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¥ZET

Bu -al ékmadakorkianmrumma ytaispl pr &€ si st emi i -1 n r
kull andeéek. Akékkanl ar dinamijinde Ikulmuanél ar
i -in sayeésal hesapl amal ar yapteéek. El de edi |
l'ineer ol mayan k & s mi di feransiyel denkI| eml
gevenilirlijini, verimlilijini .wve ekonomi k u
Anahtar Kelimeler: Rezi d¢ kuvvet seri si met o d weliptikk or unu
tip, Van der Waals denklemleri;pi st emi ; hata analizi, kararl é
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KESKRLK MERTEBEDEN KNTEGRAL VE KNTEGRO DK
DENKLEMLERKNOBGG®ABLE DKFERANSKYEL D¥N!k!M M

(CDDM) KLE ¢¥Z!M!' ! ZERKNE
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¥ZET

Bu -al ékmada, kesirl. mertebeden t ¢reve
denkl eml erin Conformabl e Di feransiyel D% n ¢ K
veril mi ktiCronf &t mab’lnecedi f erensi yel d°n¢gkem
°©zell ikl dgruir . s Dmthlamuskonr doPnedahendoC®ODM] ayl ar
sisteml eri model |l emek i -1in - oiktegrg ye ihtggroar a - C
di feransiyel denkl| eml er iKtegral- VYezigtegrgdiferansiyah kul I
denklemlerink ul mama & anlsairsét emi n hem ge- mi Ki ni hem d
kat ma gerekIl il i7Ji ol anCheMOo yemir@yr ki gial @ Kk enkh e
bir al goritma sunul muktur. Y°ntemin wuygul an
sayersmdkl®er incelenmik ve elde edilen sonu-|
mevcut y°ntemlerle karkeél akteérel méexteéer. El de
mertebeden integral ve integdoi f er ansi yel denkl| emljeirnin o r°tza,ym

koymuktur .

Anahtar Kelimeler: EKe si r | i T¢erev, Kesirli integr al De
Denkl|l emi, Conf ormabl e Diferensiyel DS n¢Keém
Te¢erev, Yaré .Anal iti k ¢°z¢m
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ygtderya.hotmail.cor0003000532447119

Aynur Yal -éner
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ABSTRACT

The Parikh matrix mapping is a mapping from words to matrices. Given an ordered alphabet
L={a, <a, < <a;}, the Parikh matrix of a wordy provides the count of each factor of

the worda, ... a; that appears as a subworckinThe Parikh matrix mapping was extended by
considering an arbitrary wonginstead of an ordered alphaliefThe extending Parikh matrix
coincides with Parikh matrix if it islefined with respect to the woid= a,a, ... a;. In the
literature, the determinant afcertain submatrix of Rarikh matrix was studied, and the Parikh
determinant was defined.

In this talk, we will present the generalization of Parikh determinant for the extendid Pa
matrix.

Keywords: Parikh matrix extended Parikh matrix; determinant.
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KLASKK VE SAJLAM K! MELEME Y¥NTEMKNKN HDLSS
! ZERKNDEKK UYGULAMA BAKARISININ DEJERLENI

G¢l kah KILIGC
Gazi i niversi Easit ] tEep, BKst mkesti k Anabil i

qulsah.kilic@gazi.edu.tr i ORCID ID: 0000-00029125916X

Prof . Dr . Necla G} ND; zZ
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ngunduz@aqazi.edu.tr - ORCID ID: 0000-000311387696

¥ZET

Genomi k verilerde sékléekla karkeéelakeélan vyg¢k:
yapékl asi k k¢gmel eme al goritmal arénén perforr
°l -¢tl erin geveni b irl i Jini azalt makt a vV e
g¢é¢-lektirmektedir.

Bu -al ékmada, HDLSS °zelli k takiéyamempiopgdge en

g°zlem varl éj enda kIl as iokalakatam(@reeammes )y °i ntee s ajrl
medyan (kme di an) kg¢mel eme al goritmasénén bakar ésé¢
edi |l en sonu-1I| ar pop¢l oer k ¢imell @emie ibla& araé aldie
k¢mel enen gruplarén biyolojik olarak anl aml
metrikleri (Adjusted Rand Index, Silhouette indeksi, Dunn indeksi ve Califsiabasz skoru)

aracelejéeyla dejerlendirilmiktir.

Ger -e&anakrtine ek olarak, aykeéereée g°zlemlerin
HDLSS ver.i setl eri iczerinde bir sim¢gl asyon

aracel ejeyl a, al goritmal arén ayla&r é da%yalnerkll
karkeéel akt érmal & ol arak dejerlendirilmixktir.

Bu anali z, kl asik y°ntemlerin séenérl él ékl ar e
daha sajlam alternatiflerin geliktiril mesine

Anahtar Kelimeler: Y¢ ksek boyutl u d¢gkegk ©r n-ertalamalarpl € ve
kkmedyan, aykéré g°zlem, ARI, SiHarabaseskdrue i nde
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EVALUATION OF THE APPLICATION SUCCESS OF CLASSICAL AND ROBUST
CLUSTERING METHODS ON HDLSS DATASETS

G¢l kah KILIGC

Gazi University, Graduate School Of Natural And Applied Sciences, Department Of
Statistics, Ankara, Turkiye

gulsah.kilic@gazi.edu.tri ORCID ID: 0000-00029125916X

Prof . Dr . Necla G} ND; zZ
Gazi University, Faculty of Science, Department of Statistic, Ankara, Turkiye

ngunduz@gqgazi.edu.tr- ORCID ID: 0000-000311387696

ABSTRACT

The highdimensional, lowsamplesize (HDLSS) structure frequently encountered in genomic
data often diminishes the performance of classical clustering algorithms, particularly reducing

the reliability of distancdased measures and making it idifft to distinguish between
clusters.

In this study, the performance of classicamkans clustering and the robusimledian
clustering algorithm was thoroughly evaluated under the presence of outliers using popular
genomic cancer datasets that exhibittH3 characteristics. The results were analyzed using
widely accepted clustering performance evaluation metrics, and the biological validity of the
identified clusters was assessed using validation indices such as the Adjusted Rand Index,
Silhouette indexDunn index, and Calinskilarabasz score.

In addition to real data analysis, a simulation study was conducted on synthetic HDLSS datasets
generated with consideration for the presence of outliers. Through these simulations, the

robustness of the algorithraader challenging conditions involving outliers was comparatively
assessed.

This analysis highlights the limitations of classical methods and underscores the need for more
robust alternatives tailored to HDLSS genomic data.

Keywords: High-dimensional low sample size datasets (HDLSShdans, kmedian, outlier,
AR, Silhouette index, Dunn index, and Calinskarabasz score
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MS HASTALI JI NA KARKI LKGAND K| T, PHANE TARAMA
ADMET ¥ZELLKKLERK

Ké¢bra ¥zmen
Bat man | niversitesi
kubraomennn98@gmail.com0009-00041921-8146

Do - . Dr . Sel ami Er can
Batman | niversitesi
selami.ercan@batman.edu.9000-:000295286122

¥ZET

Mul tiple Sclerosis (MS) santral sinir siste
olarakt anéml anabi |l ir. MS hastal éj é mer kezi S i
demi yelinizasyon |l ezyonl aréna sebep ol makt a
ger-eklexxtirilen bir -aléexkmada oksi mSlR er en
ve GPx4 enzimlerinin inhibisyonu ¢zerinde ol
-al ékmada, b u bil eki kl er e bakka fonksiyon
dejiktirilmesi ile daha iyi bebhtrhdaghal eégan
olarak kullanélarak swisssimilarity sitesi
séneéeflaréna g°re 9668 bilexkik indirilmik ve
i -eren bir k¢t ephdnegamldhmtr @mulinmuakt ual.abBUd me
ADMET ©°zell ikl eri s whttss #laodigriab.ugedu.aw/picyndtéled S M (
aracelej ile araktereéel mékxtér. El de edilen ve
Muegge metodl aréna g°re genel olarak il a- o
sunumda 9381 mol ek¢l ¢n gearkdlerk amrea ldteg ri ing tlii k k/
veriler neticesinde MS hastal éejénén tedavi si
1-phosphate (S1P) ve glutathione peroxidase 4 (GPx4) enzimlerine docking metodu ile
yerlektiril me -advamaétmekthadir hakm®aldiaz|lder s
Li pinskionin 5 kuraleéena uyduju belirlenirken
ise 3 kokula uymadeéejé belirlenmicktir.

Anahtar Kelimeler: Mul t i pl skl erozis, ADMET, Kl a- tasa
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Ol L CONTENT AND FATTY ACI D COMPOSI TI ON OF
PhD Student Sare KILIC*

Ataturk University

sarak6272@gmail.confOrcid ID: 000600034467-8254)

Research AssistTamRZKOQJLIWEI i f EKKZ

Ataturk University

elifekiz@atauni.edu.1(Orcid ID: 000600025557%4226)
Prof . Dr . Fati h ¥Z
Ataturk University

fatihoz@atauni.edu.tr(Orcid ID: 0006000253007519)

Assoc. Prof . Dr . Emel ¥Z

Ataturk University

emel.oz@atauni.edutfOrcid ID: 00060003 37662713)

ABSTRACT

Wheat, belongs to the Triticum family, is a cereal type of great importance because it is the
basic ingredient of flour, pasta, bread and various bakery products. Wheat gernproduny

of the wheaprocessing process. However, the nutritional value of thigrbgluct is quite high.
Herein, the oil content and fatty acid composition of wheat germ were investigated. The oil
content of the samples was determined by the Soxhlet extraction method dattytlaeid
composition was determined by the fatty acid methyl ester method in gas chromatography (GC
FID). As a result of the study, the average oil content of the samples was determined as

11.93N0.34%. A total of 12

in thedfatty acid pradilé. THeat t y

average saturated fatty acid content, monounsaturated fatty acid content and polyunsaturated

fatty

aci d content wer e deter mi ned as 19. (

respectively. Palmitic acid (C16:0), oleic acid 821) and linoleic acid (C18:2) were identified

as the dominant individual fatty acids among saturated, monounsaturated and polyunsaturated

fatty acids, respectively.

Keywords: Wheat, Germ, Oil Content, Fatty Acid Composition
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BUJDAY RUKEYMKKR&KERKAK VE YAJ ASKDK KOMPOZK

¥ZET

Triticum ailesine dahil ol an bujday; un, ma k
maddesi ol masendan dol ayé b¢yé¢k °neme sahip
i Kl eme s¢reciolarbdkroybaygrz@kmaktadeéer . Bun
besl eyici dej eri ol duk-a y¢ksektir. Mevcut Db
ya] asidi kompozisyonu incelenmiktir. ¥rnekI
ya] ampazi kyonu 1 se yaj] asidi metil -EBIB)t er y°©°
belirlenmiktir. Arakteérma neticesinde °rnekl
edi Il miktir. Ya] asidi profilindeékseéer it ot taald
doymuk yaj] asidi i-eriji, tekli doymamék yaj
séraséyla %19,60N2,27, %22,40 N1,06 ve %58,
asitleri arasénda pal miaji kasistilte r(iClar: &) & n d ae k
ve -oklu doymamék yaj asitleri arasenda i se
ol arak belirlenmixkktir.

Anahtar Kelimeler: Buj day, Rukeym, Yaj i-eriji, Yaj] As

1.INTRODUCTION

The increamg world population and food demand are increasing the need for efficient use of
food resources day by day. In this context, research on the evaluation of industrial or agricultural
by-products in order to obtain functional additives has gained momentueaent years. It is
possible to obtain natural and functional products by using the rich nutritional contents in the
fractions separated after processing of grains in the industry. Wheat germ obtained from the
live embryo of wheat is a natural fractiohwheat and is separated as a millingdrgduct in

milling technology. The oil and polyphenol oxidase content are important factors in the
emergence of wheat germ as agrgduct.

It is known that the germ part has the highest oil content among whdadrfsagnd that this

part contains 115% oil (Brandolini, 2012)Wheat germ is prone to oxidation and rancidity
due to its oil content. In addition, the polyphenol oxidase it contains reacts with phenolic
substances and causes the color of the flodatken (Brandolini and Hidalgo, 2012). In order

to minimize the oxidation and rancidity problem during the storage of flour, the germ part,
which constitutes 2:3.8% of the grain, is separated from the flour as -proguct during
milling (Zou et al., 208). However, wheat germ is a source of various essential nutrients
including vitamin E, folic acid, thiamine as well as essential fatty acids. Wheat germ is easy to
absorb and has a high nutritional value. Since it contains less gluten than whole wheat, it
considered a good choice for those with gluten intolerance (Zhang et al., 2023). Herein, the oll
content and fatty acid composition of wheat germ, which is a valuabfgdolyuct, were
determined and the results were evaluated by comparing with Iiedsta.

Y
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2. EXPERIMENTAL STUDIES
2.1 Moisture Content

Wheat germs used as material in the research were supplied from a local flour plant in Erzurum.
Moi sture contents were determined gravi metr.i
hours and the seilts were expressed as % moisture content.

