression was observed in the ccA type (Fig 2D). In the
comparison of the DRD4 gene in adult and children term distribution, there was higher DRD4 expression
in the adult period (Fig 2E). Finally, we analyzed the diagnostic value ardaassowith the death of
elevated DRD4 expression in KIRC patients. In conclusion, we found that high DRD4 expression is
associated with poor survival (Fig. 3).

DISCUSSION

We analyzed the relationship between DRD4 expression and all cancer types usiahTidatabase.

We observed that DRD4 was increased or decreased depending on cancer type. Studies reported that
DRD4 expression increased in glioma blastoma patients and could inhibit the growth of GBM neural
stem cells by using dopamine receptor D4 (@RBntagonists (21). Chikhaoui et al. also showed that
DRD4 is overexpressed in patients with melanoma (22). In the current study, we showed that DRD4 is
overexpressed in kidney, pharynx, uterus and vulva cancers. In addition, we revealed changes in DRD4
expression based on KIRC subgroup analyses of nodal metastasis status, individual cancer stage, tumor
grade and KIRC subtypes, we found that the expression of DRD4 was always increased compared to
normal tissues. Moreover, kaptameirer analyses indicatedat DRD4 expression was a predictor of

OS in patients with KIRC. The DRD4 ovekpression has been associated with poor KIRC prognosis.

DRD4 is responsible for the regulation of renal sodium channels in the kidney (23). Change in gene
expression causeggh blood pressure and hypertension. In addition, studies have shown that excessive
expression of dopamine receptors is associated with many cancers. In this case, DR antagonists useful
for treatment of cancers. In this study, we show that DRD4 can biR@¢flecific biomarker and plays

a key role in disease development.


http://gent2.appex.kr/gent2/
http://ualcan.path.uab.edu/cgi-bin/ualcan-res.pl
https://xena.ucsc.edu/
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CONCLUSION

In conclusion, DRD4 is observed to be ceapressed in many cancers, including the kidney.

Additionally, DRD4 is increased in all subtypes of the disease in KIRC compareditoyhindividuals.

DRD4 also oveexpressed adult period than childhood, and this-expression can be associate with
age. In addition, oveexpression of DRD4 is related to poor survival in KIRC disease. Consequently| 99

DRD4 has the potential to be a sifie biomarker for KIRC.
Figure Legend
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Fig. 1 Expression of DRD4 in various cancer types. Red colors show tumor patients and blue colors show

healthy individuals. (*p < 0.05, **p < 0.01 ***p < 0.001).
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Effect of DRD expression level & Tumor grade on KIRC patient survival
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Fig. 3 Survival analysis of DRD4 expression in KIRC patients. A. GENT2 database B. UALCAN database C.
UCSC Xena database D. Human proteinsatlatabase
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Meme KanserindeTRIM27 Geni nin Y¢ ksek Ekspresyon
D¢zenl enmektedir

Ark. G°r . Dr. Feyzanur Yeéeldéréemtepe ¢al
Tokat Gaziosmanpakaesi

¥zeMeme Kkanseri, kadenl arda en sék g°r¢len °1 ¢gmeygl k
287,850 milyon kadéna meme kanseri texkhisi konumuk ve
Meme kanserindeno | ek ¢ | er °zell ikl erine -paeRifrve trigleunegative dlaralE R  p o z i
séenéeflandérél méktér. Hastal é&jén gelikimi ve «kiddeti b
dokusunu olukturan hegcaktetipldegrebajlkeyggBl eimmi vhast
zorl aktérmaktadeéer. Bu nedenl e, kanser ileri evreye ge
°nemlidir Tripartite mot i f ( T RI M)izmagp we cotofajiyi rbirbeimei h¢cl
bajlayan proteinlerdir. Bu nedenl e, TRI M' | er kanserd
dékendaki -ekKi tli hastal éklar ile ilikkisi, TRIM prot
vaat edebilecejini g®stermektedir. Biz bu -alékma d
kanserindekini et ki sini arakteéerdeéek. Bu ama - dojrult
dokul arénda hemde kans vetriplé regaiive) TRIM2i7'mindeksprésyon yvaimetimdygn HE R
profilini incel edi k. Ayréca bu gen ekspresyonunun h
veritabanlaréné kullanarak analiz ettik. fankeyakanal
arttejené g°zlemledik. Ayréca meme kanser alttipleri
tipinde over eksprese ol dujunu g°zlemledik. TRI M2750
dokul arénda TRI M2 nrketnisleas ybalkuwmluaar Emda hemde al't tip
azal dejéené g°zlemledik. Survival analizlerimize g°re
il kkioli oldujunu tespit ettik. Sonal- oy mad&],ema vealmnm
profilinin bu genin dé¢zenl enmesi nde et ki | i ol dujunu
ifadesinin BRCA'da k°t¢ sajkal é@&mda prognosti k belirte
Anahtar Kelimeler-Meme Kas er i , Tr em27, Metil asyon, Kete¢ Sajkal ém

Hi gh Expression of Trém27 Gene Ks Regul ated Wit

Abstract Breast cancer(BRCA) is the most common mortal cancer type in women. In 2002, 287.850 million women
were diagnosed with breasancer and 43.250 women died from BRCA. BRCA classified as luminal ER positive,
HER2positive and triple negative according to molecular characteristics. The development and severity of the
disease is changed to depend on these subtypes. In breast tameénormal spread of the cells and development

of cancer progression because of subtypes of BRCA make it difficult to predict the pathogenesis of the disease.
Therefore, early diagnosis of cancer is very important in preventing the disease. TripatiitETRM) proteins

play a role in cellular signaling, metabolism, and autophagy. Furthermore, the association between TRIMs and
cancer suggest that TRIM targeting may be a therepeutic target for treatment. In this study, we investigated the
effect of TRIN7 in BRCA. For this purpose, we first examined the expression and methylation profile in normal
and breast cancer tissues and also BRCA subtypes (luminak2HiER triple negative). We also examined the
association of this gene expression with survifala result, we observed that TRIM27 increased in cancer tissues
compared to normal tissues. In addition, we also observed that highest TRIM27 gene expression in triple negative
subtypes. When we compared the methylation status of TRIM27, we obserT@&iM2it methylation in cancer

tissues decreased in both cancer tissues and subtypes compared to normal tissues. We next investigated the
prognostic significance of the TRIM27 gene in BRCA pa
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that high TRIM7 in BRCA cancer is associated with poor survival.In conclusion, TRIM37 is epigenetically
regulated in BRCA and its overexpression can be used as a prognastic biomarker for poor survival.

KeywordsBr east Cancer, Trém27, Methylation, Poor Surviva

Intr oduction | 103

Breast cancer (BRCA) has highest mortality in women (1). Based on the latest data, 287.850 million
women were diagnosed with breast cancer and 43.250 women died from BRCA in 2022 (2). The main
cause of the BRCA is unknown, but genetic, hormomalirenmental, psychological and biochemical
processes is effective for occurrence of the disease (3). Using molecular gene profiling, the BRCA was
divided 4 subtypes as Luminal A, Luminal B, Triple Negative, and 2ER). In addition, DNA copy
number, DNAmethylation and gene expression data are used in the creation of these subtypes (5). This
subtypes show different clinical features. Treatment in breast cancer varies according to these subtypes.
Trastuzumab and pertuzumab are beneficial for HER2 tytienps whereas triple negative patients

have a poor prognosis and chemotherapy is recommended in addition to hormonal th@&)aph¢o

luminal subtype, which constitutes 70% of breast cancers, is associated with a well prognosis and
responds positivelyo endocrine treatments (8). Despite the development of early diagnosis methods
and advances in treatment, heterogeneity in breast cancer subtypes is still an important cause of mortality
and morbidity.

Members of the triple motif (TRIM) protein familyontain three zinbinding domains, a RING, a-B

box type 1 and type 2 and a heliglix region (9). TRIM family has approximately 80 members, is
expressed in embryonic development and in many tissues (10). To date, TRIM proteins have been
reported to be imMved in cell proliferation, cell division and development, as well as in cancer
progression and autophagocytosis (11,12). TRIM27 is a 58 kDa protein containing 533 amino acids,
encoded on chromosome 6 in humans. TRIM27 acts as an E3 ubiquitin ligaseygnaaiquitination

of proteins involved in signaling pathways (13). Studies show that TRIM27 is highly expressed in
various cancer, such as BRCA, ovarian cancer, hepatocellular carcinoma, ovarian cancersanadl non

cell lung cancer (NSCLC),4 (16). High expression of TRIM27 has been associated with worse
pathological features and prognosis in many cancers. The role of TRIM proteins in cancer pathogenesis
has nominated them as biomarkers (17). Although it is known that TRIM27 increases in BRCA, there
is no study on its effect on subtypes and the role of methylation in TRIM27 regulation in BRCA.

In this study, we examined the expression and methylation profile of TRIM27 in BRCA subtypes. We
also evaluated the effect of TRIM27 overexpression on survigh result, we showed that TRIM27
increased in breast cancer compared to normal tissues and promoter DNA methylation is effective in
regulation of TRIM27 expression. We also observed that overexpression of TRIM27 due to probes was
associated with poorusvival. As a result, we think that the use of epigerdetised drugs will be
beneficial in the treatment of the BRCA.

Materials and Methods
TRIM27 gene expression data analysis

We used the Gent2 database which contains publicly available data for eeets @nd normal tissues,

to examine the expression profile of TRIM27 in all cancer types (18). Next, we wanted to analyze the
methylation of TRIM27 in all cancer types. For this purpose, we used the Shiny Methylation Analysis
Resource Tool (SMART) analysprogram (19). In current study, we also used UALCAN database (20)
for the analysis of TRIM27 expression and methylation in BRCA patients and the relationship between
related gene expressionethylation and different disease status (nodal metastasis, stadividual

cancer stages, menopause etc.).