2.2.0il Content

The oil content of dried samples was determined by the Soxhlet extraction method. In this
context, the samples were treated with hexane at a ratio of 1:50 and extracted for 7 hours. After
the proe s s , the samples were dried at 55 A C wur
hexane and the results were expressed as % o

2.3 Fatty Acid Composition

Fatty acid methyl ester method was used to determine fattgaeigosition. Briefly, 0.1 g of

oil was mixed with 10 mL of #mexane and 0.5 mL of 2 N methanolic potassium hydroxide
solution was added. After the mixture was kept in the dark-dr lhour s, 1 OL of
phase was taken and injected into the GC (Sthemp A flame ionization detector (FID), and

a capillary column were used for analysis of fatty acids. Helium was used as the carrier gas.
Fatty acids were determined using standard mix. Results were expressed as a percentage of the
total fatty acids (Ekiand Oz, 2019).

3. RESULTS AND EVALUATION

The findings regarding the average moisture and oil contents of the wheat germ samples are
given in Table 1. The average moisture conte
Bil gi - 11 andd &tbermmijni ad (t20O 7MmMoi st ure content
(2012) reported that the moisture content of wheat germ varies between 11,58% and 12,96%
depending on the variety. This result shows that the moisture content of wheat germ may vary
depending omprocessing and storage conditions. It is known that the moisture content may be
lower in processed and stabilized products. It is thought that the drying process applied to
commercial wheat germ to increase storability causes a decrease in the moistuvé thee

product. As can be seen from Table 1, the average oil content of the samples was determined
as 11.93 N 0.34%. The findings regarding the
|l iterature (Gomez et al .2016)2012; G¢ven, 2012,



\ LONFEREY,
o £y "

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-191, -ERZ3JRUM
I SBN IrG 259 &2

MAD[M',
&,
8

ETT

D

Table 1.Moisture and oil contents of wheat germ samples

Moisture content (%) Oil content (%)

5,99 N 0, 35 11,93 N 0, 34

Findings regarding the fatty acid composition of the wheat germ samples are given in Table 2.
A total of 12individual fatty acids (myristic acid, palmitic acid, palmitoleic acid, stearic acid,
oleic acid, linoleic acid, gammaolenic acid, cisl1-eicosenoic acid, linolenic acid, €4,14
eicosadienoic acid, ¢i8,11,14eicosatrienoic acid, arachidonic aciwgre detected in the fatty

acid profile. Palmitic acid (C16:0), oleic acid (C18:1) and linoleic acid (C18:2) were identified
as the dominant individual fatty acids in saturated, monounsaturated and polyunsaturated fatty
aci ds, respect i(8&3) rgportecbthanthel daminbng fatty #cidsimthe wheat
germ samples extracted with cold press and supercritical carbon dioxide methods were palmitic,
oleic and linoleic acids.

Table 2.Fatty acid composition of wheat germ samples

Fatty acid MeanDN S
Palmitic acid (C16:0) 18,57 N 1,97
Z Saturated fatty acid 19,60 N 2,27
Oleic acid (C18:1n9c) 16, 09 N 1,22
F Monounsaturated fatty acid 22,40 N 1,06
Linoleic acid (C18:2n6c¢) 56,70 N 2,67
E Polyunsaturated fatty acid content 58, 00N2, 89

SD: Standard Deviation

The average saturated fatty acid content, monounsaturated fatty acid content and
pol yunsaturated fatty acid content were de
58. 00N2. 89 %, respecti vel y.int@nationaraathoetids asthet t vy a
main components that should be reduced in the diet (WHO 2003). It is known that foods high

in saturated fatty acids increase total plasma cholesterol. On the other hand, it is stated that the
content of polyunsaturated fatacids (PUFA) in the diet may have a cumulative effect to
improve public health. It is reported that a diet rich in PUFA may play a role in reducing plasma
cholesterol and blood pressure and preventing cardiac arrhythmia (Candela et al., 1996). In this
context, it is possible to say that wheat germ, which emerges apmdiyct, is a valuable

product in terms of its fatty acid composition.

N M
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4. GENERAL EVALUATION AND CONCLUSIONS

Wheat germ, which forms the embryo part of the wheat grain and covers apguedyi 23%

of the total grain weight, is a biologically valuable component even though it occurs as a by
product. Wheat germ, which stands out in terms of its oil content and fatty acid composition, is
suitable for use as a functional ingredient in thedfacndustryIn this context, it is thought to

have the potential to be used in many food industry areas, especially functional foods and
supplements, bakery products, vegetable oil production and special diet products.

8.

9.

REFERENCES:

. Brandolini A., & Hidalgo, A. (2012). Wheat germ: not only apsoduct.International

journal of food sciences and nutritiod3(supl), 7174.
Candela, M., Astiasaran, I., and Bello, J., 1996. Effect of frying on the fatty acid profile
of some meat dishedournal of Food Composition and Analysis, 9,-282.

Cankurtaran., T. 2016. Dol gulu Ve Dol gusu
Ve Bujday Rukeymi Kat késénén Bazé Kalite
Tezi, Geda M¢ighendisliji Anabilim Dal ée.

Delcour, J.A., Hoseney, R.C., 2013. Principles Of Cereal Science And Technology. 3rd
edition, St. Paul, MN, AACC International, USA, 270p.

Ekiz, E., Oz, F. (2019). The effects of different frying oils on the formation of
heterocyclic aromatic amines in ntiealls and the changes in fatty acid compositions of
meatballs and frying oils. Journal of the Science of Food and Agriculture, 99(4), 1509
1518.

Ertop, M. H. , Kut | uk, K., ¢coKkun, K., & C
kull anéeméwmiaeciypai ¢beti yakl akeée mAkademikngi nl e
G e ¢d14(4), 398406.

¥ren, D. (2013) . Sojuk pres ve s¢per ake
el de edilen bujday rukeym yajlarénén fi zi
¥zkaya, H. , ¥zkaya, B. , 2005. ¥] ¢t me T €

Yayéenl ar é, No: 30, Ankar a, 757s.
World Health Organization (WHO), 2003. Population Nutrient Intake Goals For
Preventing DieRelated Chronic Diseases. Geneva, 916132

10.Zhang, Z H., Cheng, W. L., Wang, X., Yang, F. W., Xiao, J. S., Li, Y. X., & Zhao, G.

P. (2023). Extraction, bioactive function and application of wheat germ
protein/peptides: A reviewCurrent Research in Food Sciend®0512.

11.Zou, Y., Gao, Y., He, H., Yang, T. (2018). Effect of roasting on physi@mical

properties, antioxidant capacity and oxidative stability of wheat gerframt] Science
and Technology, 9®46253.

NN



\ LONFEREY,
o £y "

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-191, -ERZ3JRUM
I SBN IrG 259 &2

MAD[M',
&,
8

ETT

D

| RAK6OI N KUZEYKNDEKK ERB KLT RRAAHA KNNDEAR KBSJK NUKNM, N
TOPRAKLARI N KALKTESK ! ZERKNDEKK ETKKSKNKN

Barzan Omar Azeez
Harran | niversitesi, M¢hendi sl i k Fakg¢gl tesi
barzanomer756 @gmail.cQ@RCID: 00090000367 78330
Prof . Dr . Mehmet Fatih Dilekojlu

Harran | niversitesi, M¢hendi sl i k Fake¢gl tesi,
dilekoglu@harran.edu,tORCID: 00060001-74071635
Do-. Dr. Masoud Hussein Hamed
Sel ahaddin [ niversitesi, Fen Fak¢l tesi, Pe

masoud.hamed@su.edu.l®RCID: 0000000323589324

¥ZET

Topr ak kirl il i7Ji, °czellikle petrol rafine
faaliyetlerden kagwywakbahamso? oemloil abak ©°ne -
|l rakoén kuzeyinde yer alan Erbil édin Khabat b
ve toplam petrol hi drokarbonl arée (TPH) czer
°rnekl erihj dtokbhubok, seviyel eri ve Kurkun (Pl
gi bi el ementlerin yané séra dijer bazé ajeéer |
indeksi (lgeo), d¢kegk i 1le orta d¢egzeydek kont a
indeks dejeri S22 b°lgesinde Berilyum i-in Kk
mg/ kg arasénda dejikmekte ol up, en y¢sksek d
analizi, TPH seviyelerinin Bor m#eis8regatifl yum |
Pl kkio ol dujunu g°%°stermiktir. El ektri ksel
kal mék, en y¢s¢ksek okuma ise rafineri yakéneén
(CSQlI') 59,59 ile 70, 5 taar ads¢&zred/ad ed &jiirdaen idee «
edilen sonu-1lar, ©°zellikle end¢striyel faald.
toprak y°netimi gereklilijine dikkat -ekmekt
Anahtar Kelimeler: Toprak kirliliji, ajér metaller, pe

indeksi, Erbil rafinerisi

1. GKRKKk
Toprak kirliliji, insan faaliyetl er:i topr a

dejiktirerek verimlilsgna wedervoledwejlundckd ewr
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2018) . End¢gstrivyel emi syonl ar, tarémsal Ki my
nedenl erdir. Bunl ar araseéenda, petr ol -ékarn
hi drokarbon vei a9 z2al Imekilad kkailrélcid iye =zararl éd
Duncan, 2002).

Kirleticilerin toprak kalitesi czerindeki
besin d°ng¢seéeneg ve ge-irgenli k ve mukee e met
Das, 1992, ASanad ve Ksmail, 1997) . Bu deji«kikIlik
yapésal b¢etenl ¢ é¢n bozul masé gi bi j eoteknik
alanl arda, arétél maméek atkikl dellozarak?kghk snel
hidrokarbon, ajér metal ve dijer organik bi/l
PAH' | ar , BTEX ve ajeér metal |l er gi bi kirlet
kirleticiler biyolojik olarak birikir ve karasaleleoi st eml er ve géda g¢venl |
(De Vries ve dijerleri, 202 2; Abbasian ve
araktermal ar , rafiner. sahal arénén yakéneéenda
kirl enmeyi (WNwrogul aamé Wt ¢-adhanhed,2017). 201 7; Abd

Bu arakter ma, Kuzey l rak'taki Er bil Raf i
odakl anmaktadeéer . Bl genin end¢striyel faaliy
Toprak Kalite Endeksi (CSQI) ve hikoar bon anal i zi gi bi -evrese
toprak Kirl i 117 seviyelerinin dejerl endir.i
belirl emek ve gel ecekteki izl eme ve azalt ma
¢tal @ékmanén ama-1| ar é:

1. Topraktakihido k ar bon konsantrasyonlaréeneée °1| -¢n;

2. Kz metallerin ve hidrokarbonlarén toprak

3. Bul gul aré arka plan seviyeleriyle karkél a
4. Kirlili k indekslerini kull anarak kontamin

5. Verileriyerelveu|l usl| ararasé standartlarl a karkél a

6. Genel kirlenmeyli dejerl endirmek i-in Topr
Bu -al ékma, rafineri faaliyetlerinin toprak
bir temel sa] | ainta k-teav rvee ys% mredtgirmil eib-iiln i - g°r ¢

NO
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2. GERE¢ ve Y¥NTEM
2.1. ¢al éxkxma Al ane
Er bil Rafinerisi, l rak'"én Erbil Kehrinin vy
il -esinde yer al maktader GRehrénm Isoludda (Eelemg © st er
36. 31374AK, Boylam: 43.75229AD) yer alan 2,5
faaliyette olan rafineri, K¢rdistan B°l gesi'
cretim hatteéndan odl¢gukmatkt adeigazHajme pediroel |,
sévelaktéereél mék petrol gazéena d°n¢kKteer ér Bu
tankerler veya boru hatlaré aracéel éjéyla daj
43%40'0° % 43“4‘4‘0'5 R 43‘45:20‘8 43‘461'40'5 43'480°E 43°49°20°E 43°5040°E
z (2 N
& =
21 Al
3 &
8
£ z
r o
5 8
=
8 z
g o
s Lo
8 8
7
3| g
: E
= MY
o 2
Legend
=
&] CZ3 Boundary Z
o *  Sites : Km e
ol =0 1 2 “ 6 8:9
A3°400E  43°4120°E  43°4240°E  A3°440E  43°4520°E  43°46W0°E  43°4BO'E  43°4920°E  A3°5040°E
G°rsel 1. ¢al ekxma alané ve °rnekl el
22Toprak ¥rnekl|l emesi ve Ver. Topl ama
Rafinerinin toprak kalitesi czerindeki et k
-evresinden sistematik olarak 22 ‘toprak ©°r
kul | anéllbarcank dleOr i ni r Kkt @i gee-b&fFertumune | abor

NI
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bir plastik torbada sakl ande. Hassas harital
cojrafi koordinatlar kaydedil di
2. 3. Laboratuvar Analizl eri ve Cihazl are

Toprak ©°rnekplasraimetaxkdijeadakei eki pmanl ar kul |

ki myasal ©°zellikler a-éeéséndan analiz edil di
T pH ve Elektrikse&IC, Kl epkak!| itkuz(BCU] unu ve
dejerl endirmek i-in bir EC metry&mSkmul | ané

olarak rapor edildi.