Survival analysis

KaplanMeier Plotter (21) analysis was used to determinate how BRCA cancer samples impacted
TRIM27 genes on survival.
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Results
TRIM27 expressionand methylation in BRCA cancer

Firstly, we compared TRIM27 expression between BRCA patients and normal tissue samples using
GENT?2 database. We detected higRiIM27 expression in the blood, endometrium and head and neck
normal tissues while high expression of TRIM27 in adrenal, bladder, brain, breast, cervix, colon,
kidney, esophagus, kidney, liver, lung, over, pacrease, pharynx, skin, stomach, tongteruardrmor | 104
tissues (Fig 1). We then investigated the regulation of TRIM27 methylation in all cancer type. High
TRIM27 methylation was observed in bladder, cervical cancer, cholangiocarcinoma, gliomablastoma
cancer whereas low TRIM27 methylation was obsdrin adrenal, bladder, breast, cervix, colon,
kidney, esophagus, kidney, liver, lung, over, pacrease, pharynx, skin, stomach, tongue, and uterus tumor
tissues (Fig. 2). We then investigated the regulation of TRIM27 in BRCA patients based on menopasue,
nodal metastasis status, individual cancer stage, tumor grade and BRCA subtypes. We observed a
significant increase in tumor samples compared to normal samples (Fig 3A). When we compared the
patients according to their nodal metastasis status, there gisicantly high TRIM27 expression in

all individual cancer stage than normal tissues (Fig 3B). In addition we detected highest TRIM27
expression in BRCA triple negative subtype and-memopause term (Fig 3C,3D). The highest
expression was observed ingde8 (Fig 3E). We also investigated the promoter methylation of TRIM27

in BRCA patients based on menopasue, nodal metastasis status, individual cancer stage, tumor grade
and BRCA subtypes. As a result, it was observed that methylation decreased stynificanmor

tissues compared to normal tissues, and methylation decreased most in premenopausal period, stage 3
and triple negative BRCA cancers (Fig. 4).

Finally, we analyzed the diagnostic value and association with TRIM27 overexpression in BRCA
patieris. We analyzed three TRIM27 probe. 210541 s _at and 212116 at probes were related to worse
survival in BRCA patiens whereas there was no significantly difference probe 212118 at (Fig 5).

Discussion

Studies show that epigenetic reprogramming of cellmoitant in breast carcinogenesis. It is also
known that methylation acts a crucial role in breast cancer (5). TRIM27 is a TRIM family member that
acts a role in the pathogenesis of many cancers (9,10,13). In this study, we detected the expression and
methylation levels of TRIM27 in BRCA cancer, as well as the relationship between TRIM27 expression
and survival.

TRIMs have recently been the focus of studies due to their main roles in the vital activities of cells (9).
There are many studies on the role$RfMs in BRCA cancer. For example; TRIM21 has been reported

to inhibit proliferation and migration in breast cancer by acting as an E3 ubiprotigin ligase (22). It

has been reported that TRIM28 is overexpressed in cancer tissues and promotes tesiI(én
TRIM13 has been found to regulate apoptosis in BRCA cancer and is associated with poor survival (24).
It has been observed that overexpression of TRIM37 causes errors in the mitotic process in BRCA, and
TRIM27 blocks ubiquitinatiormediated celllar senescence and increase the frequency of mitotic errors
(25). However, studies on the methylation profile of TRIM27 in BRCA is very limited. In a study, they
found that smoking affects TRIM27 methylation in remaltcell lung cancer patients and igrdar

TRIM27 expression is associated with overall survivor.

In this study, we showed that gene expression of TRIM27 is overexpressed in BRCA cancer and
specially in BRCA triple negative patients and TRIM27 is also overexpressed during menopause. We
also evealed that promoter DNA hypermethylation may play a role in the regulation of gene expression.
When we evaluated the prognostic role of TRIM27, we found that overexpression of TRIM27 may be
associated with poor prognosis. Our results reveal the potehfi®IM27 as a specific biomarker in
BRCA cancer.
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Figure 1. TRIM27 expression in all cancer types. Blue color shows normal samples, Red color shows tumor
samples. A twetailed Rvalue is indicated in the figures as follows: (*: p<®.8*: p <=0.01, *** p< =
0.001).
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Figure 2. TRIM27 related Cp&aggregated methylation value across all cancer types. Grey color shows normal
samples, red color shows tumor samples. Atailed p-value is indicated in the figures as follows: ns: @.65;
*: p <= 0.05; **: p <= 0.01; **; p <= 0.001; ****: p <= 0.0001.
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Figure 3. Expression of TRIM27 gene in BRCA. A. Expression of TRIM27 gene in BRCA based on sample

types B. Expression of TRIM27 gene in BRCA based on nodal metastasis statuseSsiexpof TRIM27 gene

in BRCA based on cancer subclasses D. Expression of TRIM27 gene in BRCA based on menopause status E.
Expression of TRIM27 gene in BRCA based on individual cancer stages.
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Figure 4. Promoter methylation of TRIM27 gene in BRCA. A.oRroter methylation of TRIM27 gene in
BRCA based on sample types B. Promoter methylation of TRIM27 gene in BRCA based on nodal metastasis

status C. Promoter methylation of TRIM27 gene in BRCA based on cancer subclasses D. Promoter methylation

of TRIM27 geneén BRCA based on menopause status E. Promoter methylation of TRIM27 gene in BRCA
based on individual cancer stages.
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Figure 5. Survival analyses TRIM27 gene in BRCA. A. Kaplseier plot of 210541_s_at B. Kapldveier
plot of 212116_at C. KaplaMeier plot of 212118 _at

DATA ACCESSIBILITY STATEMENT

The data used and analyzed during this study are available from the corregpauitior upon
reasonable request.

References

https://www.breastcancer.org/factstistics

https://www.cancer.org/

De Silva S, Tennekoon KH, Karunanayake EH. Overview of the genetic basis toward early detection of
breast cancer. Breast Cancer (Dove Med Press). 2019 hitg4://dd.org/10.2147/BCTT.S185870

Yersal, O., & Barutca, S. (2014). Biological subtypes of breast cancer: Prognostic and therapeutic
implications. World journal of clinical oncology, 5(3), 4424.https://doi.org/10.5306/wjc0.v5.i3.412

Stefansson, O. A., Moran, S., Gomez, A., Sayols, S., Axlbasa, C., Sandoval, J., Hilmarsdottir, H.,
Olafsdottir, E., Tryggvadottir, L., Jonasson, J., Gyfjord, J., & Esteller, M. (2015). A DNA
methylationbased definition of biologically distinct breast cancer subtypes. Molecular oncology, 9(3),
555'568. https://doi.org/10.1016/j.molonc.2014.012

Jagosky, M., & Tan, A. R. (2021). Combination of Pertuzumab and Trastuzumab in the Treatment of
HER2Positive Early Breast Cancer: A Review of the Emerging Clinical Data. Breast cancer (Dove
Medical Press), 13,98i 407.https://doi.org/10.2147/BCTT.S176514

von Minckwitz, G., Procter, M., de Azambuja, E., Zardavas, D., Benyunes, M., Viale, G., Suter, T.,
Arahmani, A., Rouchet\., Clark, E., Knott, A., Lang, I., Levy, C., Yardley, D. A., Bines, J., Gelber,
R. D., Piccart, M., Baselga, J., & APHINITY Steering Committee and Investigators (2017). Adjuvant
Pertuzumab and Trastuzumab in Early HERitive Breast Cancer. The New Eargd journal of
medicine, 377(2), 122.31.https://doi.org/10.1056/NEJM0al703643

Cho N. (2016). Molecular subtypes and imaging phenotypes of breast cancer. Ultragbyn¢§eoul,
Korea), 35(4), 281288.https://doi.org/10.14366/usg.16030

Patil, G., & Li, S. (2019). Tripartite motif proteins: an emerging antiviral protein familyré&wirology,
14(2), 107122.https://doi.org/10.2217/fv20180161

Micale, L., Chaignat, E., Fusco, C., Reymond, A., & Merla, G. (2012). The tripartite motif: structure
and function. Advances in experimental medicine and biology, 77@511

PoilletPerez, L., White, E. (2019). Roletoimor and host autophagy in cancer metabolism. Genes Dev.
33 (1112), 616 619. doi: 10.1101/gad.325514.119

Yu, C., Rao, D., Wang, T., Song, J., Zhang, L., & Huang, W. (2022). Emerging roles of TRIM27 in
cancer and other human diseases. Frontiers in cell davelopmental biology, 10, 1004429.
https://doi.org/10.3389/fcell.2022.1004429



https://www.breastcancer.org/facts-statistics
https://www.cancer.org/
https://doi.org/10.2147/BCTT.S185870
https://doi.org/10.5306/wjco.v5.i3.412
https://doi.org/10.1016/j.molonc.2014.10.012
https://doi.org/10.2147/BCTT.S176514
https://doi.org/10.1056/NEJMoa1703643
https://doi.org/10.14366/usg.16030
https://doi.org/10.2217/fvl-2018-0161
https://doi.org/10.3389/fcell.2022.1004429

< J
(_  15.UBAK, 1718 December 2022, Ankara/_~
UBAK UBAK

Ma Y., Wei Z., Bast R. C., Jr.,, Wang Z., Li Y., Gao M., et al. (2016). Downagigal of TRIM27
expression inhibits the proliferation of ovarian cancer cells in vitro and in vivo . Lab. Investi 98, 37
10.1038/labinvest.2015.132

Liu S., Tian Y., Zheng Y., Cheng Y., Zhang D., Jiang J., et al. ROUERIM27 acts as an oncogene
and egulates cell proliferation and metastasis in-sorall cell lung cancer through SiX&ta
catenin signalingAging (Albany NY12, 25564 25580. 10.18632/aging.104163 | 108

Sakamoto T., Kuboki S., Furukawa K., Takayashiki T., Takano S., Yoshizumi A., et a).(202
TRIM27-USP7 complex promotes tumour progression via STAT3 activation in human
hepatocellular carcinomaiver Int. 2022. 10.1111/liv.15346

Xing L., Tang X., Wu K., Huang X., Yi Y., Huan J. (2020RIM27 functions as a novel oncogene
in nontriple-necative breast cancer by blocking cellular senescence through p21
ubiquitination.Mol. Ther. Nucleic Acidg2, 910 923.