T Nem K-Kwoipitoprak k¢gtlesinin yg¢gzdesi ol a
y°ntemiyle belirl-80i staBdar ASaMem& 2t1&ki p
toprak tutarl él éjénée yanseéeteéer.

T Aj ér Met ahs, GAnG,IZn z INi Pb, vV, Al , Mg ve di
yé¢ksek hassasiyet ve -0HOES8I| dmarl;kt ahalEik
Plazma Optik Emisyon Spektrometresik u |l | anél ar ak ©°1 - ¢l m¢gkt ¢r

T Toplam Petrol Hi d meHksaviydleoGaz kKaamatogfafiSifKh )t ;1 e

Spektrometresi (GGMS) il e d e.] Bur tekmik, dtopraktakid arganik
kirleticilerdi tanémlar ve miktaréeneée belir
2.4. Toprak Kalitesi ve Kirlilik Kndeksl eri

2.4.1. Toprak Kalite CICMEekSint e Qlkul | am@ll a

¢Ci zelWeprlak kalite indeksinin endike d¢gzeyl eri
Endi ke Dg¢ze SoQI'nin Kategorileri

Cok d¢kKe¢Kk 90-100

Al - ak 70-90

Orta 50-70

Yé ksek 30-50

tok y¢ksek 0-30
242. JeeBi ri kim KndBksi ndelge,o) akaj] édaki f or mg

kontaminasyonunu dejerlendirir:

NP
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3. SONUC¢LAR VE DEJERLENDKRME

3.1. Toprak kalitesi Indeksi

Er bil Rafineri si -evresindeki yi r mi K )
kimyasal® zel | i kl er a-éséndan test edil di. Tem S
kelavuzu ile karkélakteréldé. ¢al ékma al anén
jeobi ri kim indeksi ve kirlilikKfsakatt@ rsg i kiskek a tae
her bir deji kkenin sapmaseéne vV e aral areéend
korelasyonunun korelasyon katsayésé kull anél

22 °rnek sahanén CSQlI (Kontaminasyon kiddet.:|
S8, S10, S12,855 S16, S17 ve S19 b°lgelerinde d¢kyg
bu alanlarda nispeten daha d¢kegk toprak kirl
si, Ss2, Ss3, S4, S5, s6, S7, SS9, Ss11, S13, S

-0ojduan orta d¢zeyde kontaminasyon ki ddet. bul
izl eme gerektirebilecek orta d¢zeyde bir kon
Yalnezca S22'de -0k y¢ksek kontaminasyon Kid
-evealesveya sajl ek risklerini belirl emek o=
gerektirebilecek kritik bir kirlilik sécak n

N Z
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43°40'0"E 43°41'20"E 43°42'40"E 43°44'0"E 43"45“20"E 43°46'40"E ) 43"4?‘0"E 43°49'20"E 43°50'40"E
N

A

Legend

(::5 Boundary

Sites

36°20'40"N
36°2040°N

CsQl-Classes
25 30-50 (High Pollution)

‘_';f';v 51 - 70 (Medium Pollution)
25 > 70 (Low Pollution)

36°19'20"N
36°19'20"N

36°18'0°N
36°180"N

36°16'40°N
36°1640"N

Km
0 1 2 4 6 8

36°1520"N
36°1520"N

43°400°E | 43°4120"E 43°4240"E | 43°480°E | 43°4520"E | 43°46'40"E | 43°4B0"E | 43°4920"E | 43°50'40"E

G°rsel 2. Toprak Kalite Kndeksi Har
3.2. Jeabirikim Endeksi (Igeo)

Jeebi ri kim Kndeksi (lgeo), topraklardaki aj é€
olarak kull anél maktader. Erbil b°l gesinde, I
Ni kel (Ni) ve Krom (Cr) gibi el ememnklterinf Fw
dijerleri, 2009). Bu elementler, °zellikle N
ol duju i-in muhtemelen doj al k°kenlidir. | g
°rnekl erindeki aj erenmemmalk!| eirlian o-rotjau ndier, e ckeidr
girdijini ortaya koydu. Berilyum (Be), °czel
gosterdi ve bu da yerel kirlR2lopi i gestODerldi .a
deji kmekte olapprkardenmemde KIirl i ol arak sé
2008) . Bor (B)-li. 8i0nillged. @] earmlasréeinda dej i Ki |
t¢em ajér metaller 1 -in séeférén alténda dejer
&¢- nhumunenin O ile 1 arasénda Be Il geo dejer|l
kokull areée de¢kegndegr ¢yor du. Bu bul gul ar, Mal ko
-oju ajeéer metalin negatifantgropdjedrirk eet kisywil
sonu-l|larla tutarl édeéer. Genel ol ar ak, hi-Dbir

b°l genin nispeten d¢gkegk kirlilik durumunu da

NT
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Index Results

4.00 -

2.00 |

0.00 1
-2.00 +
-4.00 4
-6.00
-8.00 4
-10.00 A
-12.00 +
-14.00 -
-16.00 -
-18.00 -

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 SIS S16 S17 SIS S19 S20 Ss21 S22

Sites

Cr

s A e S, s B Ba Be we Cd wwen C0 s Cut
s MO s Nj s Py o Sb Se Th v Zn

GO r s e I-biridm (Igdog Endeksi

4. GENEL DEJERLENDKRARE VE SONUC¢

Bu -al ékma, Erbil il inin Khabat il -esi
dejerl endirmesini sajladée ve temel goster gt
Hi drokarbonl aréna (TPH) odakl and®&erilydhzBe) | i k1 e
konsantrasyonl arénda farkl éléeklar g°zlendi v
ri skl eri ol duj tbnu i & ¢ ¢ IKahgreks.i " heo (1 geo) geor
derecede ki rli araseéenamd® dejligeisy mrdceu ewne yBe&,s ek
g°steriyordu. TPH seviyeleri 11 ila 151 mg
konsantrasyon S1 b°lgesindedir. TPH, Ag ve
g°sterdi, bu da hiirdlreotkiaacibloenrl aar asrseé mtea kail kkar m
El ektriksel Kletkenlik (EC) sonu-Ilareée, ortal
eS/ cm) bir tepe dejeri il e genel ol arak dg¢kyg¢
faaliyei n et ki sinin alténé -izdi. Kanada Toprak
deji kmekt e ol up, ulusl arar asé standartl ar a
gestermektedir. Bu bul gular, ©°zel Iniikldmek sanay
ve et kildi kirlilik azaltma stratejileri uy g
i htiyacéné vurgul amaktader.

Er bil Petrol Rafineri si yakeéenéndaki topr
hi drokarbonl ar an nvedg¢diejndri loil ralreatki dizllenmesi -
m¢dahal ey sajlamak i-in test yélda birka-

NY
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iyilektirme gerekl idir. Yetkililer, endg¢stri
kirilitmfemek i-in kateé arazi kull aném d¢gzenl
s¢rder gl ebilir arazi y°neti mini dest ekl emek
kurul masé da tavsiye edil mektedir.
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¥ZET

Bu -al exkma, end¢gstriyel faaliyetl erden kayna
ol an Kuzey | Pek gtod ki RaEn mielr i s yakénéndaki
dejerl endirmektedir. Yeralté suyu kalitesini
(CwWQl) kull anél mék ve bu dejerlendir me, Ar c
enterpol asgoonl yRobuemi gh mek©nsal dajéel em har
22 yeralté suyu °rnejine ait sonu-1I1ar, su k
423992 . 14) ortaya koymuxktur. En d¢ke¢gk su kal
nokts énda, en y¢ksek su kalitesi ise S5 ve S6
Piper ve Schoell er di y agr aMgSaOrbikanbanat plarake y e r
senéfl andér él méktér . Rafiner.i y a k & aligilerd a k i b
g°sterirken, S2, S3 ve S15 gibi dijer yakeéen
bul gul ar , yer el hidrojeolojik ©°zellikler i
etkileyen temel fakt°rletdzaohdupdelbi oyteapnht kO
sajlanabil mesi i -1 n risk altendaki bel gel e
°neri |l mektedir.

Anahtar Kelimeler : Su Kal i t esi Kndeksi, Erbil, rafine
kirliliji, I1rak.

111
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1. GKRKKk
Yeraltée suyu, i-me, tarém ve end¢gstri i -in g
biridir. K¢resel negf usun s u i htiyacéneéen y a

s¢rder ¢l mesi nde - ok Katunaeidhi, Subrdmami, & ISinivasaongontteyr (L i
2021) . Kentl ekme ve sanayil exkxme geni Kkl edi k- ¢
suyu sistemleri czerindeki baské artmakta Ve

haline getirmektedir.

B¢ ke Kehir merkezl er i ve mega kentler genell
¢in'"de, Kehirlerin %60"'" éndan fazlasé ©°ncelik
2016) . Benzer Kekil de, Ameri kaaBéméee&nk %DeV
ol uktur maktadér (Gibson ve Kavanaugh, 2008) .
kirlilijinin tespit edi |l mesini ve y°netil me
belirtileri g°steren yyuw zgeeyn eslulyiuknluen saeksssiinzec,e Yz
ancak hasar zaten °nemli ol dujunda belirginl
End¢gstrivyel faaliyetl er, °czelli kle petrol e
ol ukturmaktader . Rafinerilenikhittrgkalrbondat
czere -ok sayeda kirletici cretir. Bunl ar t
ki myasénée dejiktirebilir ve hem insan sajl ¢
Rafinerilerin akikkel ePé&¢;lym&Eal ejveya®nglglun
meydana gelirse riski artereéer (Allison & Man
Son -al ékmal ar , petr ol rafineri si Il e topr e
gestermi ktir. Nematol |l ahirafda narkl e(RORB) yak
polisiklik aromati k hidrokarbon (PAH) kontar
Di k1 i (2023) , Erbil Mer kez Alt Havzasé' ndak
DRASTI C model i k ulvlea naal raanké nd e°Jneermlein doiirrdib® | ¢ my

altéenda ol dujunu bul du.

Yer el bozul maya raj men, bazeé b°l gel er mu h-
kaynakl aréna ol an wuzakl ék nedeniyle hala iy
yeratk € suyunun hidroki myasal terl erini kar akt
Kal i tesi Endeksi (CWQI') ve ArcGIl S'"teki me k a1
dajéel eme hakkénda dejerl. bil gil eim2&)nar ( Gi
Bu -al ékma, Er bil Petrol Rafineri si -evresin

ama-1l amaktadeéer :
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1. Ki myasal ve fiziksel parametrel eri kul I an
2. Mekansal ejilimleri «aypakdmsiene&€l bldmntrd min
3. Rafineri faaliyetinin akifer sajleéjé ¢zer
4. Et ki li su y°netimini ve -evre korumaseéne
Bu arakteéer ma, yeralté suyunun mgacatt dueéeumue
anl ayar ak, kuzey Ilrak ve °tesindeki su kayn

katkéda bulunmaktadeéer.

2. GERE¢ ve Y¥NTEM

2.1. ¢alexkxma Al anénén Taneémé
l rak'"én kuzeydoju b°lgesinde yerik birlatama Er bi |
yayéel éyor . Erbil Petrol Rafinerisi, Kehrin
g¢neydojuda Keg-¢k Zap Nehri arasénda yer al
enlem ve 43.7573AD boylaméntharyenrerilemakteayat
kil ometre uzakl éktader. G°rsel 1, -al ékxma al
2005 yél énda a-élan Erbil Petrol Rafinerisi,
bakéeéméndan d°rd¢mnagéeser dddhan pet r al makaft a, g
akaryakeéet, benzin ve séveéelaktérél mék petrol
eden bek ¢retim hatténdan ol ukur. Rafineri,
birrooynamakt adeér . Ham petrol creéenl eri, tanke

dajetel madan °nce b¢y¢k tankl arda depol anér
Kaynak Cojrafi Bil gi Si st emi (RGI'S) yazeéel eme

2.2. Veri n@opl ama Y?°

Su kalitesindeki ol ase dal gal anmal aré hesaba
suyu ©°rnekleri toplandé. Her numune, yeralteée
emin ol mak i-in suyun 15 dakakandlkméa®ena wvei
Bu y°ntem, dojru ve ge¢venilir su kalitesi

¥rnekl eme, farkl & topografik ortamlara daj el
genelindeki y er alstaémlséu ybui rk ogkurl ¢J na¢r néénnéén  skaajpl a d

22'ye kadar benzersiz bir numune numaraseé at

enl em ve boylam koordinatl aré kaydedildi. 36
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A ila 43.8BI8RM)9 a&r dsgmwda deji ken bu koordinat

temsi i i -in gerekliydi
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G°r d4eltal ékma al ané ve °rnekl eme nol

2.3. Analiz Edilen Parametreler ve Cihazlar
Yeral t e suyu kal i tesi nkimyadat jvee fizlkseln phiametnedek -

Ol - ¢l megkKt g Parametreler araseéenda pH, el e
-2 z¢ésenmegk kateél ar (TDS) , s¢l fat, Kkl or¢r ve t
edil en ajeéer met al | &rmagaezyars, éaryum, berilyum¢ kalsiyuma,r s e ni
manganez, kobal t, potasyum, al ¢¢mi nyum, mol i b
antimon ve vanadyum vardeée. E k ol ar ak, feka

mi krobiyolojik testler yapeéel méxkter

24CCME Su Kalitesi Kndeksi Form¢gl asyonu
Genel su kalitesini dejerl endirmek ve rapor

WQIl ) kull anél mexkteéer. - fakt°rg¢ birlextirir

111
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su kalitesi pakamémnreelged emien gy e el ebkaik ar eés é z |
derecelendirme sajlar (CCME, 2001). CCME WwQl

JF12+F22+F3?
1732

CCME WQI= 100 —

Su kalitesi bek se-tDQgyed)gCrta (6580, &arjinat @364) 1 vy i (€
ve KOG44). Bu dejerler ve a-éklamal arée ¢izel g:

¢izelge 1. CCME WQI'ye g°re su kalitesinin s

Su Kalitesi CCME WQI

o A-ékl ama
Kategorisi Dejer Aj

Su kalitesi, dojal vey
benzeyen, minimum tehd
95-100 seviyede tutulur. Bu in
tem o1 -¢e¢mlerin belirl en

karkél amasé ger e

Su kalitesi minimum tehdit veya bozulma ile korunu
80-94 Kokul l ar nadiren doj al

sapar.

Su kalitesi tipik olarak korunur, ancak zaman zamg

Orta 65-79 ri sk alténda olabilir v
ideal ya da dojal dg

Sukal i tesi d¢zenld i ol ar a

45-64 girmektedir ve kokul |l 1

seviyelerden sapm

Su kalitesi séekl ekl a ri
0-44

genell i kle ideal veya

2.5. Koruma ve Takeéma

Toplandéektan sonra numunel er, bil eki mlerinde
ortamda sakl ande. pH, TDS, EC ve sécakl ek
numunel er , numune b¢R¢iabafl aibpirkdeavmala it aike nd

P
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2. 5. CBS ile Su Kalitesi Kndeksi Harital a
Su kalitesi, enterpolasyon i-in Ters Mesafe
kull anél ar ak gersellextirildi. Bu y°nt em,
parametrelerinimhar i t al andér él maséné sajlayarak, y ¢ k s
sahip b°lgelerin belirlenmesine yardémceée ol d

3. SONUC¢LAR VE DEJERLENDKRME

Erbil Petrol Rafineri si -evresindebpl gnmex Vv
fiziksel, kimyasal, bakteriyolojik ve ajér me
y°nergesi 2001 taraféndan °nerilen i -me suyu

suyu kal it es iKanada sutkalitesiandeksi (GCWQH i | e n

3. 1. CCME sonu-1are:
Cexki tli siteler i1i-in su kalitesi i ndeksi ( C!
Endeksi "ne (CCME WQI) g°re kategorize edil mi

3.1.1. Kot ¢SISu Xlall,i t®k2 :ve S13 b°lgel eri
séneéeflandérél mékter. Site S1'in CWQI'"si 41.3

g°steriyor. Site S11, 44.33'1 ¢k bir CWQI ile
43.75ve4 1. 73" e sahipti, her i ki si de d¢gkek su k
kirlilik seviyelerine veya tehlikeye ateél mécx
3.1.2. KyBiBuhuaKabkitesi 80 il a 100leigisuas &nda
kalitesi gesterdi. S2 (87.81), S3 (91.94) ,

(80.65), S10 (91.91), S15 (82.70), S18 (82.4

aral eja girmiktir ve hulsi tsaulyear isma hg epn eoll Idiul§ lue

kalitesi standartlarénén -ojunu veya tamamén
3.1.3. Orta Su Kalitesi:Orta su kalitesine sahip alanlar S4, S14, S16, S19 ve S22 idi

ve CWQI "Il er séraseyl a 7724 dii Bu sdhalar kr@ik kirlitk9 . 4 7 ,

seviyel eri sergil emese de, su kaliteleri er

kalitesinde ara séra bozul ma veya dal gal anma
3.1.4. Marjinal Su Kalitesi: CWQI'si 56.84 olan Site S17, "Man nal " al t e

kategorize edil di. Bu, sitenin su kalitesini

y°nergel erini karkél amada bakaréesézl ékl ar ol

111
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-in genel ortal ama OWQtalama" Adi |’
ol ar ak, tem sahal ardaki su kalitesinin bir
kirlenmedijini g°steriyor.

3.2. Kanada K-me Ama-1¢é& Su Kalitesi Kndek
T¢m sahal ardaki ortal ama Kdaejadaral 6rui ,Kadritt @ shi
i kKaret etti cCwQl 42.39 ile 92.14 arasénda d
arasénda yer al maktadér (G°rsel 2) . Rafiner.i
S20, S21) iyi rkafliiner ig%stdeaha kgakén ol anl at
muht emel en ar étél mamék su, kent sel atéek ve
nedeniyle bozul ma yakadeée (Ol owe ve dijerleri
bulgular, Ibe ve ark{ 2 01 9) , Addi si e (2022) ve Hui ve ar
etkilemektedir (Abbasi ve Abbasi, 2012).

43°400"E 43°450"E 43°500"E

Legend N

. A
E| & s
&| B> 45-semargina B
| E— :

G°r 2elKncelenen °rnekl eme al anlaréndaki WQI |
4. GENEL DEJERLENDKRME VE SONUC¢LAR
Kuzey Irak'taki Erbil PetroRa f i neri si yakénl aréndaki yer:

| r ak

u l
kabul

vV e usl ar ar as é

edil ebi |

S u

-in r. B

T

k al

ul aneéekl

it esi standartl ar

ék, pH, EC,
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gcéevnl i séneéerl ar i -indeydi . Bul anékl ek d¢kegk
seviyel eri hafif al kalinite g°sterdi. Séj

konusunda endi kel eri arteéer éer ke desertijkeveateplams u k a
koliform bakterilerdeki bazée | okalize arteéexl
kaynakl ar éné de¢kendegr mektedir . Yeral t e suyu
gereklidir.

G¢evenldo i - me suyu sraqhidmkarddolarigibi kirtetjcileratgspitretmeke t a | |
i-in yeralteé suyunun, ©°zellikle kuyu suyunun
yapél mal edeéer . Beyek Zab Nehri " ne dokunmak g
kaynak| ardéd mane-ke Kk iktilrdrenmi Kk yeralté sul aréna
kuyul ar kapatél malée veya dejiktiril meldi ve Kk
Ek ol ar ak, su arétma altyapésé ge¢ncaenbrl enmel
d¢zenl emel erinin uygul anmaseé, gel ecekteki K |
sahanéen yakénénda bir su araktérma tesisi k
sajlayabilir.
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FARKLI DOZLARDPARBHAMUS TKNICTORKAI YAPRAJ I
KLAVELK YEM KLE BESLENEN BILDIRCINLARIN YU
¥ZELLKKLERK

Do-. Dr. T¢lay ¢KMRKN
Hat ay Mustafa Kemal l'niversitesi
tcimrin@hotmail.com ORCID ID: 0000000258684148

, Ziraa

¢cal ekma,,ryeaumur td2 nemi ndeki ana- bél dércén yen

u | avesi ile beslemenin yumurta kulu-ka
Kt eéer. Yumurtl ama d°nemindeki tiobpl am
dajetel ar ak, 5 hafta beslenmiktir. ¢
n, %0. 15 aspir ta- yaprak tozu (Aspir
ta- yaprak tozu (Asmparsa@dnyurmda, arka lsiémay
ajérl ek ortalamasé, yumurta boyu, yu
civciv aj ] t

k ri eje Aspir 1 grubunda kon
I muktur . Civcivndahngkreunp |l @amr anaér as@h @ mé i

I muktur . ¢al ékma gruplaré araséenda %85. 8
e en y¢ksek dejerler Aspir 2 grubunda, %63
e

c

<
c
3
c
5 5 5 T T oD 9 —
—
o]
(o]

en d¢kK¢k rduebjuenrdlae rolAusppifrar3klgel ékl ar ©°neml
¢ %94. 05 oranéeyla Aspir 2 grubunda belir
nemsi z bulunmuktur. Sonu- olarak °Il-¢l en pa
yaprak tozuihve edi |l mik yem ile beslenen beéel déerceé
kulu-kal ék yumurta ©°zellijine sahip olduju b

cQ —— T OT
& ——ccom

Anahtar Kelimeler: Aspi r t a- yapraj e, Bel déerceéen, ¢ ek
randémaneé

EGG-HATCHING CHARACTERI STICS OF QUAILS FED WITH DIFFERENT
DOSES OF SAFFLOWER (CARTHAMUS TINCTORIUSL.) PETAL
SUPPLEMENTED FEED

Assoc. Prof . Dr. T¢lay ¢KMRKN
Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Animigrfge

tcimrin@hotmail.com ORCID ID:0006000258684148

ABSTRACT

This study aimed to determine the effect of different doses of safflower petal powder added to
quail diets during the egg production period on-bBgtghing characteristics of broodstock
quails. Atotal of 48 female and 16 male quails during the-legtng period were evenly

oM
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distributed in four groups and fed for 5 weeks. The study groups were classified as basal feed
(Control), 0.15% safflower petal powder (Safflower 1), 0.30% safflower petal growd
(Safflower 2), and 0.45% safflower petal powder (Safflower 3) added to the basal feed. The
mean egg weight, egg length, egg width, egg shape index, and chick weight at the end of the
incubation period were significantly lower in the Safflower 1 groupmared to the control

and other safflower groups. The differences between the groups in terms of chick conversion
rate were found to be insignificant. The highest values with 85.87% hatchability and 91.30%
fertility rate were in the Safflower 2 group, thlevest values with 63.54% hatchability and
72.92% fertility rate were in the Safflower 3 group and the differences were found to be
significant. The highest output power was determined in the Safflower 2 group with a rate of
94.05%, but the differences keten the groups were found to be insignificant. As a result,
when the measured parameters were evaluated, it was determined that the eggs obtained from
quails fed with 0.30% safflower petal powder added had the best hatching egg feature.

Keywords: Safflowe petal, Quail, Output power, Hatchability, Fertility rate, Hatching yield

1. GKRKKk

Aspir (Carthamus tinctoriug. . ) Compositeae familyaséndan ©b
80100 cmbéye kadar be¢gyeyebil en, berydhe , - is-ag lél, e
sahi p, kahverengi, beyaz ve ¢zerinde koyu -
siyah) ve her dalén wucunda i-erisinde tohuml
(Kobuk ve ark., 2019). Astphaimin, -e¢&j &Iri nadea
olarak °nem takémaktadér (Nagar aj ve ar k., z
da kull anél abil me potansiyeline sahip dejerl

aspir hatl ar é 7&n3 5y dj6 ia-rearsiéjnida%ad®=] i Ki m g°ste

i -eriji bakéméndan ol duk-a zengindir - Kobuk
i-eriji ©°zellikle damar sertliji tedavisinde
olabilme kt edi r . Dak ve ark. (2023), japon bel de
toplam oksidatif durumu ©°nemli °|-¢,de azaltt
etmi kl erdir. Aspir tohumlaréndan iyeadijiévea al én
protein kaynajé olarak hayvan besl emede kul
besl eme -al ekxmal ar énda yumurt a kul u- ka °cze
rastl anél mamék ise de hayvan isjaijnee]jdaiéer v-ealy
mevcuttur. ¥rnejin yapélan bir -al éekmada, f &
k¢spesi ile beslemek yumurta ajeérl éjé ve yum
yumurta ke¢gtl esi ve kdbbwk akalve@nlCufeadat ki |2e0n2
-al exmada, farkl é d¢zeyl erde ( %0, 5, 10, 15
besl enen etlik pili-lerde abdominal yaj VYéz
°]1 - ¢de azal mexk ve epenf oronmhaunss u p a rea nkei tl reenlme mi
Hassanabadi, 2010) . Yumurta tavuklareé il e ya
% 4, %8 ve %12 d¢gzeyinde ekl enmesi yakama ¢
yumurta aj éerliéel] é,n dkecktsliensiin veet kkielke memi Kkt i r . A
kérélma direncini, %8 seviyesi kabuk kal énl é
seviyesi yumurta sarésé E vitamini i -erijJini

ON
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o ar ak, yumurta saréesénda | inoleik, ' i nol eni
pal miti k asitivennmke¢earee azmrkmgk2@1t18). Soya, meé
yajlarée |inoleik asit b akeéemeéesné alni nzcelneggii kn  aod iut)
°neml i oranda arttérabil mektedir (Yakar vV e

kalitesi mat er nal (ana-) besl enmesi aracel
yumurtanén besin maddenbnyilsiaiil ékleé kabu&i k.
pl anl anmasé gerekir (Kutlu ve kahin, 2017) .
omegab, omega3 gi bi doymamék yaj asitlerince zer
i htiyacénén karkel grema&keé ékawvenderikegygd me,i nbh a
kat ké s ajdhaenmaikatna,d €2015) . Bu -al ékma, farkl é
%0. 45) aspir ta- yaprajé tozu il avesi Il e 5
sonucunda elde edileuynmur t al arén kulu-ka °zelliklerini

2. MATERYAL VE METOT

¢al €k ma, 48 di ki, 16 erkek ol mak ¢zere 64
grupta 4 tekrar olacak kekilde 4 grup ol ar al
erkek ol acak kekilde bir gnuwpgtéa .4 ¢xal 4 kamal @ ra
rasyon ile beslenen grup (Kontrol), bazal ri
grup (Aspir.1), bazal rasyona %0.30 Aspir ta
rasyona %0.45 Asipliavdaediylagm ageupgoggAaspir 3)
Kul u-kada kull anélan yumurtalar 5 haftal ek s
gruplardan temin edilmicktir.