Giannopoulou, Al.; Xanthopoulos, C.; Piperi, C.; Kostareli, E. Emerging Roles of TRIM Family
Proteins in Gliomas Pathogenesis. Cancég214, 4536https://doi.org/10.3390/cancers14184536

Park, SJ., Yoon, BH., Kim, SK. el. GENT2: an updated gene expression database for normal and
tumor tissues. BMC Med Genomics 12 (Suppl 5), 101 (20419)s://doi.org/10.1186/s129A0 9
05147

Li, Y., Ge, D. & Lu, C. The SMART App: an interactive web application for comprehensive DNA
methylation analysis and visualization. Epigenetics & Chromatin 12, 71 (2019) doi:10.1186/s13072
01903163

Zhang, Y., Chen, F., Chandrashekar, D.S., Varambdly, Creighton, C.J. Proteogenomic
characterization of 2002 human cancers revealscpaper molecular subtypes and associated
pathways. Nat Commun 13, 2669 (2022) doi: 10.1038/s402@B03423 [PMID: 35562349]

https://kmplot.com/analysis/

Sun, J., Chen, X, Ji, X., Meng, S., Wang, W., Wang, P., Bai, J., Li, Z., & Chen, Y. (2022). TRIM21
deficiency promotes cell proliferation and tumorigenesis via regulating p21 expressiearian
cancer. Bioengineered, 13(3), 608835.https://doi.org/10.1080/21655979.2022.20421

Su, C,, Li, H., & Gao, W. (2018). TRIM28 is overexpressed in ghicand associated with tumor
progression. OncoTargets and therapy, 11, 68458.https://doi.org/10.2147/0TT.S16863

Yeow, Z. Y., Lambrus, B. G., Marlow, R., Zhan, K., Burin, M. A., Evans, L. T., Scott, P. M., Phan,
T., Park, E., Ruiz, L. A., Moralli, D., Knight, E. G., Badder, L. M., Novo, D., Haider, S., Green, C. M.,
Tutt, A. N. J., Lord, C. J., Chapman, J. R., & Holland, A. J. (2020). Targeting TRtvi&&n
centreome dysfunction in 17g28mplified breast cancer. Nature, 585(7825), 14%2.
https://doi.org/10.1038/s415880-2690G-1

Xing, L., Tang, X., Wu, K., Huang, X., Yi, Y., & Huan, J. (2020). TRIM27 Functions as a Novel
Oncogene in NoiTriple-Negative Breast Cancer by Blocking Cellular Senescence through p21
Ubiquitination. Molecular therapy. Ileic acids, 22, 91®23.
https://doi.org/10.1016/j.omtn.2020.10.012



https://doi.org/10.3390/cancers14184536
https://doi.org/10.1186/s12920-019-0514-7
https://doi.org/10.1186/s12920-019-0514-7
https://kmplot.com/analysis/
https://doi.org/10.1080/21655979.2022.20421
https://doi.org/10.2147/OTT.S16863
https://doi.org/10.1038/s41586-020-2690-1
https://doi.org/10.1016/j.omtn.2020.10.012

W, W)
K/ 15. UBAK, 1718 December 2022, Ankara(/
UBAK UBAK

Presentation ID / Sunum No: 130

Or al Presentation / S°zIl ¢ Sunum

ORCID ID: 0000 0002 0757 3130

| 109
Organé-Hdora-Schottky D84 0 t | aKaraktee&idk Parametreleréaa
Kicelenmeg-
Dr. ¥Jretim |yesi Fulya Esra Cimill:@i

Erzincan Binal. Yél dérém | niversite
¥zeStoon yéell arda, uygun maliyetleri, me k a n mélzereeten, e k | i k
el ektroni k ve optoelektronik cihazl4amPi ailntnl €&k ¢zmut ne
bir malzeme ol an Safranin T (ST) boyar maddesi film
Al/ST/InInP/AuGe Sbbot t ky diyodu ¢retil di. Kar ankv)k t°al -veeml éekré kn da
diyotun ivyi bir dojrultma davranékéna sahip e duju g
karakteristikl erlinMudilyodEladiridailen fAalkitST/in (n) ve bariye
séraséyla 1,498 ve 0,725 eV olarak el de edildi. Or ¢
parametresinin, Al nP yapésénén | iterat¢rde bilrakedéjyakdack®he
°] -¢de be¢egyéek ol duju g°zlemlendi. Bu durum ST organi
fonksiyonlarée kullanélarak diyodun seri diren- (Rs),
I-V ve Cheung fonksijol ar éndan el de edilen dejerlerin uy¥YWm i-ind
°] - ¢ml erinden, di yotun engel yée¢ksekliji, takéeyece ko
parametrel eri h e\dsspektrashopisi v K 8ykr éad & ,é nW\a y a p elhPdAGe | - ¢ ml e
hibrit yapésénén fotovoltaik ©°zellikler g°sterdiji te

Anahtar Kelimeler:Schott ky Diyot, Safranin T, Hi brit Diyot Yap:¢
Il nvest égat éeéon of Char acHyelrréeesd é€Xc hPoatrtaknye t Deérosd eosf

Abstract In recent years, costffectiveness, mechanical flexibility and easy chemical synthesis methods make
organic materials very promising for electronic and optoelectronic devices. In this study, Safranin T (ST) dye, an
organic material, was coated as a film on a#inP substrate and an organic/inorganic hybrid Al/STAR/Au-Ge
Schottky diode was produced. It was observed that the diode had a good rectification behavior from the current
voltage (V) measurements under therkland the light conditions. The ideality factor (n) and barrier height
(BH) values for the Al/ST/mP diode were obtained as 1.498 and 0.725 eV, respectively, by using the forwaed
bias FV characteristics at room temperature (300 K). It was observedhkabarrier height parameter of 0.725

eV of the organic diode structure was significantly larger when compared to the 0.50 eV value known in the
literature for the Al/RINP structure. This was attributed to the existence of the ST organic interfacial$&yes
resistance (Rs), ideality and barrier height values of the diode were calculated using Cheung functions. The values
obtained from the traditionalV and Cheung functions were found to be in good agreement. Parameters such as
barrier height, carier concentration, diffusion potential and fermi energy of the diode were calculated from the
capacitance voltage (@) measurements. In addition,.it was determined that the AHBP/AUGe hybrid
structure showed photovoltaic properties from-Mi spetroscopy and measurements made under light

Keywords:Schottky Diode, Safranin T, Hybrid Diode Structure, Organic Material

GKRKKk

Kat ehal fiziJinin en °nyamlédi Ikeotnkud na ryeanpdélna rbi (rNMY )o,l
teknolojisindeveopo el ekt roni k al anénda kull anél maktader|l a
kont aj én el ektriksel °czelliklerini tam ol ar ak

°czelliklerini iyilexktirmek i-in amplkaggankkialaemeé - al é
kull anmaktadérl!l ar (Ge¢l Il ¢ 2008: 1) . Organi k mal z
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2018:67), opti k (Dar wi s 2018: 1, 3) vV e

r. Or gani k pntaolezleenketlreorn i &l ehkéterroenliekr dwee aa
l er , sens®rler, plastik piller, opti k
uy gul anrbenglavea202r)a sahiptirler (EI
n

il etke o rtgoavnoi |kt amakl zceinhead zelra,r ,f 0é K € k yayan di
h¢creleri gibi organi k optoelektronik lclldwa
r ma konul aréndan biri ol muktur . ediled e kK't'r

nabilirlik, de¢kek maliyetll sretim, esnek
k mal zemel er i sz konusu wuygul amal arda av
karmin, kristalniwi ylgl &tu,makd mg ov ek @dwarhéazké 4 é )
er , fotodiyot veya fotodetekt?Oor uygul ar
, Safranin T, kol ay sentezl enmesi ve m¢k
azo boyadér. Azo boyalar, gé¢negmegzde kul
ndan birini ol uktur maktadeéer FRHAY@NY al a 2
dir ve mol ek ¢l yapéseée kekil 1'"de veriln
e bir boyader. ST mol ek¢l ¢, fotoredoks
merizasyonda tercirlkk maai 12002 1t dmel Phi rbaino
énda i klem yapeélabilmesine imko©n sajl am
o zellikleri iy bilinmesine rajmen, opt
«Deagthwey 20R2E).

- al mad a , arayge¢ze ne afranin T film b¢gyeté
°czel ikIer iczerindeki et ki si arakteéereéel méexkter .
kullanarak ST ince fimn-l n P yar éi |l et keni S zZlem P n®c thetytek v | Wigh rvie
el ektri ksel-getilmgHVl)i BRIl ergiml @k émkul |l anél arak inceler
yapél an °I—v¢irrs|e$pevketrl0\metresi ° | -ellikleri vermuhtef o nuc un
kull anéem al anl aré arakteéerél de

MATERYAL VE Y¥NTEM
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BULGULAR

Diyotl arén davranékéné anlamak i-in en yaygén ka
V karakteristikleridir. @ a s écakl ékl eé]j dmdPa SChoa K)kyAIy/a$)E/srené

1 - ¢l egneraikléeimm ©° zel |i k1l er i kekil 2'"de lineer ve y
go°r ¢l dej ¢ gibi bu hibrit Schotlttkuye uy adpaévsréa,n éyke kgs® esk
Y adogaritmik 'V gr afiji vy ¢NNsgkavolktit @jrli ade&il ejrilik vy
dol ayéedéer. Akém gerilim grafijinde verilen bu a
vd. 2007:852):

a|
Kk

I:IOexm%% exrgleﬂ
T=g ¢ Kk

Q_)o

1)

dEOR
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Temel akem ¢enkelresmimalsel eklm doyma akém yojunlujud
uygulanan voltajdeér, A cihaz alanéder, k Boltzma
etkin Richardson sabitidir n i deal igbharfiglktrc podamsiyeli ve n id
A a2 OF @
l,= AAT ex%e 0 () | 111
Schottky diyotlarénda MY aray¢zeyinde el ektron
gel en, Schottky engebi(baenyéi) yvegksekiiyepli ehge:
organi k yareée iletken cihazdaki arayg¢zey bariyer
KT AAAT? G
Foo="8& 8 3)
q(;|0+
Kdeal di yotlarda idealite fakit°r¢g; 1 kabul edilir
:iédva (4)
kTadin| <

HzC N\ CHj3
R e
Al kontak ee— 4 Safranine T HgNﬁNf:@:NHz
[P — Cl -
A 4G omik Kontak

k ek iAISTh-l nP Schottky Diyot Yapésé ve Safranin T B

MY Schott kyV agyrgaéftilkalreérni li ncel endi Jjinde orta besl
ol duwj°uv ¢l mektedir. Bu b°l ge, MY ekl emlerin kara
belirl endiiji ayréca Termiyoni k Emisyon Teorisi b
di yotlara ait en belirleyicipptamasneyelel engell ang¢
belirlenirken orta besl-emPb®&tgansi kdhkhkante 8&CcbBodtet
fakt°org¢g (n) ve pendgeejlery cekrsed cejjriu (e $ 1 &km |l I anél ar
Emi syon Teeorkiasriatnned kgt®ar ve oda sécakl éjenda 1, 499
1 dejerinden b¢gyegk -ékmasé diyotun ideallikten
etkisinden ve seri dir en- t-lePSchatakyyn ayka paénsdéénj é&n se’nygl eel
organik film ile Al met al i araseéndaki ar a Yy ¢
kaynakl anmaktadér