Kul u-ka makinaséna y¢kl enmeden C%ama&k yyumpr taa
ortalama yumurta y¢kleme ajéerl ekl aré belirle
yumurta «keki./l i ndeksini belirl emek i-in yum
yardéméyla hesaplanmextér (Al akahan ve ar k.,
Yumura boyu (mm) = 13.04938%2(Yumurta y¢kl eme
Yumurta eni (mm) = 8.015%4%¥x (Yumurta ye¢kl em
kekil i ndeksi (%) = (Yumurta eni [/ yumurta b
Bél dércén Kulu-ka s¢resi 17 ge¢é¢n olidpmi xamr ¢
Yumurtalar -ékéek b°lI mesine bireysel ol ar ak
ajérl ekl aré saptanméxktér. Bu iki yumurta afje
ajérl ek kaybé hesaplanméxkter .

Mutl ak AjérlemuKagbe,kigureurdtjaertiréegresf er aj ér
k

Baj el Aj érl e kaybée (WYemyrn(tvamuramasfygk| @ mer
yé¢kl eme ajéerl ejé) x 100

Kul u-kanén 176i nci géneé civciv -éekeke bakl
m&ki naséndan teyl eri yeter Kekil de Kurudukt
ajérleklaré belirlenmicktir. Bu ama-I|la <civci

O
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civciv -éekék ajeéerlejé saptanmékteérek Yiu-mumt é
akajedaki for mg¢gl kull anél mékter.

Civciv D°n¢gkegm Orané (%) = (¢ékan civciv ajeé
Kulu-ka sonu-I|laré dejerlendirme parametreler
civciv sayél ar ea kvaeyrétl eendifloerrmeskl,| eark akjudd anél ar
Kulu-ka randémané = (¢ékan civciv sayésée [/ N
Dol 1l ¢l ¢k oranée = (D°IlIl ¢ yumurta sayeésé [/ Mak
tekek G¢gc¢g =saieslean O°vwdigv yumurta sayésé) X
Kstatistik analizler

Deneme s¢resince elde edilen ham veriler | B
edi |l mi ktir. Yumurta °zellikleri, -ékan civeci
grupl aeleak tkéarr&l-Weays e Adav @©OnAnal i zi, farkl & ol @
karkeéel akt ér ma testi il e belirl enmicktir. Ay
kar kel akt é&Kraelemaseésnnda kKuil | anél mékt ér .

3. BULGULAR VE TARTI k MA

cal éekmadayumut aakdaoaean dék kalite ©°zelliklerdi
yé¢kl enen yumurta ajérl eje bakémendan grupl ar
1 grubunda saptanmeéexkteéer (P<O0.01). Yumurta Kk:
Aspir 1 grubunda g°zIl enmik vV e dejerl erdeki
i statisti ksel ol arak ©°neml.i ol duju belirlen
tavuju yemlerinde aspir k¢spesinin % i4, 8 v
yumurta ajeéerl éejeée, k¢t esi ve Kekil i ndeksin
k¢spesinin birlikte kullanéeldeéejé farkleé bir
gruplarénda yumurta verimi, y uanbuurkt ak aaljéenrl|egj
indeksi, sarée indeksi, Haugh Dbiri mi ve sar é
¢i zelKpd ul- kaya konulan yumurta ©°zellikleri
Gruplar Yumurta vy Yumurta boyu Yumurta eni kekil i
ajéer| éjé (mm) (mm) (%)

Kontrol 11.19a 32.12a 23.65a 73.62a

Aspir 1 10.78b 31.68b 23.26b 73.42b

Aspir 2 11.15a 32.07a 23.61a 73.59a

Aspir 3 11.32a 32.26a 23.78a 73.69a

SEM 0.047 0.051 0.045 0.023

P 0.001 0.001 0.001 0.001

&b Ayné sg¢tunidsa aftairskiliék shear follearr ak f ar kl él éj & g©° st

0)e)
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¢tal ékmada kulu-ka s¢resince yumurta ve <civece
Kul u-ka S¢resi kapsaménda civciyv d°ne¢gkem o
bakéméndan grugdglaak| @t @gkénadak °nemli ol duj u
grubu transfer yumurta ajérl ejée bakéméndan,
baj el ajerl ek kaybée bakémendan kontr ol gr ubt
kontr o | ve Aspir 2 gruplarénda Aspir 1 grubun
(P<0.01) . ¢imrin (2025), aspir ta- yaprak t
performans ©°zelliklerini dej er | endéinrémmi k%0 .rl15
aspir grubunda ol duj u, en y¢s¢ksek toplam yur
grubunda ol duj u, 417.669g ile % 0.30 aspir gr
Hatta %0. 15 aspir grubunun tkenpol gaubungndoplanr t a a ]
yumurta ajeérl éjéndan (380.63¢9g) sayésal ol ar
yumurta ¢retimini olumlu etkiledijini bil dir
¢Ci zelKpd u- ka s¢resi kapsaménda yumurta ve ci\
¥zel |l ikl er |Kontrol| Aspirl Aspir 2 Aspir 3 SEM P

Yumurta y¢lk 11.19a| 10.78b 11.15a 11.32a 0.047 0.001

ajéerl éejée (¢

Transfer yumurta 10.31a| 9.77b 9.85b 10.26a 0.046 0.001

ajéerl éje (¢

Mutl ak aj érn 0.88b 1.01b 1.30a 1.06b 0.041 0.003

14 g¢n) (9)

Baj él aj er | 7.75b 9.17b 11.47a 9.22b 0.342 0.002

14 g¢n) (%)

¢ekan civci 818a | 7.72b 8.06a 7.92ab 0.051 0.013

Civciv d°ny¢ 7373 71.26 73.11 70.04 0.604 0.129

(%)

abAyné satérda farkléeé harfler istatistiksel ol ar:
¢al ekmada kulu-ka sonu-Ilarée dejerlendirme p.
randémaneé vV e dol I ¢ ¢k oraneée bakéméndan gru
belirlenmiktir (P<0.01). Aspir 2 grubunun Kk
istatistiksel ol arak y¢ksek bulunmuktur (P<(

farkl el ekl arén istatisti kselP>00b)a09ak 0Snemain2y
Aspir 2 grubununo | du k - a- glkekiks ed¢ c¢ne sahi Yenice vedankf u s °y

(2018) , yumurta tavuju yemlerinde aspir K ¢ s
mukavemetini, %806i n kabuk ek aB éwil tég minrei, i%1erdir
ayreca artan aspir seviyesine par al el ol ar
dokosaheksaenoi k asit mi ktarénén artteéejeée, p
Yakar ve ar k. ( 26014e)j,e,s opyaanu kmévseé ra,s pyier yfaj |l ar
zengin ol duju, bu yajlarén kanatl & yemlerine
°nemli oranda arttéerdéjeé rapor edilmiktir. K
yumur t anén kalitesinin ana-1|arén besl enmesi

yumurtanén besin madde birikiminin civciv -8

-al ekxkmal arda damézl ek Dbél deér ceéen22))we braylarr v e

on
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rasyonl aréna (Kazemi ve ar k., 2013) tébbi Vo€
etkilemediji bildirilmiktir. Kanatl é& besl eme
da d°l 1l ¢ yumurtal arddin] i- é(kBxz kgusrcte nv,e earkk .l ,e na
2014) ancak d°l 1l ¢l ¢k orane, Kulu-ka randéman
ark., 2009) ifade edil micktir.
¢izel ge 3. Kulu-ka sonu-1laré dejerlendirme p
¥zellikle Kontrol Aspir1 | Aspir2| Aspir3 Pearson Chi

Square / P
Kulu-ka R 77.65a 75.58ab | 85.87a| 63.54b 12.977 / 0.005
Dol |l ¢1 ¢k 88.24a 88.37a | 91.30a| 72.92b 15.291/0.002
tekék Ggc 88.00 85.53 94.05 87.14 3.399/0.334
abAyné satérda farkl é harfler istatistiksel ol ar :

4. SONUC¢LAR

¢tal @ékma sonunda °I -¢l en parametreler dejerle
yé¢kl enen yumurtalar arasénda en d¢gke¢gk yumur
Dol ayésé ile yumurta kalite ©°zelirlligubueda i b ak
gzl enmi ktir. Aspir 3 grubu transfer yumurt :
mutl ak ajeéerl ek kaybe ve bajeéel ajeéerl éek kaybe
Kontrol ve Aspir 2 grumplpugksdh okdajnuchbeli vl
far k!l é dozlI|l ar da aspir il avesi civeciyv d°ng¢ K,
randémaneé, del |l ¢l ¢k orané ve -ékéek g¢ce Asp
%0. 30 aspir t a- y a pyreanjl ée tboezsu enkave éédiélr mék
yumurtalarén en iyl kulu-ka yumurta °zelli]j
kull anél abil ecej i s°ylenebilir. Ayréca kul u-
bu al andaki eapalomaki kageéjpl adgke¢egnel mektedir .
ya da t a- yaprajénéen yumurta kulu-ka ©°zell.i
ayrenteleée -alékmalara ihtiya- olduju kanésén
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G! NEYDOJU ANADOLU B¥LGESKNDE YAPI LMl k ETNOB
MAKALELER VE YAYI NLAR | ZERKNE DEJERLENDK
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h NY Iy N1aS]7 aNKSYRA&AZ
Har r an | raslannetmet44@@ngilicgninttps://orcid.org/00000023840-5818

¥ZET

2000 vyeléendan sonra ¢n vers telerde etnobot

¢l kem zdek b tk taksonlarénén kull aném y©°n
ve hakkéenda b I g | er verm Kl erd sr.ndu y-ampléd k
etnobotan Kk al anénda yapeéel méecxk makal e vV e

dejerl end rmekt r. Yapmék ol dujumuz der | emel
yayén saptanméxteér. B°l gede yaptéed alner-eal ceaxhma |
| g g°sterd kler buna karkén etnobotan Kk
ol madejé ve bu al andak -al exkmal arén bg¢gyeék
gor ¢l megktgr . Bu -al ékmadae Ygmpelyam] et Aoladbad
makal el er n b r envanter ortaya konul muxktur
-er kler ne, hang Il 1l erde ve Kk mler tar al
dej K mler ne ve °©°n tpgdralnear -néek ayne r° nveenrl | nb kttk |

Anahtar KeEtmebetan k, G¢gneydoju Anadol u B°l

+++2SSS
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GKRKK
Etnobotan k kel mes n-" amasland aegdecek cell em:
se b tk lerle Il g |l enen b | m dal & anl aména
b tk lerle ol an I Kk | er n antc ell ery.e n Dabh a  goe
perspekt ften bakeél déj énda s e, nsanl ar én |
arasée b r alan olduju s°yleneb | r (Bal ck v
Etnobotan k" k el me s se tank kkez JD&ah5 W
Har shberger taraféndan, Abor j nl er n b tk
( Al buquerque ve ark., 2017) . Etnobotan ] n
kull anémé ol mamakla b rilyaktda smoyanl|l ar&n | b etrld
veya sadece S m ver mel er b |l e etnobotan J
Kl k-ajl ardan t baren nsanojlu b tk | erd:¢
Yaban b tk | er n éno§ agd adne rteokp | oannl aarraék kkeul ltl éarne
dojru y°neltm «kt r (As | ve kar, 1984). Yaba
ayneée zamanda baharat vV e -ecek «kekl nde t ¢k
hast al éktl arr éc yamae- | arl a da kull aneéel maktadeér
Etnobotan k, dojadan b yol o] k ol arak akt
kaynak ol arak kullanél mék (yakl akék %60) vV e

|l a-1 ar éens gred kat kédan bul unmuktur (Rey, 2018
Géengmegzde etnobotan k arakt érmal ar a-ésén
I

H nd standdeéer. ¢ ndde se geleneksel tép b
Enst t¢se¢godndek eémodoban-bkbkl abakatuwmacé, f
b tk |l er ¢zer nde -al ékmal aréna devam et mekt

2000 vyeéeléndan yayeémlanan makal el er , kong
aracel ejéeyla etnobotan k -al é&xmalhamé bdeékamt g
kull aném ama-I|larée, kullaném y°ntemler , Kk my
b Ig Il er el de ed Im kt r (Kend r ve G¢gven-

MATERYAL ve METOT

Arakt érma al anénén genel ©°zellikler
CojrafiGsyapésjeu Anadolu B°lges , T¢erk yeody
yeé¢zoel-¢gmg a-éeéséndan en keg-¢k ol anéedeéer. B°l g
yeézoel -¢egmegnegn %86 n kapsamaktadeéer. 'l ken n
b°l gedealymkt ader (Dem r, 2003) (kek | 1).
G¢neydoj ou Anadol u B°l gesi , Karacadaij VO
ayréel maktadeér . Karacadaj6én dojusunda Dicl e

bul unmaktadér .
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kekli.l G¢neydoju Anadolu B°l ges KI'l er H;
B°l genin tari hi: Vv&RAPt uBClsgteiski , © ngeemimi Kt en g ¢
Mezopotamya arasénda bajlanté kuran °nemld. b
B°l genin ar aB?®ll keelmi &zndé&méa& ar ém yapeéel anmetaopr ak|l
alanl arénén %10, 36¢ny¢, or man ve -ayer al anl

kapsamaktader
Yerye¢ze:

vV e

platolar bulunur

ked&n |hekiil |l erinin sade ol dujnu kbwva® |

Daj | aagréas
B°l gedeki
Kkl Akndeni z yajék reji mi alténda g°zI| ewml enen
up, VYa@ A@Gcakvakémdade®s. Yelléek ort a
mm arasénda dejikmektedir (¥ztg¢grk ve ar
Bi:Gkhe9gdojpessAnadol u B° |l pesk. ekredfitard @ajnal ¢

kurak ol
1200
Genel
FI or st

k

bat @éséna

Harr an, Ceyl anpénar ve
séradajlareée ¢zerinde yer alan Nemr
°nemli dajlar arasénda Cudi Daj é,

B°l ges '"n n, Blezgeont amy amPrwoonnams @&
sokuPabusepbhrKezeaénséaméeder

Metod

Bu -al éexkmada - al ék mal aengkn TRtDezim ve DargiPark- i n G
-evrimi-i ver.i tabanl arleaapaaameéeyaragr | 200@0 mg e t
yayeénl anmek, ul usal ve uUulusl ararase dergiler
ile ilgili te¢gm makaleler incelenmik ve -al éex

El de edilen veril er vbeulYay éanrl akréds neenkdlai nidMe
verilmik ol up, tabl ol ar halinde de kronol o]
verilerin analizi ve karkél akteéermal areé yapéel

nM


http://tr.wikipedia.org/wiki/Bozk%C4%B1r_(co%C4%9Frafya)

\ LONFEREY,
&) “,

&

ACADE,
My 0
ETT

ERZURUM 1ST

I NTERNATI ONAL

CONFEREBOBKON APPLI

May-19, -ERZIRUM
P | SBN HIrRG 2359 623
¥neriler késménda i se yeterinkiel mir@atitre.r ma
BULGUL AR
¢al ekxkma kapsaménda yapélan dejerlendir me s
°czelli kle 2000 yeéeléndan g¢negmgze kadar yapeél
28 -alékma tespit edil mpyapegkembyt énl ékmal ar én
Etnobotani k Konulu Makale ve Yayénl ar
Etnobotani k konulu ve i-erikli olup 11 gil]
sonucunda tarafémca tespit edilmik 28 makal e
yazar (|l ar) -al ékma il ve yayén yeéelé ol mak
(¢izelge 1).
¢i zelEgenolb.ot ani k K-erikli ve Kabul G°rm¢gk Mak
¢al ekxmaneén A Bulgular Yazar(lar) Yeél
Mardin Geofi (118 familya ve 28 cins v e Balosveark.
. 2022
Etnobotanik
Gaziantep Ak{Gaziantep 30 familyaya aPaIaba2022
arakt ér ma ark.
Suru- 0t abitklerim {41 familya ve ait 78 taklYal - é&n|2021
gel eneksel k1 ark.
Halfeti Meyve Yemekleri2 0 familya ve 41 bitkiyeAt-& v
- 2021
Festivali Akan
Adéyaman iliy139taksonun y°rede el sanadTelveark.
ark 2021
Mardin6de Baj37 familyaya ait 110 t ak|Eksik ve
Etnobotanik ¢ Akan 2021
Yasl éca bel d{¢al ekxmadaki bitkilerin §Aslan ve 2020
bitkileri tespit edilmiktir. ark.
kanl éur f a mel47 familyaya ait 137 t ak|Kayaveark
: 2020
etnobotanik
Tek Tek D&l ar & Mi , . T Fidan ve
etnobotanisi 44 familyaya ait 120 takson tespit edilmistir. Akan 2019
Gaziantep b{65 bitki taksonu tespit |[¥zer v
. ) 2019
etnobotanik T¢r kme
¢ermi k KI-esil146 bitki taksonun etnof¢i-cek
etnobotanik kullanéem kxekli tespit ed 2019
Mardin yabani31l familyaya ait 74 takgYexi l 2019
maddesi ol arak kull anéml
Batman ve Kozlukyabani |41 bi t ki i -in halk il ac é Bulutveark.
" : : 2019
géda bitkilel
kanl eur fa KI Aslan
Aktarlaréenda|25 familyaya ait, 44 tak 2018
bitkiler
Midyat il -esii92 bitki taksonu tespit :rlk<gg,l 2018
Nizip il-esi |20 taksonunun yabani, 7 |Bulutveark. 2017
27 takson tespit edil mick
G°l pénar mey226 takson tespit edil mi|Akan&
etraféndaki [ Ayaz 2016
etnobotanik z el | i k|
Kahta ve Narince 51 familyaya ait 113 t ak|Akan ve
o - 2015
etnobotaniiji Bakeéer
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Gaziantep il ilGaziantep akt arbitkierngespitedilds| Yi | i t
sateéelan bitki 2014
Diyar_bakér _\/127 familyaya ait, 65 takKézeéel 2014
Teketilen Bil Ton-er
Birecik y°regyl50 taks®enwmmobodjaali k a- & Akanve ark.
baklagil bitkilerin tespit edil miktir. 2013
etnobotanik
kanl éurfa el |17 familyaya ait 25 't aks|Akanveark.| 2013
Mar din zembisepetl erin nase¢él yapeéel de Akan
etnobotanik 2013
IKékI_é (¢ar__p29 familyaya ait 57 cinskéjva 2009
ve Tokdemir etnobotanisi Se- men
Kurtal an il {34t aksonun yerel i si ml er | Sayave ark. 2009
etnobotani k Ykullanémlaré ile dijer e
Arat Dajeée vel|299 taksonun 1706séneén el Akanve ark.
etnobotanik | 2008
ZeytirAtkeah.--eay 445 takson tespit edil mi|Balos& 2007
etnobotanik Akan
Sof Dajée etn¢Sof Dajée y°resindeki bajlj¥zusl u
ozellikleri Y°zellikleri vevenminhlamikt ia 2005
TARTI kMA VE SONU¢
Yapélan -al ékma sonucu makale ve yayeénl ar ¢
¢Ci zel ak &l e ve Yayeéenlarda Tespit Edilen Fami
Referans ¢al ekxma T¢al é kma | Familya | Cins Takson
Akan & Ayaz (2016) Makale kanl éur {50 165 226
Akan (2013) Makale Mardin - - 6
Akan (2015) Makale Adéeyamai|bl - 113
Akan ve ark. (2008) Makale kanl éur {- - 150
Akan ve ark. (2013) Makale kanl éur {17 - 25
Akan, ve ark. (2013) Makale kanl éur 149 193 299
Akge¢l ve ain Makale Mardin - - 92
Aslan (2018) Makale kanl éur 125 - 44
Aslan ve ark. (2020) Makale kanl éur {- - 104
At - & ve Ak dMakale kanl éur 120 - 41
Balos & Akan (2007) | Makale kanl éur 162 253 445
Balos ve ark. (2022) Makale Mardin 18 28 61
Bulut ve ark. (2019) Makale Batman - - 41
Bulut ve ark. (2017) Makale Gaziantep - - 27
¢i - ek (2014 Makale Di yar bal47 - 146
Eksik & Akan (2021) Makale Mardin 37 - 110
Fidan & Akan (2019) | Makale kanl éur {44 - 120
Kaya ve ark. (2020) Makale kanl éur {47 - 137
Kezél & T o1 Makale Di yar bal?27 - 65
¥zer & Tg¢r § Makale Gaziantep 24 - 65
E’Zgzlz)abaK & LMakale Gaziantep 30 - 58
Saya ve ark. (2009) Makale Siirt - - 34
kéejva & Se-Makale Gaziantep 29 57 60
Tel ve ark. (2021) Makale Adéeyamal|?25 - 39
Yal - én ve 4§Makale kanl éur {141 - 78
Yekil v e a I Makale Mardin 31 - 74
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Springer International Publishing, Switzerland, 2017.
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I nternat é@®H)al312D0,2018.n a |

Aslan, S.,Akan, H.,& Pek me z, H. , Yasl|l éca bel desi vek Ar é k?©° k
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Et nobot ani k A - é d aJdournab eof ehe | lastitdté rof |Soiensei and
Technolagy, 11(4), 25372548, 2021.
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on the mantises of Anatolidournal of Orthoptera Research, 408L, 1997.

Davis, P., Flora of Turkey and East Aegean Islands. Edinburg:-9dlidiversityPress, 1968 985.
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Eri k, S. , & Tarékahya Ha&ebj & 8004. B. |, Te¢rkiye flor
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| SI NMADA HFOAIMER KULLANI MI NI N AMAT¥R FUTBOLC
ESNEKLKK VE MAKSKMAL KUVVET | ZERKNE ET

Do-. Dr. Yakup AKTAK
Beden ej t m ve Spor Y¢ksekokul u, Harr an

ORCI Dht ODps:// o0o-006@al.Ax23 0000

E maalkiupaktas@harran. edu. tr

Muhammed Em n BALC
Gen- | k ve Spor KI M¢ederl ¢7 ¢, kanl et

ORCI| D httpbsb/orcid.org/000@001-63643896

E manulh:ammed. balc @gsb.gov. tr

¥zeBu -al éxkmanén amacé, amat°r futbolcularda
kull anéménén esnekl k ve maks mal kuvvet par
¢tal ékmaya, S¢per AmatOor L g ' de m¢gcadel e edel

takéménda akt f olarak yer alan 23 sajl ékl e
5,89 ¢cm, k lo: 70,96 N 9,54 kglsabpakal [d2 nema
m¢sabakadan 48 saat d nlenme sonrhseéeHatt g:- f
dak ka koku ve 10 dak ka d 2nanH&f teaske nkma ksonu
dak ka d nam k ésénma veé 8sdmkaska 3f.loapanilrteal:| &

dak ka koku, 10 dak ka d nam k ésénma ve 8
°l -¢mler al éende. Fetrbal ¢wlsdr §n as kell sk - atmu
(gonyometre),-o3k0 tmkgamrdte wvwwmaks mal kuvvet t o
Stat st ¢cs 26.0 progr ame |l e anal z ed 1d

Sm rnov test |l e dejerlend r Im K ve nor mal
ANOVEA St uygul andé. Anl aml e fark bulunan pa
karkeéel akt érmal ar yapeéel de. Anl aml el ék d¢gzey
¢al ekxkmaya kateéelan futbolcularén éséywmag%eeas
baze esnekl k parametreler czer nde anl aml
kull anéménén, kIl as k ¢&seé&nmaya skiée ynadsel a sfnuetkb o Ik
d¢zey nde gonyometr e | e spg0d,s08 d¢ zze ye snndeek |
olarak anlamlé farklar tesp t ed | d . Ancak,
d key seé-rama, 30 m s¢rat saj ve sol quadr
stat st ksel otl easrpa kt aend almhedd f a(rpk> 08,1 08K) . Son
foam roll er kull anéménén futbolcularda esne

ortaya koymuktur.

no
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Anaht ar KEed n enell ek, Fut bol , Foam Roll er, | s én
1. GKRKKk

Futbolanké d jer branklarda ol duju g b k
kull anel déjé ve her b r ©°zell J n performans
°nces ésénmal ar én perfor manseé olumlu vya d
sgeée¢l megkt ¢r. Egzers z °nces €ésénma perfor man

yapél madan L%erce Cyagp.alr&r. ,( 2018

Farkl é& t¢r branklar da b r-ok ésénma - ek
m yofgaesvikdt me y°ntem ( MGY) ol arak b | nme k
egzers z °nces ésénma y°ntem ol arak kull an
y°ntem ol arak da kull anél méxkteér ( Reman, R.
m yofas al gevketme y°ntem ( MGY) l e é€sénm

performans d¢zeyl er nde daha fazl a kazanén
b I d rMdaonDxna2rdd,3)G. M yofas al gevkettmarern b

ancak son yéllarda en yaygén kWwlllkan e lJan, ya°rnkt.
Bu y°ntem sayes nde sporcul ar kend vegeocut aj
kal f kasl ar é, gl ut eall a&krasd alr , lmgwWauk tkoad eve vie
b°l gel er dah | nde kasl arén or go ve nsert

czer nde sareéelé olan fas aya baské uygul ama
2011). Ayrékanbmakm obpbmheEé, ekol ayl ejé ve zama
pop¢l er b r uyguWwWaaenae lhtad v)n,e Tg.e,l m2 K19 r (