Araktéer malcreR aMY Alylapél ar é i -in oda seéecakl é] énda
bil dirmikl erkddidraxk| BucKd (PO 8& : L} i Al On50 eV dejerin
¢tatér (2020:240) O0.42 eV, Gul lu vd. (2019: 1) 0,
(2021:6979) ise 0,494 eVl ndPejSchotit kwk eyhalgrakseer ndé r .
hesapl an engel yekseklI i dej eri l'iterat¢rdeki |
0,50 eV dejerine g°re ©°nemli °l -¢de be¢gyek bir
organi k arayy¢zey maayzneankel sai nndi énj €vnaBr ol g Ceontdtakal /ky a p € |
b¢yek dezavantajl aréndan biri ol an d¢ke¢k engel y
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Schottky aygetl ar én karakteristik parametrel eri

Cheug 61 er taraféendan ©°nerilen Cheung fonksiyonl a
akajéeda verilmiktir (¢ater ve Sajlam 2021:6982):
dv nkT

——=—+IR (58

dinl) e ® | 112
H(Il)=n0b +I1 Rs (5b)

Denkl eml erden de g°foh&biilyon¢jair enzdame nOhemnge RS
InP diyotun dv/d(In)yive H()-I gr af i k1l er i kekil 306te verilmiktir
kul |l aneéel alrnakk aAyigeStTémén i delalsietre fdakteng¢ aleg @B Ve
5b ifadesinden ise £ngelriygdksekli diej@r718 see6R,
Kdealite fakt°r¢ ve engel yé¢ksekl ikl erinin Term
uyumlu ol dukl aré gé€jzerelmé reinmiin iSee i bidrn biemi-na yake
var él deé.

0.025 Ot

Al/ST/n-InP/Au-Ge
Schottky Diyodu

IIIIIlul IIIIII|_|,| IIIII|_|_|,| IIIII|_|_|,| lllII|_|_|,| IIIII|_|_|_|

Al/ST/n-InP/Au-Ge
Schottky Diyodu

0 0.5 1 -1 -0.5 0 0.5 1
Voltag (Volt) Volta) (Volt)
k ek iAUST/A-Ll nP Schottky Diyot YapésénaGaiitl|l LinmnEjeri ver iy

-1 -0.5

I-V karakteristikleri kulla@ | ar a k MY vyapélara ait oda seéecakl ej
anl akél abi-l nP oegd@ni/ I SThNbreijtri yeapés&kr&i &di 40t e t a
Logl)-Log (V) grafijinde g°sterilmiktiere kl&i keéeliddk ef
l'i neer b°l gel er varder. Bu b°lgelerin varleéejée f
farkl e ol dujunu ifade etmektedir.

Tam logaritmik skalada . o°llageak i fade edi |l en d-bRqdanikwhiorit t a | bo°
aygetée akéemén dékarédan uygulanan voltaj il e ora

Bu b°l gede akém el ektrik alané airlted ékr-ant &lréadar].i
de bir arték ollaln. obCtlag e Slétnadjrd e dllzdaw] w¢ k¢ AKkE mé)
ekl emin t¢kenme Db°l gesindeki tuzak durumlar é de
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erlerinderébdbrerjsekttakégielcéemhasén hareket.i daha b
best takéyéceéelar bu tuzaklar tarafeéendan yakal
tim mekani zmasénén tuzak dajeleéemlér SCIYEC Kk mek a
ilim bIllgedBslegl@@d® ék tuzak seviyelerinin akeéme
minin |1 b°l gesinin ejiminden az olduju g°r ¢
aklardan bajémséar8€LCf mdkearidahaede,l io (Ci mil
kl amal ar dojrultusunda organi k aygeéetl aréehlld
ucuna vareéeréez.

] 25
1.2 4 :

— ~ 20

1 —>H() I

= | _—15

S 0.8 L~

= | L 2

T LS

© i — 10

0.4 — :
T dv/d(Inl yg— L.

0 |||||||||||||||||||||||||O
0 0.02 0.04 0.06 0.08 0.1

kek iAUSTBl nP Schottky

Di yotlviH(lpl&=safiklera Ait dV/d(I nl

o
[y
111111

0.01
Al/ST/n-InP
Schottky Diyodu
0.001—E
g 0.0001—5.
8 . I
B 4
< 1E-005 3
1E—006—E
1E-007
1E-008 —f T T T TTTT] (—
0.01 0.1
Voltaj (Volt)
kek iiAISTihl nP Schottky Diyot

1

Yapedogd VAI GradmjlLogar
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100 mW/icmiékék ge¢cende sol ar si-mpPatorrgank !l lharmealiar a
altewda&Hiriimaé éndée ve kar gnladk kMeeré k ébki rd litkét ned & elk
I nP organi k Schottky yapé ékéja maruz beéerakél dej
etkisinin olmadéje, ters breashleétnktbdl gapéehar 9Ise¢ m
ol duk-a y¢ksek ol duju goeré¢l mektedir. l kék alteénd
organi k tabakasénda exkék etkisiyle daha fazl a el
s°yl emek ¢gmegmBgnd ur um, ékék etkisiyle arayyg¢zelyltbe
Sonu- ol ateR Arg8&mik hibrit Schottky aygéteéeneéen,
°zell ik sergiledijJi kanaatine varelde.
|l kék adNtehdakiliasrbéh,u ters beslem akéménén aydéenl at
Ancak dojru beslem akémé aydéenlatma alténda ner
besl em akéménén aydénl atma ortaménda nKarrar leémeal d
di yotun aray(,zeyl etrafénda el ektron boxklhPuk - i ft
yapéseneéen Keéej a duyarl é ol dujunu Ve optoel ekt |
g°stermektedir.
13
0.1 g_ Al/ST/n-InP
3 Schottky Diyodu
O.OlE_
O.OOlE—
30.0001_
&
ﬁflE-OOS

1E-006

1E-007

1E-008

0
Voltaj (Volt)
k e GiAI/ST/n-l nP Schottky Diyot Yapéséna AVGrafildesir anl ék ve

Al/STIn-l nP Schottky di-yios kapékeaeai @atiitk UW i kekil (
mol ek¢l ¢ndeki aromatitkkalhladlkar g alpajl labHeg ek taa manaé a
varl ejé bu bilekijin absorbanséné g°r¢nger bol ge
geré¢nmesine nedeéal gd uboy Abgmoatbiajnisnde Safranin T
en yg¢pkiskekdejerine wulaktéjé g°r¢l mektedir. Bu de
2021: 3) . ST ince filmin yasak enerji araleje opt
dal ga boyu grafijinden yar amll a&nfa&mak b&b gorelr@&rks | (i
kat sayélaré (O)hsheasegplkamde.l i(nkhesr) soJurma katsay
filmin yasak enerji aral éjé ise exi?thd kgr6afiiljei nif
[

neeratrk éysanéaardl anél arak yaklakéek 2,53 eV ol arak

( "@)==0(DT Og (6)
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20
i
16—;;
<
| 4(I)0I 5:)0 I 6!)0 I 700 |115
Dalgaboyu | (nm)
12 H
S |
8
8_
4_
1 ST E=2,53eV
0 11 1 T 1 T T T T 1
2 2.4 2.8 3.2
Enerji (hn)
kekiAISTBl nP Schott ky Di yioKaraktedgiklies éna Ait UV
SONU¢
I~V karakteristikIleri, idealite fakt?©or-lpR/Avr&Gea g el Yy ¢
Schottky di yotunun iy °czell ikl er deir. ST fyndt kal i
b¢e¢yeteéelerek el de edilen hibrit yapénén son der e
arayg¢zeyin homojenl ijini ve &engel yéeksekl i Jinior
mWicnfé k é k advVt @ d gkl elnPayAlé/t ®h/ém ters besl em akeémé
°] -¢de arttéjenée g°s4snéer giapéBensgonuyiado] Alul Eman
°zelliklere sahip oldujunu ve optoelektroni k <cih
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4-Florobenzaldehit Pikoloilhidrazon Bi | ek i Ji nin Teori k ¢
Dr. ¥jretim | yesi Gonca ¥zdemir Tar €

Ondokuz MayéV¥ezinikw%prsd tMessdl ek Y¢gksekokul

¥zetapésé daehkaé n%n cked r X n & méflorabénzaldehiy pikelailHideazo:HRENSO [

bil ekijinin kuantum ki myasal hesapl amal aré Y-ojunl uk
311++G(d, p) baz seti kull aneél ar ak yapéel mektéer . ctal
Fonksiyonlaré ve y¢k amahigk|l erdt é mkerizeilll @ keélee k thii o fhiell
ait sénér orbitaller:i ve bunlardan t¢retil mi k ki myasa

[1] Si-Chang Shao, Zhorgu You, Shaddua Fan, LuLu Tang, Yongshan Lin and HalLiang Zhu, Acta Cryst.
(2004). E60, 021802182.

Anahtar KelimelerKuant um ki myasal hesapl amal ar, Elektrofilik v
Theoretical Studies of 4luorobenzaldehyde Picoloylhydrazone Compound

Abstract Quantum ckmical calculations of 4luorobenzaldehyde picoloylhydrazom®sHio0FNzO [1], the
structure of which was previously illuminated byay diffraction, were performed using the Density Functional
Theory (DFT)/ B3LYP method and the361++G(d,p) basis set. The aim of the study, the electrophilic and
nucleophilic properties of theptimized molecule determine with the Fukui Functions and charge analysis
methods. In addition, it is aimed to determine the frontier orbitals of the molecule and the chemical activity
parameters derived from them.

[1] Si-Chang Shao, Zhonrgu You, Shad{ua Fan, LuLu Tang, Yongshan Lin and Haliang Zhu, Acta Cryst.
(2004). E60, 021852182.

Keywords Quantum chemical calculations, Electrophilic and nucleophilic properties, Charge analysis methods.

Girik

Genel formegl |l eri BZHE NBKi loll ami ,Scaliddhi t vV e ket
kondensasyon r eaksi yon timin, leetcaminrve zwitariybaik cbhd u K Yz ¢ e .
.- farkle tautomer yapéseéemat ggtremeré nedd alnarée,r éd lkad
araseénda meydana gel en mol ek ¢ | i-i hi droj en b
deji kmektedbril eSickhli éfi baayaptiik aver kodepoi &ma a
sistemlerindeéekiul li amna@&l aabrialkdkéerenkdertidredlimektenit. Gank - a s ¢
yéll arda deneysel -al exmal aré teorik -alékmal ar
l'iterat¢rde -Olul unmaktadeéer [ 2

Materyal-Metot

Kuantum mekaniji nesnelerin konum ve momentum bi
naséel har eket et mel er i gerektijini bul maya - al e
-eki tli bakek a-¢él ad@® lmedarkalig ibimi KKk elei Ibde - wkg wll
czerine geliktirilen yapé analizl eri bir mol ekg¢l
sunmakl a birlikte malzeme biliminden eloj@déntroniij
modern teébba, uzay arakteérmal aréndan metal urjiye

ve atmaya devam edecektill]. ¢ al ék mal ara mol ek¢l ¢n en kararl é
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optimizasyonu yapeélaraksbpkbhmamak belLprl dnger k ar
il erl drpimk thiers.apl amal arl2 GapursosgiraanméO 3kW I | a¢nél arak vy
GaussView mol ek d3progfamel § kit @ mhddesnal palka mal ar , YFI
YerelSpiny ojJ unl uj u vy akl!l ak éYarePar, kaetasybn izl 3\paameteleBecke
karma model i ol a@3 1BI3H+Y(Pd ,yp°)n tteenmelvebaz set i kul | a
senér orbitalleri (HOMO ve LUMO)alvenilwenl &ddcan bte
ayrMwclal i ken ve ddaofPaA)lveMosl ke kagnlaelri zBIleerkit r o hitaa ti it la || BB t&
belirl enmiktir.

Bul gul ar ve Tartékma

Optimize Yapeée

Mol eekr¢ lyapéséna ait en kararl é& y° RKB3LYRive b ul mak
311++G(d, p) baz seti se-ilexeamk ame&l elad lé kom@tsieémidzad «
arkadaxkl aré [ 1] t-BlorchdnzZzidahipikoloilfictgzanmoniexk oIl ame 4ai t ge
parametreler ilecteelrdé& eadiléemattajfesokarkél akteér
Mol ek¢l ¢n optimize yapésé kekil 16de ve el de edi
veril mi ktir.

kekiMollek¢l e ait optimize yapeée

Tabloya bAkéeCdeapamdaju 1.266 (3) i ol-a® bajpi k
uzunluju ise 1.345 | dejeriyl e utndku kd aajr €k a reaokrti ekr
y°nt eml er is &rud d eaghledvadr3gikolarake | de edi | mi Kkt i r . Tabl o
bakeéel déj é nphrametyetedrimiert b ii rkl er i i | Eenmekyedin®lpu i onli d @] vy apEz
X-e K éneé keréneméendan el de edisen deprirkemhesaaplsa
et kil exmarlierdmeriihne yapélan bir hesaplama tg¢r ¢ Vv
a-éklanabilir.

Tablo1l.Deneyseve t eor i k ol arak hesaplanan bazé ge

X-l kénl are [1] YFK/B3LYP/6-311++(d,p)

Baj Uzuin)l uju (
ClC2 1.379(3) 1.4057
C1C7 1.458(3) 1.4629
N1-C7 1.266(3) 1.2808
N1-N2 1.379(2) 1.3543
N2-C8 1.345(3) 1.3736
N3-C9 1.332(2) 1.3404
F1-C4 1.361(2) 1.3545
01-C8 1.210(2) 1.2147

c3ca 1.359(3) 1.3899
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X-l kénl are [1] YFK/B3LYP/6-311++(d,p)

Baj] A esé (

C1-C2-C3 121.2(2) 120.624

C7-N1-N2 115.32(17) 117.058

C8N2-N1 121.09(17) 121.622

C13N3-C9 116.22(18) 118.034

C5C4F1 118.8(2) 118.873

N1-C7-C1 122.00(18) 121.817 | 119
C6-C1-C7 120.19(18) 119.405

01-C8N2 124.66(19) 125.405

N2-C8-C9 113.35(17) 112.447

C8.C9-C10 119.28(18) 118.792

N3-C13C12 124.0(2) 123.053

Mol ek¢l er El ektrostati k Potansiyel

Mol ek¢l er el ektrostatik potansiyel ( MEP) harital
atomlara ait elektron yojunluklaréné bul mayé he
reaktif keséemlareéné bel itrelmdneerkd ein-ibni rkslildameéel avho |

el ektrostati k potansiyellerin farkle dejerleri

b°l gel er el ebkatkreomd eygaajnu nfl wjl ta n b °magwe pelyaz lebatirtlen] e der
bglel er ise elektron yojunluju bakéméndan pozi't
Mol ek¢l e ait MEP haritasé en kar 8r++6(d,p) aplimizea ai t
geometri kull anéel arak hesBH®PpPhamnmawaseE&l umckdleinldi 36 d
bl gelerin O1, N1 ve F1 atomlaré ¢zer i-06328 onuml a
-0.04710ve0Q . 02535 a. b. ol duju g°zlenmektedir. En poz

hidrojenkemumlzamda&ajeé g°r ¢l mektedir.

L
el

=2 - 9

kekiMol2k¢l e ait MEP haritaseé.

Yék Analiz Bulgul ar e

Bir atom veya molek¢ler sistemin par-acékl ar é a
ol duj mi kgt &or | sairsét, e mi temsi | e d e nnelmdktgda.Y lon& s alyion |

met otl aré mol ek¢l er si sateomel aari ta real seekntdrao np ayyol J auknél i
czerindeki y¢k miktarl aréené bullfay éGaaunsas-i | aanmapkrtoagd
kull andej e, mol ek ¢ | iczerindeki t. Mol akey ekaiat omlt
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Mulliken ve doj al y ¢ KNPRrdlei ztieor i k ol ar ak hesapl anméck
karkél akt éréel mékter Tabl eldeedi heal retdi yikhdeeher|l
il e uyum i-inde olduklareé g°r ¢l mektedir
Tablo2.Mo |l ek ¢ lué | aiktenMve Dojal y¢k analiz mikta
Mulliken NPA | 120
C1 0.537919 -0.11840
Cc2 0.353923 -0.14436
C3 0.074824 -0.25761
Cca -0.625086 0.41869
C5 0.272921 -0.26654
C6 -0.695457 -0.16272
Cc7 0.011482 0.066810
C8 -0.452916 0.063619
C9 0.281223 0.12392
C10 0.419873 -0.19846
Cl1 -0.359029 -0.15768
C12 0.124358 -0.22856
C13 0.053882 0.06128
N1 0.380860 -0.22047
N2 0.144001 -0.42889
N3 -0.025542 -0.48168
o1 -0.326939 -0.58360
F1 -0.170297 -0.35248
Doj alveayncakl i zi meg @t ir fe ey (O4,IN8, N2, B1eN1aC8,&%2| G0, CBl1gibi
atoml ar czerindel IKioknauml ya husslredrreaiChasdag8, ICEL, O1 ve N3
Keklinde dejikiklik g°ster mekt eaelsebebinhh&lo minak Ear |
f a relektrenegatifik er e sahip ol dukl aré ile a-éklanabil me
el ektronegati flifj]i yé¢ksek ol an atomlar ¢zerinde
ol an atomlar ¢ zeDiijnadre tg2rzd fetnanre kmaelde k¢l e ait Fuku
vesonuTdhalro 36te verilmiktir.
Tablo3.Mol ek ¢ NBAaytkl erinden el de edil mi k Fukui Fo
o q q fi" fic Y »
C1 -0.11840 0.02749 -0.06680 0.14589 0.05160 0.09429
C2 -0.14436 -0.01506 -0.14403 0.12930 0.00330 0.12600
C3 -0.25761 -0.12834 -0.11731 0.12927 -0.14030 0.26957
ca 0.41869 0.33778 0.12382 -0.08091 0.29487 -0.37578
C5 -0.26654 -0.11471 -0.13574 0.15183 -0.1308 0.28263
C6 -0.16272 -0.02869 -0.11824 0.13403 -0.04448 0.17851
Cc7 0.066810 0.09869 -0.08156 0.06681 0.14837 -0.08156
Cc8 0.063619 0.29641 0.23240 0.06739 -0.168781 0.236171
(01°] 0.12392 0.05653 -0.02406 0.11251 -0.09986 0.21237
C10 -0.19846 -0.08595 -0.12971 0.15768 -0.06876 0.22644
Cl1 -0.15768 -0.07211 -0.11544 0.14375 -0.04224 0.18599
C12 -0.22856 -0.08481 -0.24757 -0.02543 0.01901 -0.04444
C13 0.06128 0.03585 0.04700 0.42653 0.01428 0.41225
N1 -0.22047 -0.00236 -0.18536 0.21811 -0.03511 0.45976
N2 -0.42889 -0.00336 -0.18724 0.42553 -0.24165 0.66718
N3 -0.48168 -0.24351 -0.31442 0.23817 -0.16726 0.40543
o1 -0.58360 -0.19374 -0.40010 0.38986 -0.18350 0.57336

F1 -0.35248 -0.12915 -0.19334 0.22333 -0.15914 0.38247
Qi ni o p Nni 0;Qil ni o nio p; "Qp Qi Qi
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Fukui fonksanglenwdaaeleei kenympal ek¢gl ¢n n°tr, anyonik
yé¢k analizleri ya@élnmgakkteaodférl.i kE'®aiittial§iak lgdare kae;nd €10 €
yat kénl éjé& g°stermekfieddatramibEkiydnlslkdreieder kehl Anél
(anyonik) ve N1 i se (katyoni k) ki myasal b ° [Y'Qie $Oeised e k i y

mol ek¢l de nekl &0if<01 iiks ey ae lkelntl rapef,z Il d km&gboedd é n | é k

incelendijinde mgke¢lkogfdei geyalt k@énd &§ lkHembBukus k €én o |
fonksiyonlaréndan hem deongkl anahi mbeekagten |e?ldEk
haritalaréndan el de edilen sonu-Ilaré destekl edi]j
Sénéer Orbitalleri