Foam roll er yoluyla ger-eklext r | d J d
( SMR) , ekl em hareketaaséral gPael ROMpopel art b1
hal ne Bedooxk, )C.( AAc,ak2®Beh m ve d jJerler (2
kend ne m yofas al salénéemo ter m n n foam r
°ne s¢rdyg. Be h(n2 Ovle9 )d yjaekrélnert ar hl b r ncel
artterdejéené ve sertl J azalttéejéené ancak
mekan zmaséndan kaynakl anmadéj éné bel rtm Kkt
s | rhaeéerd r. Fas ada masaj benzer b r etk y
veya kuvvettletachckl et Ra s aOklads| ar é -evreler
daha yumuk atkhemalheangelS. ). WSMRadokikd, nji2al0elr® f oam r
arterl erdek d |atasyonu artterdejée, sertl J
arttérdéjée ve damar pl asG@hesattheasm,n S) .yW.| Feoatmkr.
roll er n ajrmrédyakazalassty@n@ma, vk Hamstr ng/ Qu
ROMO u y lext rd J ne, koord nasyonu y | ekt
basén- ex J n a zQad vt a négj uegnha, M).a nTe. |, maakrtka d, & r2 O(1 °

Genel ol arbh&ar bttoaml eemher n (FR) hem egz
sonrasé performans ve y | ekmeChegzmdarhamde Sal,u
2020 Ancak t trek ml foam roller (TFR)O6e Ve

kanettléakrmatla&erdér ve bu y°ntem hakkénda hal a |

P M
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°ncek n®rof zyol o] k a-éklamalar g°z °n¢ne
ol duju g°rPalrkkekt ed®.r, @rk., 2020

B r-ok spor Dbrearn kvéen dsapkor abntlr emmc® rller egze.l
ol ar ak foam roll er uygul amaséneé m yofas ya
L terat¢rde egzers z ©°nces foam roll er uygl
ve d key gemamasma ¢penf e etk s n arackteran
egzers z °nces ésénma faal yet ol arak FR
a-ékleje, s¢grat, d key sé-rama ve -ok tekrar
czeme yapeéelan -al ékmalar sénérl e sayeéedadeéer.
uygul amasé l e klas k d nam k germe uygul ama
ve -ok tekrarl é& maks mal kuvvetmpeed®d&r mansé

2. MATERYAL VE Y¥NTEM

Arakt érma Grubu

Bu -al ékmaya S¢per Amat°r L gbébde m¢gcadel e

futbol takéménda akt f ol ar ak21,968l467akhn BBYS.
178,5285,89c m, HK0,96N854k9g g°n¢l |l ¢ ol arak kateéel de.

TablKWatleEémr én Yacxk, Boy ve K | o Ortalamal ar e
Dej] «kkenl e X Sd

Yak (yéel) 21,86 4,67

Boy (cm) 178,52 5,89

K o (kg) |7096 9,54

¢tal ékma Tasar émé

¢al ékmaya katélan 23 futbolcuya m¢gsabaka
sonrasénéaéepmaf pribt®kol ¢ uygul ande.

1. hsafdak ka koku 10 d nam k ésénma sonraseé

2. hafdak ka koku 10 dak ka d nam k ésénma +
ol -¢mler al éndeé.

3. h5a fdtaak ka koku 10 daakk kkaa dt ntarme kk néls & nfnoaa n+

uygul amasé sonrasé °l-¢mler al éndée.
Foam Roll er
Roll ng y°ntem n n | teratg¢rdek -al ékmal

60 ve 120 san ye olarak b I d 0l mbxsh yteav FR
ed | meBebkboh, r D()G. , B 2r028eansta b rden fazl a

uygul amal ar arasénda 30 san yeFdrnhaetbhimne Ar al

PN
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Foam Roll er Uygul amaseé

Kat él émcel ar 5 dak ka koku Ve 10 dak ke
mstr ngl er, guadr sepsler ve gluteal kas|l

gul ande

Ver t:opFuwtmaol cul arén 3 farkl é& éctenmak pr o

st ), d key sé-rama, ekl em hareket a-eéekl é]

vvet testl er yapéel deée.

nek.l k ¥1 -¢mler

téel emceéel arén eernekklt kst | - ¢lmd eal e mdea.r Her ©°
allegrede. Kateéel éemcél ar esnekl k tahtaséneén
riext r r. D zler n gerg n tutar ve kal -a

e dojru wuzaneér. Esnekl k t arhétnaésné nuécnu ¢ zleer 1
ak noktaya kadar g°tg¢erer.

|l em Hareket A-ékl é&j é:

tél émcéel arén saj ve sol d z fleks yonu, k
-l dg .

z FleKatglbamcél ar y¢zesteg poz syonwoadamani
eks yona geBksend mkeksenumst éedur | at er al ep
yunca b¢yé¢k trokantere kadar, hareket kol
| - a FI eks yonu: Kat el emcél ar Sérte¢st ¢
stamsn yfdnmredks yona gelerek kal-anén fl eks 'y
mor al b¢yek trokanter, sab t kol gevdeye
né h zada femurun uzunl amaséna eksen ne p

| Ekstans yonu: Kat él emcél ar YyézZésSst g poz
stans yondan -ékmayacak kKek | de kal - aneén
numu f emor al b¢eyeéek trokanter, sab t k ol g
nd hé hezaya femurun uzunl amaséna eksen n
key Sé-rama:

tel emcél ar én, ayaklar omuz gen k|l J nde a-
k1l er Hezl & kKkek I de d zl er n b ¢k e reenk yaikkasje
zl a, yukaréya dojru sé-rar. Her ©°1 -¢mo¢ - kK
Metre S¢grat Test

téel emcél ar én s¢rat testl er 30 metre me s

manl ama s stem foHesePlyegml gkt kezl gaelkl Ml
éndéeé.

o
111
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Ma ks mal Kas Kuvvet ¥ - ¢mg .

Saj ve sol bacak quadr seps ve hamstr ng ka
maks mal kuvvet °l -¢m y°ntem kul | anmésl doén. St
ve Leg Curl ek pmanl aré kull anéel deé. Kat él ér
yardéméeyla t¢kenene kadar test uygul adeéel ar .
uygul andeé. Sporcul arén tekrarkBamwvweegreas &rkd & K
tekrar sayesé 1 maks mum tekrar ek t| kl er
Sporcul arén maks mal kuvvet ©°zell ] akaj eda
Brzyck y°ntem Maks mum kuvvet hesapl ama fo

[ 100 x y¢k8iegkgpB kK (TeéReRarv) ]

Ver Topl ama S¢rec
Her katél émce test ©°nces l g | ésénma p
ayné gg¢n - nde, sab t ortam kokull arénda ge

~

Araktérma Et ]

¢tal ekxmaya katélan t¢sgmmaspotgul @ndar ak mé Kma
formunu mzal andé. ¢al ék ma, Harran | n vers t
onayl andé (Karar No: 67, Tar h: 18.03.2024) .

Kstat st ksel Anal z .

¢al eékmada al énan ver | er ISPzSSedStlad .stVecs |
dajéel ema uygunSmjun&Kwltmegtor ovl e dejerl end r
dej kKkenl er -n Tekrarl ayan ¥l - ¢ml er ANOV/

parametrelerde Bonferronar dy,azpedItdme.l Anlkanl élk
ve p<0,05 olarak kabul ed 1| d

3. BULGUL AR

Tablo- 2farkl & | sénma Protokol¢ Sonrasé Esnek
Dejerler n n Karkélakteéereéel masé
Dej «kk Grupl aX Sd F P
Esnekl Klas k29,44 5,16
| sénma 11,560 0,00
FR* 33,76 3,71
TFR* 34,72 3,29
Saj D Klas k134,125, 4838
| sénma 3,12 0, 05*
FR 136, 36 4,08
TFR* 137,16 3,59

PO
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Kl as k132, 16 6, 43
Sol D | sénma 3,92 0,02*

FR 134,44 4,77

TFR* 136,16 3,57
Sa] KaKlas k124,126, 72

| sénma 2,59 0, 08

FR 126,526, 10

TFR 128,125, 86
Sol Ka Kl as k122,288, 80

|l sénma 2,11 0, 12

FR 125,048, 17

TFR 127,087, 84

|l sénmada FR ve TFR kull anéménéen klas k é&s

otur er K esnekl k dejerler n n araseénda £
(p<0,01). | sénmada TFR Kkul |l anéméuntébno | kelud sa r ke
ganyometr e l e °1l-¢len saj ve sol d z esnek
farklelek tesp t ed Id (p<0,05). Klas k eéese
°]l - ¢l en saj ve sol kal shaessekksé&l defj aralrar
ed | med (p>0, 05) .
Tabl é-3farklé I sénma Protokolg¢ Sonrasée D ke
Ma ks mal Kuvvet Performans Dejerler n n Karck
De] «kk Grupl a X Sd F P
D key Kl as k52,9207, 15
Sé-raml sénma 0, 36 0, 69

FR 54,44 7,18

TFR 54,44 7,33
30 m. Kl as k 4,18 0, 16

| sénma 0, 42 0, 65

FR 4,15 0,15

TFR 4, 14 0, 14
Saj Klas k33,49 3,30
Quadr | sénma 1,13 0, 32

FR 34,21 3,33

TFR 34,90 3, 31
Sol Klas k33,89 3,18
Quadr | sénma 1, 46 0, 23

FR 34,66 3,24

TFR 35,46 3, 31

PN
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Saj Kl as k34,85 3,76
Hamstr | sénma 0, 89 0, 41
FR 35,57 3,63
TFR 36,26 3,81
Sol Klas k33,71 7,45
Hamstr | sénma 1,31 0, 27
FR 35,49 4,19
TFR 36,15 4,19
Futbolcularéen klas k ésénma, FR ve TFR é&c
s¢rats,ol sagjuadr ceps ve hamstr ng maks mal k
her hang b r anl amp =20, 05 XkK.k tesp t ed | med

4. TARTI kMA VE SONUC¢

Bu -al ékmanén amacé egzers z ©°nces d na
kull anéménén esnekl k, ekl em hareket a-eéekl éj
kuvvet czer ne ol an dtek ast ¢mr dre ar ankatne rké | ersaésrel
uygul amal aréenén performans ¢(zer ne etk s n
d nam k ésénmaya ek olarak TFR wuygul amaseéné
Sé-r ama, s¢rat vevvek tekrankéemaks mal akakt
bul unmaktader.

MacDonald (2013), -alékmasénda foam roll e
a-ékleje arttéermada et k | b r y°ntem ol duju
d tekl arak foam roller y°ntem n n uygu-l anmas
uzan test sonu-laréné olumlu y°nde etk I ed ]
-alekmada egzers z ©°nces foam jrod | epgoa ytg ufl a
etk | ed J bel rt I mekted r (Bashmes)| 192D15¢
ekstans yon ROMOuU nceled kil er -al ékmal ar é
yapél mék, 1. vee@zetesz|l euyqulasgemém, FR. ve 3
FR egzers z yapél maméktér. 2. seansta kal -a
Fakat 3. testte ROM baWdbasntgedr-, sBeOul Syheask krae - Al re
(201aAmstrh ng kas b°l ges ne y°nel k foam roll
10 dak ka kadar S¢rdej éng fade etm kKt r. NV
kadar yapeélan foam roller n, ROM6d ak as&amtdax |
dej Ken daha wuzun s¢r el m¢dahal el er n ROM
Padua). 2®uU4!1l van (2013), 5 san yel k m¢dah
uygul anmauszéanne NR@Mbounda daha b¢gyng ktarrt.exkl ar ol

Egzers z ©°nces foam roller uygul amal ar én
kuvvet °1 -¢mler n foam roll er uyguBamabar én
2013 Ancak negat f etk | er mayxaeéemsleamadagolz

PP



\ LONFEREY,
&) “,

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19, -ERZIIRUM
I SBN IrG 259 &2

MCADEY
<&
&
ETT

D

mev cud tnuarm k ésénma ve foam roller uygul amal a
cret mler n n ayné ol duju ayréca foam roller
et k yarattéje ortvaeyaalkoyislomyk t2W0rl.7 ; ( BSeuh a rCah a
2017) . (Heal ey, 2014) , foam roller y°ntem n
gel K m bakéeméndan d jer ésénma protokoll er
bel rtmektexklka Napél-aan ékhkmada foam roller y
Hamstr ng/ Quard ceps kas gruplarénén kuvvet
ekl em hareket gen kI J n n foam roller y°nte

Sonwl-arak; ésénmada foam roller kull anémeéer
etk s n n olduju tesp t ed Im Kk ol up, bununl
maks mal kuvvet ve sg¢grat g b p errftoérkmasmas | paanrn
fakat stat st ksel ol arak anlamlée b r fark
r sk n azal tab | r ve performanseé arteér mada
esnekl J n °neml ol awg uels pwlrarbaka nTkA R rweynglual &t
°ner | mekted r.
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KRTKFAYA VE KONUMA BAJLI OLARAK UC¢CAKLARI N
ATMOSFERKK RADYASYON DOZLARI NI'N BUL UNM,

Ahmet Bahadeéer AKDE
Yél déz Tek n ibdhadir.akdewizarstd.yildizeeguitd0093000347685369

Dr . ¥Jr. lyesi, Yakar
Yel déz Te k nkakabul@yiidiz.eslu.ts0000@06210783556X
¥ZET
Modern yolcu u-aklaré, zaman i -inde daha yg¢k
yaket verimlilifji, g¢erelteg azaltémé ve hava

Krtifa y¢kseldi k-e kazmak trag dyais ydam uma ruud aiky @
sajl eje a-eséendan Kkr i tAnkc abki rr audnysaussry om© |diornzd ag e
tarih ve g¢nek aktivitesine bajlé olarak dej
°]l -¢m yapél masé prati k bCARI-FAaBPCARREEXPARS i | di r
gi bi bilgisayaratabbate, sramdyasyon maruziyet
-%z¢m sunmaktadér .