Mol e korlteirt al |l erde bok ol an en dg¢ k gwest noecupjed | i mo
Molecular Orbital) dol u ol an en vy¢ ks e kHigeestdcdqugietfolecuar b i t al e
Orbital) denilmektedir. Tepkimeler HOMQ UMO or bi tal |l er i araseénda ol
el ektron eksiltmek ya da el ektron ekl eme3ddei -in g
B3LYP/6311++G(d, p) baz seti hesabénwgazneye lgder ¢ @ad iml e
gesteril me&aisefir k| eTygBIino eml erden el de edil en sénce
kuantum kimyasal. nicelikler verilmixktir

‘
":: ELumo=-2.1913

AE =4.1147 eV
9
3 9 .
‘ ® %9’ EHOMO=-6.3060
J o 9
kekiMol3®k¢l e ait sénér orbitalleri ve ener
Tablo4. Mol ek ¢l @l ainmélke&kaantum ki myasal parametr
B3LYP/YFK/6-311++(d,p)
Toplam eneriji, E -840.9348
Kyoni zasyon e 6.3060
Elektron ilgisi, A 2.1913
Enerj ilEar al éej 4.1147
Elektronegatiflik, ¢ 4.2486
Kimyasal sertlik,h 2.0573
Ki myasal ysumu 0.2430
El ektrofilik 43868
D E=[Evono Euoh c= /T A pol A g=l o O
| =-E s A=-E (vos HOMO Lumolr € = 11 = y O - W=


http://en.wikipedia.org/wiki/Molecular_orbital
http://en.wikipedia.org/wiki/Molecular_orbital
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Tabloya bakeéel déjéenda HOKNWasalce rLtUMCK evnee ry u rhwek d knli el
s ér a-8.30§0leV4, 2.1913 eV, 2.0573 eV ve 0.2430 (edprakb ul unduj u g°r ¢l mekt ec

S 0 n-Morum

Daha X-akéené kéerénéemé vy°nt e miflorbbenzajdahji pilkoléilhidragot € N1 at ¢
CiHioFNsO [1] mol ek ¢l ¢n¢gn  teor i k he3slalpH +aGrad ,apr)é yB°3nLt)aRmiY
yapél mékteér . Mol ek¢l ¢n teorik y°nteml er il e 0 |
parametreler X K € n & kéréenéméndan el de edil en apar amet
yoruml anmécxkteéer . Deneysel ve teorik hesapl amal ar
teorik hesapl amal ar én mol ek¢l ¢n her hangi bir
a- ekl anabNdImekkgleldd rrisne nMER eman i h emglatin © veoNPdibg el er

el ektronegatiflifj]i y¢ksek olinasaC aatoanthlaar &reee rb anjdleé
atoml ar d okzmdriizred eo éktedirfMo | ¢k z Il ¢ mmvien dwyllallidlkag el e ml ar
ve Fukuifonksiyonaal i z| eri ne bakeéel déejénda MEP mseucunaal ar é
ul akél Bakt-ad&rk.ma il e hem deneysel veriler deste
el ektronik ©°zellikler elde edilmiktir.
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Static Analysis of Thin Plates Using Kirchhoff and ReissneMindlin Plate
Theories
AsstProfDr . | 1 k¢ H¢lya ¢al ék Karak?©®se

KstanbullniTveekrnsiikt e s i

Abstract In this paper, static analysis and convergence studies of thin plates are performed using the finite
element method. In the implementation, two different finite elements are used, the formulations of which are based
on the wellknown Kirchhoff and Reissnévlindlin plate theories. The deflections of the plates subjected to
uniformly distributed loads are obtained for successively refined meshes and for different plate thicknesses and
two boundary conditions. The relative displacenmanor analysis in L2 norm is also carried out and the results

are given comparatively. It is demonstrated via numerical examples that for both of the boundary conditions, as
the thickness of the plate decreases, the central deflections are underestinubtieel convergence rates decrease
considerably due to the shear locking problem which arises when full integration is used in the implementation of
ReissneiMindlin plate theory. This phenomenon is eliminated with selective integration which is appied to
shear stiffness matrix of the finite element. It is also observed that, in the implementation of both theories, the
convergence rates obtained for the simply supported plate case are smaller than the values obtained for the
clamped plate case.

Keywords:Kirchhoff Plate Theory, Reissnéfindlin Plate Theory, Shear Locking, Convergence Rate

INTRODUCTION

The weltknown Kirchhoff and ReissnéMindlin(R-M) plate theories are the two theories widely used

in the bending analysis of thin plates. Acdoglto the Kirchhoff plate theory, after deformation, the

plate thickness does not change and the straight lines normal to the midplane remain straight and normal
to the midsurface. In the finite element implementatior,cGntinuous elements are requirén R-M
platetheory,shear deformatioandrotary inertiaeffects are taken into account and it is assumed that
straight lines normal to the midplane remain straight but not orthogonal to the midplane after
deformation. €continuous finite elements suffice in the finite eletiamplementation.

WhentheRM pl ate el ements are applied to thin plate:
due to the excessive transverse shear deformation effects. This problem can be eliminated by using
methods like reduced or selectivegigtation as in [2], nonconforming element method as in [3], the

discrete shear gap method as in [4], assumed shear strain method as in [5] and the mixed interpolation

of tensorial components method as given in [6]. Quadrilateral and triangular elbamadsn the strain

approach are developed for static, free vibration and buckling analyses of Réiksdin plates by

[7]. In [8], a combined edgbased and nodeased smoothed thremded triangular plate element is

developed where the shdacking dfect is eliminated by using the mixed interpolation of tensorial
components method.

In this study, static analysis of thin plates is performed and convergence studies are carried out using
two different finite elements and the results obtained are gvaparatively. The Kirchhoff plate finite
element is a founoded rectangular plate finite element developed by Melosh [9] and Zienkiewicz and
Cheung [10,11] and the-R plate finite element is a fouroded quadrilateral plate element developed

by Hughes etl. [12] and Pugh et al. [13]. Both of the finite elements have three degrees of freedom
(DoF) per node which are one deflection and two rotations. It is demonstrated via numerical examples
that the shear locking problem arises when full integrationad irsthe implementation of Reissner
Mindlin plate theory and is eliminated with selective integration.


https://www.sciencedirect.com/topics/engineering/mindlin-plates
https://www.sciencedirect.com/topics/engineering/mindlin-plates
https://www.sciencedirect.com/topics/engineering/shear-deformation
https://www.sciencedirect.com/topics/engineering/rotary-inertia
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KIRCHHOFF PLATE FINITE ELEMENT

A four-noded rectangular thin plate bending finite element is used in the implementation which has 3
DoF (one deflectiomnd two rotations) at each node, Figure 1.

| 125

Figure 1. Thin plate element

The formulation of the finite element is based on Kirchhoff plate theory and the displacement vector of
the element is

u={w 6 &) 6y,
Where
o — dwr P dw 2)
¥ gy j Y Ay :
and the stresstrain relation is
[g] = [Dy ][] (3)
The strain vector is defined as
o 8%w
Ax?
2w
=1 =357 | )
Aiw
L dxdy

and the isotropic material matrix is

. 1 v 0
Eh v 1 0 .
D = T - 5
2

Here,Ehandvar e t hemoYdwlnwgsd,s t he plate thickness and t

displacement function of the na@mnforming 12 DoF finite element consisting of incompleéto&ier
polynomials is

w={1 x y x* xy y* x* x%y xy* y* 2%y xy}{ D (6)

r
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wherea,,as,...,a;2 are arbitrary constants. The nodaplacements’ are obtained using

jBTDdeA u=Ku'=f (7)
A

| 126
whereu' are defined az = N,.u' andi,, indicates the shape function matrix consistinG‘afontinuous

shape functiong is the stiffness matrixf is the nodal external force vector aBid= LN, whereL is
the derivative operator

i a: !
— axf
a_
— a}?:
a:

k_z dxdy )

(8)

REISSNER-MINDLIN PLATE FINITE ELEMENT

The thick plate bending finite element which is used for the analysis of thin plates in this study-s a four
noded rectangular element with 3 DOF (one deflection and two rotations) at each node (Fig. 1) and its
formulation is based on-NI plate theory wher the shear deformation effects are taken into account.
The displacement vector of the element is given as

u={w & 6,7 (9
where
dwr dwr i
€x=a—y+l{p}. ' E}.=E+l{p1 {lﬂ}

@, andg, areadditional rotations whickxistdue to the lack of orthogonality of the midplane normal

after deformation. Since the rotatiagisandd, cannot be computed in terms of deflection only, they are
taken as independent variables. The ststisgn relations for bending and shear are

[("_b] = [Db][Eb] 1 [‘:"_5] = [Ds] [Es] (11)

respectively where the isotropic material matrix for shear is

EERh 11 0 :
Psl =30+ o 3] (12)

Here,k is the shear correction factor which can be taken as 5/6 for a rectangular and homogeneous
section. Strain components for bending and shear are

gy, = Lyu , &.=1L.u (13)
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where the derivative operators are

I
ox ° 1 o
i) ax .
[Lx]=|0 O | [L:]=|73 (14) | 127
— 0 -1
o 2 3 a
L dy dx

In the finite element discretizatiofi® continuous bilinear shaganctionsare usedor all of the nodal
unknowns. The nodal displacementsre obtained using

j{jﬁgabﬁb +BID.B.)dAu'=Ku'=Ff (15)
A

Here, B, = Ly N, and B, = L.N,, wherelV,, is the shape function matrix used for the nodal unknown
displacements.

BENCHMARK EXAMPLES
Thin square plate with simply supportedand clamped edges

A thin square plate is subjected to a uniformly distributed load of 1 kbhu is solved for simply
supported and cl amped boundary conditions. The |
E=1x1®kN/m?and t he Podsin<.8.dhe finite elementiimplementation is performed for the
thickness to length ratios h/L=1/10, h/L=1/50 and h/L=1/100 and for successively refined meshes ((2x2),
(4x4), (8x8), (16x16), (32x32), (64x64)) using the two plate theories. The reléplagement errors

are obtained in L2 error norm through the equation

g — gl .
e 16
lell, ] (16)

wheret . andi, are the calculated and exact displacements, respectively. In the error analysis, the finest
mesh (64x64) is chosen as the reference mesh and is used for the exact solution.

According to the gauss quadrature rule, it is determined that 2x2 Gauss integoatis are sufficient

in the finite element implementation of the Kirchhoff plate theory. On the other hand, 2 different gauss
guadrature rules are applied in the implementation-bf Rate theory, which are full integration using

2x2 gauss points andlective integration using 2x2 and 1x1 gauss points for bending and shear stiffness
matrices, respectively.

Central deflections of the simply supported and clamped plates are obtained for h/L=1/10 for
successively refined meshes as given in Fig. 2. Ibseved that, for both of the boundary conditions,
shear locking problem does not occur when full integration is used in the implementatidh piake

theory since h/L=1/10 is the transition ratio from thin to thick plates. The deflections converge to a
constant value for Kirchhoff plate solution andMRplate solution with selective integration -(R
(selective int.)) using 8x8 meshes whereas the deflections obtained ubingld®e theory with full
integration (RM (full int.)) converge to the value oliteed with selective integration using 64x64
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meshes. Note that the converged deflections of the Kirchhoff plate solutions are smaller than the values
of R-M plate solutions.

For both of the boundary conditions and for all of the thickness to length th&asjdpoint deflections

are too far apart having unrealistic values for the coarsest mesh (2x2) since the number of elements used
is insufficient to capture the actual behaviour of the plate. This situation is more apparent for the solution
using RM plate theory where linear shape functions are used. | 128

0,0E+00 0,0E+00
—_ g 1000 2000 3000 4000 = 0 1000 2000 3000 4000
[= £
-2, 0- Girchhoff E°5,0E-08 .
5 2,0E-07 —h— K chl?c . 5 Kirchhoft
G R-M (full int. ) g R-M (full int.)
“_? 40807 4 R-M (selective int.) +-1,0E-07 R-M [selectve int.)
k] = " g
= - .
£ 6oe07 S156-07 [ T
g z Iy

-8,0E-07 -2,0E-07

# ofelements # ofelements

Figure 2 Central deflections of the square plate with mesh refinement
Simply supported (left), Clamped (right) (h/L=1/10)

The plate is then solved for h/L=1/50 corresponding to a thin plate, Figs 3ekn that for both of the
boundary conditions, the midpoint deflections are underestimated due to the shear locking effect when
full integration is used in the implementation ofMRplate theory. Very close deflection values are
obtained for Kirchhoff fate theory and B (selective int.) plate theory using 8x8 meshes while the
deflections diverge for coarser meshes (4x4 and 2x2).

0,0E+B6- 0,0E+86-
-500 500 1500 2500 3500 4500 -500 500 1500 2500 3500 4500
-2,0E-05 —— Kirchhoff -5,0E-06 ——d— Kirchhoff
R-M (full int. ) R-M [full int.)

-4,0E705 R-M (selective int.) -1,0E:05 R-M [selective int.)

-6,0E105 7 -1,5E05

-2,0E-05 f

-1,0E-04 -2,5E-05
# ofelements # ofelements

-8,0E-05

central deflection{m)
central deflection{m)

Figure 3 Central deflections of the square plate with mesh refinement
Simply supported (left), Clamped (right) (h/L=1/50)

The midpoint deflections of the plate for h/L=1/100 are given comparatively in Fig. 4. Since the plates
have smaller thicknesses, the shear locking effect becomes much more pronounced when full integration
is used in the implementation of MR plate theoy. Moreover, the curve obtained for mesh refinement

is steeper and there is no tendency to converge to a specific value even for the finest mesh.

0,0E+00 0,0E+00
R .0 1000 2000 3000 4000 o 1000 2000 3000 4000
E-_.CE-D— = =
T 20600 5,080
g g
B s0e0e o
% Bl OE-04
5 40E0s g e
™ m
g -5,0E-04 —e— Kirchhoff + -1,5E-04 f" —a— Kirchhoff
3 _6,0E-04 R-M (full int. ) ) a R-M (full int. ) .
R-M (selective int.) 5 0E-0e R-M (selective int.)
-7.0E-04 # ofelements - & of elements

Figure 4 Central deflections of the square plate with mesh refinement
Simply supported (left), Clamped (ht) (h/L=1/100)
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The relative displacement errors of the simply supported and clamped square plates are obtained in L2
norm using coarse and successively refined meshes for the 3 thickness to length ratlésQh1l/50,
1/100) and given in logarithmiacale as shown in Figs-&B The slopes of these ersize curves
correspond to the convergence rates of the numerical solutions to the exact solutions. The convergence
rates for the simply supported plate case are smaller than the rates obtainedléonplee plate case
for Kirchhoff and RM (selective int.) solutions. | 129

It is seen that for h/L=1/10, the convergence rates for @ull int.) solutions are smaller than the rates
for the Kirchhoff and RM (selective int.) solutions for both of the boundaonditions.

;6
2 -1,5 =] 0,5 0,5 0 2 0
8 T 05
@ 5 1,0
g -1,5 o
=5 Z 1,5
o Kirchhoff —=
= . 25 g Kirchhoff 2,0
I —8— R-M (full int.) .gJ R (ul it |
- . £ ® o . 2,5
R-M [selective int.) R-M (selective int)
3.5 1 3.0

og(size) og(size)

Figure 5 Relative errors of the square plate with mesh refinement
Simply supported (left), Clamped (right) (h/L=1/10)

When the plate thickness to length ratio is reduced to 1/50, the (Rill int.) solutions have
considerably smaller convergence rates for both of the boundary conditions which is due to the shear
locking effect. The convergence rates do not change amgehslightly for Kirchhoff and RV

(selective int.) solutions, respectively for the simply supported plate case whereas the convergence rates
do not change for Kirchhoff and-R (selective int.) solutions for the clamped plate case.

It is observed that theonvergence rates for tfieM (full int.) solutionsdecrease significantlgs the

plate thickness to length ratio decreases to 1/100, i.e. the shear locking effect becomes more pronounced
and the convergence rates for Kirchhoff antiRselective int.) slutions do not change for both of the
boundary conditions.

t
un
=1
n
=)

RN -
[== TV B e T o

un

Kirchhoff -2
—— R-M{fullint.} 3.0

log{relative error)
log{relative error)

Kirchhoff 25
—— R-I (full int.) -3,0
B-M[selective inty 5 R-M (selective int.]g ¢

- 3,

Figure 6 Relative errors of the square plate with mesh refinement
Simply supported (left), Clamped (right) (h/L=1/50)
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Figure 7 Relative errors of the square plate with mesh refinement
Simply supported (left), Clamped (right) (h/L=1/100)
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CONCLUSIONS

In this study, static analysis of thin plates is carried out for three thickness to length ratios and for two
different boumnlary conditions using Kirchhoff and-R plate theories and the midpoint deflections and
the convergence rates obtained are compared with each other. The results are as follows:

When using full integration in the implementation ofMRplate theory, the shedocking problem
becomes more pronounced as the thickness/length (h/L) ratio of the plate decreases from 1/10 to [L/680
and 1/100 This problem is eliminated using full integration (2x2 Gauss points) for the bending stiffness
matrix and selective integratida single Gauss point) for the shear stiffness matrix of the element.

The midpoint deflections are too far apart for the coarsest mesh (2x2) for both of the boundary conditions
and all of the h/L ratios, which is due to the insufficient number of elemeatsand it is more evident
for the solution using R plate theory since linear shape functions are used in the implementation.

For Kirchhoff and RM (selective int.) solutions, the convergence rates for the simply supported plate
case are smaller thalmet values obtained for the clamped plate case.

For both of the boundary conditions, the convergence ratesNb(fRll int.) solutions are smaller than
the rates for the Kirchhoff and-R (selective int.) solutions and these values decrease considenably d
to the shear locking effect as the thickness of the plate decreases.
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¥zektoirozyon ¢reéegnlerinin olukumunda °de¢n veril meksi zi
ekdejer akéem kull anél ar ak korozyonun hézl andéer él maseér
tekniiji, beton i-erubukbagéml| bebiahi deahbit®e oranlard
sahip olsa da, ekdej er akem taraféendan tesir et tiri
yansét amaz. Teori k ve ger-ek korozyon khegtbaukaygyépbkarcte
-ubujunun bil eki mi, bet ondaki mi nerallerin elektriks
araktéermanén amaceée, yazarlarén bil gisi dahilinde ol ma
kal lhM@kbetonarme kol on numunel erinin, daha °nceden kay
olukturul an deneysel veriler kullanel arak, hesap edil
ampirik bir ilikkek karamaktaepir iGel modieti Ilkawl | anél ar ak
literat¢rde bildirilen teorik bir model kull aneéel ar ak
tahribatséz ol ar ak °l - ¢l en ekde&] ekorakmnuredrer Idahia
dejerlendirilebileceji beklenmektedir.

Anahtar KelimelerrKor ozy on,

Betonar me Kol on, Ekdejer Akém Yoj] ul

Comparison of Experimental Corrosion Levels of Corroded Reinforced Concrete Columns With Theoretical
Corrosion Levels

Abstract There is a strong scientific rationale for accelerating corrosion by using an equivalent current to achieve
desired corrosion ratios without compromising the formation of corrosion products. Although the applied
equivalent currat technique has the advantage of corroding the rebar embedded in the concrete at certain
constant rates, the corrosion ratio induced by the equivalent current cannot fully reflect the actual corrosion ratio.
Reasons why theoretical and actual corrosiorsslasses are not the same; it is attributed to various factors such

as the resistance of the concrete, the composition of the rebar, the electrical properties of the minerals in the
concrete. The aim of this research, to the knowledge of the authoesesgablish an empirical relationship
between the calculated theoretical corrosion ratio and the actual corrosion ratio, using experimental data created
with previously recorded corrosion current density measurements of 25 reinforced concrete columanspecim
exposed to corrosion at different concrete compressive levels. It is planned to compare the experimental findings
obtained using the empirical model to be developed with the results obtained using a theoretical model reported
in the literature. Thus,tiis expected that reinforcement corrosion can be evaluated more accurately by using
equivalent current values measured raestructively.

Keywords:Corrosion, Reinforced Concrete Column, Equivalent Current Density, Reinforcement Bar

"Bu -al eékma, Do- . Dr . ATKLA KUMBASAROJLU®nNnunN danéxki
taraB ndan hazeérl anan fAKorozyonlu Betonarme Kolonl ar én
Yojunlujuna Bajlée Olarak Teorik Korozyon Seviyeleriy
al enméexkt ér .
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Bu -al é&kmada, Yal-éner (2017) taraféndan ger - ekl
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numunel erinin korozyon erilerihapsanameardaar | aa€an
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l evhal ar kat ot gerevi germ¢egemgyl e Hpabthaddeeém
numunel erinin teorik/ deneysel korozyon oranl ar é
2600
v rA
= |
<o
&% |
ol
2200 & : | 134
v - ;
B
- ~A Kesit A-A
2 1) 300/400
g- etriye: 6@8/100
L=1340
[} s
g? 5 C-C Section
zl &) O sl 300/300
@ A TR ER stirrup: 24®8/8/150/100
L=1120
- 2 5
S=2 B-B Kesiti
2T s 300/400
a Etriye: 8®8/100
L=1340
400
v B
£ |
57 |
=
e F |
LB

kekiBletao.nar me kol onl arénén kesit ©°zell ikl
Tablol.Deney numunelerinin teorik/deneysel korozyor
NUMUNe Teorik DS NbeS Deneysel/Teorik
Y2NRT &2 Y2NRIT &2 Y2NRT &2y |
c2 6.78 2.57 0.38
C3 8.19 2.78 0.34

C4 12.18 5.84 0.48
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NUMURe Teorik DS NIeS | Deneysel/Teorik
Y2NRI €62 Y2NRI &2 Y2NRI é2y |
C5 17.02 6.45 0.38
Cc7 6.51 3.68 0.57
C8 8.04 4.83 0.60
C9 12.03 5.32 0.44
C10 17.01 6.01 0.35 | 135
C12 6.50 2.58 0.40
C13 8.02 1.80 0.22
ci4 12.02 3.30 0.27
C15 17.35 7.93 0.46
C17 6.50 2.33 0.36
C18 8.00 3.03 0.38
C19 12.03 4.80 0.40
C20 16.87 6.91 0.41
c22 6.50 1.96 0.30
c23 8.01 2.98 0.37
c24 12.00 5.02 0.42
C25 17.00 7.44 0.44
c27 6.50 2.27 0.35
c28 8.00 3.92 0.49
C29 12.01 4.47 0.37
C30 17.01 7.28 0.43
Hezl andéerél mék Korozyon Y°nt emi
Hezl andéer €l mék korozyon y°ntemi doj al yol l ardan
s¢relerde ul akmayé hedefleyen bir y°ntemdir. Bet
°l - ekl i hezl andér &l mék korzozoyno nh ahvauvzwz ub ek winl ainl éel |
akém kaybéenée °nlemek i-in beton havuzun her y¢ ze
2). Bu y°ntemde kull anélan devre el emanl aré keki
60volt10a mper ayarl anabilir g¢- kaynajé, sistemden
bil gi sayar sistemi ile sistemde ol asé elektrik k
kaynajéndan ol ukmaktadér
Betondaki donaty®nwuelbi Jlimidnj korgaer e, i - vel/ veya
Bunl ardan il ki; =-imento bilexkimi, agriagealtar dakain
ve katkélaré i-erir. K- et kenl er gemel |kiokrloez,y oyn
seviyesinin olukmaséna neden ol ur. Bir dek et ke
el emanl|l arénén dék y¢zlerinde korozyon ol aseéel ej él
altendaki bet on&réeme sl ian blea roém,r me- kyd ol ar én deécx
seviyeleri sergil eme ejiliminde ol dujunu g°ste
havuzundaki Ssu seviyesi, t emel i -in daha y¢ksek
sg |l ayan betonarme kol onlaréenén ¢(st seviyesine K:
yézl erden daha fazla korozyona maruz kal abil ec
yanséteéel maséeydeée. Korozyon s ee kosoa/dnenedeniyle Bokulma ( 1 99 7
i °©z ©°n

dereces ende bulundurul arak ayarl ande.
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A rt1 kutup
’v

g . n-‘-:m
Bakar levha # ,-‘ A .

kekiTlan2 .l -ekli paslandérma havuzu.

Al érl ek Kaybé Y°ntemi

Korozyon hézénén (oranénén) tespit edil mesinde
y°nt emiodziywvonakKomar uz bérakélan metal, korozyon s ¢
altena al éneér Yal ci ner (2017) taraféendan y¢r ¢t
hezl ander él mék korozyondan ©°nce,- ublukkllagtél efleerr-ianl
temi zIl enmi Ktir Her boyuna donateé =-ubuju ve etr
noktal é y¢k hegcrelii bir terazi kull anél mékt ér .
tarteéelan metalirn Megthédkayegdbohugel en k¢gtl e ka
korozyon hézé hesapl anér.

A _ aw

Korozyon hizi = — @

Denkl emWhkogtdee kayWmenal { mgly, z%ty sal aiygnué aham 2z ama
belirtmektedir.

Ekdejer Akém Yojunl uju

Ekdejer Aké@am Wo]J umbe] -al ékmalarda genell ikl e Kkt
akém yojunl uju birim anot y¢zey al anéndan ge-en
koruma hesapl amal arénda korozyon(mA/gz éveéyad) mé Abt m
cinsinden kullanél masé tercih edilir. Birim met
dojrudan korozyon hézéné verir. Faraday Yasaseén:
biriml ik exkdejbalgnamgmadde Eyektr oRolamkwerima kor oz
I1mA/cnt=10A/m0 di r. El ektrotlarda y¢reéegyen kimyasal rea
ol masé halinde polarizasyon ol ayé meygdeara aqeléinr .
yojunlukl aréna baj ol arak artarEw) Deaegbuhal kade®
gel en bir klgd opyoruakeéeme

(o]
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ARAKTI RMA BULGUL ARI

Kl gili -aléekmada Yalciner 2017 tasamemdan cget i ¢
korozyona maruz béerakél mék 24 adet betonar me kol
kanununa g°re hesaplanan teorik korozyon oranl ar
korozyon oranbandaldiejelrl ekil earaincel enmikti[l37 (
bet onarme kolon -d®d8né&atébD8)esAng§mMailGiL]l ar éna wuygun
yontemler kullanélarak temizlenmicktir. Kivemy as al
i -erisine kullanélacak ol an su k¢tlesinin %506 }
boyunca bu karékémda bekletil micktir. Mekani k ter
monte edilerek yapealirhé ktléri,.m B°%ylued ea,r egnréa witrkd tl ey
donaté y¢zeyinden uzakl aktéreéel mékteéer .

kekil 360de -aléexkma kapsaménda el de edilen teor
tamaml anmasénén ardéendan graekmkeor okyHdejgandleer v é
araséndaki ilikkiler sunul muktur. Sunulan dejer/|l
kapsamaktader . 24 adet deneysel numunel erden, g

ger - ekl i2kéldee kbik igtilbiik hesap edi |l mi ktir.

Gercek korozyon orani = 0.4208x(Teorik korozyon erani) — 0.1994 (2)
C2-C30
10,00
y =0,4208x-0,1994
c R*=0,8439
® 8,00
O
c
o
& 6,00
9
o
~
v 4,00
Q
il
Q
O 2,00
0,00
0,0 4,0 8,0 12,0 16,0 20,0
Teorik Korozyon Orani

kekiC-C30 Numunel eriTrerakt kGeonzghkhn oranl aré ar as:¢

Donate y¢zey al anéna hoaddjéeroll earria ki lhee stag4 laanraché rt eelo
tamaml anmasénén ardélgpdefpeheeapl, aganfaehkéegsbdlet on

Elde edilenl o Jreorie — Ucorr)pensysetl | 1 K kil eri kekil 46de sunul muxt
sénéefé ve ahéheér kaypyosmyarcak «kekil de el de edil en ¢
°nerilmiktir. ¥nerilen modeller séraseé ile Exit]l

eksenel yé¢k oranl aréna g°re sunul muktur.
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{:IGEF‘?‘}TED?‘E'J{ = ﬂ'52?31:{:}:9:':'}5'9?!9}?921 {CZ{] ve 1 = %20 IQITI} (3)
U eorr)Teorie = 0.7289x (1o ) peneysets (€20 ve n = %40 igin) (4)
{:Icm‘r}]!'sm‘ik = {].?Egzx{:fcp,.,,}ﬂg,m}ﬂ:, {CB{] e ?’} = '1-".::-2[] lglﬂ'l} (5) | 138
Uorr)reorae = 0.7767x (1o peneyset: (C30 ve n = %40 icin) (6)
C12C15 C17-C20
400 300
=300 | Y= 0,6273x 250 | ¥=0,728%x /
s wuy [ nZdnpr] £ 200 [R=0.9992
2@ 200 $ 150
T o & 100
§ 100 5 s

o
o

0 100 200 300 400 500 0 100 200 300 400 500
Icorr(Deneysel) Icorr(Deneysel)
C22C25 C2+C30
400 400
X 300 y =0,7682x < 300 Y= 0.7767x
s wu [ nx 5
o 200 @ 200
£ : = wy T
o 100 o 100
o o
0 0
0 100 200 300 400 500 0 100 200 300 400 500
Icorr(Deneysel) LO2NNB5SySeasSto

k e k iNumudelere ait!corr Jreorix V€ (Lo Jpeneyeet ( OAAC M €] €1 | e i

Exkitlik 3, Exitlik 4, (UgWrdd+UKerlpm-gi Eimbdellerink 606 da ;
dojrulujunun, karakteristik beton baodam-akdayadaneée
anl akél mekteéer .

C2-C30 numunelerine ait teoriker ve ger -ek korozyon orané dejerl e
ver i | mi kt iTeorik (ke k—Gercelsk@mdavonoranii - in gel i ktirilen mo
mar uz berakél méecx t¢m bet onar medengysel pumunelerdem é k af
Teorik(I.ow)i -in °nerilen model, %87,69 ger-eklikle Et

(7)
Tem verilerin %7061 ejitim, Peddedjue rtienset baanjal-é8 éo lka
korozyon oraneénégnelhedgdplidremasntodie-li nuy aAddptvana |l € aj
Neuro Inference System ANRIS kul | a@%4d Ime&exdrerve tahmin edil en

grafikleri (Teoriklecor i ger - ek korozyon oraneée) il i kki likédi keki
iger-ek korozyon oraneée ilikkilerinde, ortalama 0.













































































































































































































































































































































































































































































































































































































































































































































































































