Bu -al exmada, y ¢ ksek irtifalarda radyasyon
kull anél an s°z konu,sguery a@xél°lmléam éwne rdioljerruil yulj
olarak dejerl endiri |l mi ktir. Yapél an -7TRaenk del akt ér
EXPACS yazél éemlar é, t ¢m kiolnkf i190 rlkamdloink vier tail fi
g°rece y¢ksek hata oranlarée g°stermixyrne. Al
dejerl endi r mMeAl eyradzeg, | eBRIEN - eki t | i al t konfi
dejerl eri a-éséndan en ger-e®Wrtamobaoaz !l &mxda e]

(H10)* 6nin hesabénda ise EXPACS vyazédegand, hem
hesaplama tutarl el éejée a-éeéséndan en ge¢venili
-eékméxktér

Anahtar Kelimeler : CARI-7 A, EXPACS, Sim¢gl asyon, Radyas
Radyasyon, U-ak, Sivil Havacél ek

P®
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1. TEMEL HAVACILIK
Wright Kar dekl er taraféndan 17 Araléek 1903 tari

génegmegze kadar havaceél ékta ve °zellikle siwv
Bakl angé-ta yalnezca birka- saniyelsurebi &dei
temel takeé haline gel miktir.

Ul usl araraseée Sivil Hav &ax0e3 & kS t¥rragteetjeiokn ¢l anl eC.

Havaal anl aré Konseyli (ACI') ve |1 CAOO6nun 28 O
verilere g°rearl®d3anygléédnec& hamial wol u yol cu

4,6 milyar ve 2024 yélénda ise 9,5 milyara u
il ginin yalnézca arttéjené dejil, ayné zama
sayésénéen ikiye katlanmaseé i-in gereken s¢re
sonra yakl akéek 15 yl&l ap,anaredmd rsd anre irsag meéaVv iy k
deKmgKt ¢r . Ayné bildirideki proj ekmilyazao nl ar a
ul akmasé beHRRlenmektedir.

Bu ejilimler dikkate aléndéjéenda, havacéel éj é
haline geldifjJi a-éekter. Havacél éejé dijer ule
biri, bi nejgpoboodujrajbBézder. Bu héz, dijer wul
bazé durumlarda onl arca kat daha fazl adeéer.
Mot or tasaréméndaki tekni k ve m¢ghendi sl i k sé
hezl ara ul akmaséndarkii yeank ébt¢ yveekr iemnmlgielliljeirddiern. bl
kal dejée varsayémeée altenda, hezéen i ki kat éna
dert katéna -ékmaséna neden ol ur. Buna kar
al éndeéej eénmdar,j it oipHtaimyaecé ve dol ayéséyla yaket
artek, temel fizik yasalaré dojrultusunda ge
dijer parametreler dejikmediji s¢rece ka-éneé
Bu enerji argtgé&senaheékaobaij alke, oyarak artan h
t¢eketim artékéna yol a- maktader . Bu s¢rteéenme
k¢-¢ltmek veya atmosferin dahal3Jli nce ol duju vy
Kal dér ma rkmgvivietiincfed endi jinde, bir hava ar a
kal déerma kuvvetinde azal maya yol a-teéeje go°r ¢
i -in daha y¢ksek héezlara veya daha al -ak i rt
Buyemi gereklili kler, havalimané tasaréemlaréénd
kadar genik kapsamlé dejikikIlikIler:i zorunl u
hacmini dol ayéeseyl a yol cu vV e kayr gdukapadiet
uygul amada seéene[dl é& bir -°z¢;m sunar .

Hava s¢rtegnmesini azal t manén dijer ve daha
u- makter . Boei ng-100 &ha@delirmlenr B7371 MAK rserisBi& Badar olan
versiyonlarénént mhebameami neaekendi jinde, 30.0
seviyelerine kadar bir arték olduju ve bu a
Tari ht e kull aneéel an, ses héeézéne akanl4dy ol cu

M
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°rnekd eirgen,d maksi mum u-uk i1rtifalaré yakl akeée
yolcu u-aklarénén yakl akéggk bir bu-uk kateéena
Ancak y¢ksek irtifalarda u-manén bazé teknik
Uu- uck pienrisnonmar uz kal dej é kozmik radyasyon |
M¢ederl ¢7 ¢ (SHGM) | nor mal kokul |l ar alténda b
maksimum yéll ek etkin doz sénéréné 6 mSv ol
belirled J i yeéll ek u-ukKk s¢resi [ i mi ti 1000 saat o
doz maruziyeti sagl[fle 6 OSv d¢zeyindedir.

At mosferde irtifa ye¢kseldik-e kozmik radyas
yé¢ksek irtiéataeklahaegabab-1aré i1 -in maruz
di kkatli bi -i mde hesaplanmasé b¢yeé¢k °nem t al
a-éséndan sajl ék risklerinin dejerlendiril me
k &ésleamal ar & vb.)[8al énmasé gereklidir.

U-aklara her wu-ukta hassas dozimetreler yer
sérasénda maruz kal énan r-8AJBPEARD venEXRPACE @Hi i r | en
-eki t i hesapl anma ayka zkéull & nal naérl émaykat yagdéénr .o IBu pr «
irtifa ve g¢nek aktivitesi gi bi bir-ok param
doz tahmini[QQyapmaktadér .

2. RADYASYON DOZ BKRKMLERK

Radyasyonun biyolojk v i yol oj i k ol mayan et kil er. uzun ¢
alanda bir-ok -aléekma ger-eklextirilmik ve
edi |l mektedir. Radyasyonun canl e dokul ar ve
amacéyl &avidam® gel i ktirilmik ve bu dojrult:u
hesaplama y°ntemleri tanémlanméxkter.

Bu -al ékma kapsaménda; | CRP 60, | Efdkt# Doz 0 3 v e

yakl akeéeml ar €k d djee ryei@dtzaknt eDo z HELR)Y aibietemel (
kavramlardan yararl anél mekter.

2. 1. Efektif Doz ve Exkdejer Doz

Radyasyonun maddeyl e etkil eki mini dejerl end
radyasyonun enerjisidir. Ancak aynée enerjiy:«
farkle etkilere yol a-abilir. 1MeVveneijiibinalfa 1 MeV
kaynaj é, ener ji ol arak exkdejer ol sal ar da,
sonu-|lara neden ol abilir . Bu EfekifDazlveE kédkel] aerré n

Dozgi bi kavraml g9[10y[&L] i kt i ri | mi Kt ir.

Ekde]j emra®dpasyon teréene gre deji kKen biyol o
tanemlanmék bir kavramder . Rjaeylhskhokhahsayesg
fakti°lrg)sojurulan dozyl®] -arpéeméyl a hesapl ané
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Hr =Dp*Q

BuradaD;: sojurul an doz, Q: kal i siewertf(Sa)ktt[PO¥[] d ¢ 1 . E
[11] [12, 13]

Efektif Doz (E)i se, farkl & organ ve dokul arén radyas
prensi bine dayaneér. dd&u ajgahéb- baghagpaehkexal:
dozu ile -arpélarak toplam etkili doz hesapl

E:ZWTXHT
T Te¢m vegcudun ekiéa] édowerydaey éenkeé nd latnan d a
topl ame 1Bl exit ol ur.

U-ak ortaménda maruz kal énan radyasyonun h
konusudur . U-ajén modeli, yolcunun fiziksel
rot asjéén ug¢neke ve manyeti k kutuplara g°re yf
farkle «kekillerde doz almaséna neden ol abil
hesaplanmaséné zorl akteéermaktadeér.

¥rnejin, cam kenaréndeal etliy 8nmét metrkl bkr byo
boyu daha wuzun ol an yol cunun b ak kéesme ca
konuml anacaktéer. Cam ve g°vde mal zemel erinin
dék kaynak sabit oy isra do K wes uinkuin yrmoalrcuwzn ukna | bde
ol mayacakt ér . Buna koltuk dg¢zeni, u-ak g°vi
parametre EkHehdi] Dode M°Bfiakmih¢ePostandart

belirl enmesi pratiekte m¢gmkegn ol mamakt ad

Bu te¢r bireysel farklarén detayl é kekil de m
radyasyonun u-ajén her nokt as &eta, nh connogjaenn ayraénr
doz aladsjag emé kabul edil miktir. Bektifbozr - evede
Ekde]j ervaDeay é me yapél mécxk vV e analizl er bu
ger-eklexktirilmiktir.

2.1.1ICRP 60 Efektif Doz

ICRP 60, Ul usl ar ar as é R &ansyosuy(latermhttonal GOmmissiannoa
Radiological Protectioni | CRP) t akraasféémm dtaafr9iOh i nde yayéml an

iyonl akt érécée radyasyonun insan sajl éjé ¢zer
rehber niteli kteanm,i rr adbdeyl agseyda md a B uk adrokkrgnmm  uy gt
boyunca t emel kayndl ol arak kull anél méxkter.
ICRP 60,Efektif Dozk avr améné tanémlar ken, farkl & organ

d¢e¢zeyl erini g%z °n¢gndoklUuanpkr h®erke rbmitstaiyre.li ak y
radyasyonun téeréene ve enerjisine bajl e ol a
kul | aln&ll iathne f dket Dul el ek@pdalliet ayl andér él meék

Akaj éda, | CRP 60 dok¢manénda yer al an:

2
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T Organ ve doku ajérl ek katsayeéelareée ile
9 Radyasyon tg¢rlerine g°re tanémlanan kalit

tablohalindes unul mukt ur .

¢i zelRgedyasyon Tg¢gre¢ne Bajl é Kalite Faktorl eri

Radyasyon Tg¢r ¢ Kalite Fakto°rg¢ (Q)

Té¢éem Foton ve Beta HI1

Protonlar (E > 2 MeV) ~5
Al fa par-acéekl ar é 20
Aj ér i1 yonl ar 20
Fisyon ¢rénl eri 20

N°tronlar (E < 10 K5

N°tronl ar -10&evVy 10 k10

N°etronlar i2MeVs 100 |20

N°etronl ar i 20BMeV 2 Mg 10

N°tronlar (E > 20 NS5

[11]
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¢ti ze2Rgedyasyon Et ki Noktaséna G°re Ajeéerl

Organ/Doku Aj érl ék Katsayése

Gonadl ar ()} remel0.20

Kéer méez&IlKgmi k 0.12

Kal én Baj ér sak |[0.12

Akcijer 0.12
Mide 0.12
Mesane 0.05
Karacijer 0.05

¥zofagus ( Yemek|0.05

Tiroid 0.05
Deri 0.01
Kemi k Y¢gzeyli 0.01

Dijer Dokul ar (|0.05

Toplam 1.00

[11]

2.1.2ICRP 103 Efektif Doz

ICRP 103 Ulusl ararasé Radyasyondan Korunma Kom
Radiological Protectiori | CRP) taraféndan 2007 yeéeléenda yze

radyasyona mar uz kal manén i nsan sajl éejeé A
hakéanmék temel referans dok¢gmanl ardan biridi
uygul amal arénda kullanélan doz dejerlendirm
sunmakt a EfektifDazélelsialpll @mal ar éna y°neli k organ/
radyasyon kakasnbhktar éntaadbamea 2kt § Q¢ r .
Akaj éda, | CRP 103'"te tanémlanmék ol an:

T Organ ve doku ilejéerl ek katsayéel ar é
T Radyasyon tg¢rleri hakg®réebelirlenen kalit

tabl o halinde sunul muktur.

2 n
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¢i z&8Rgdyasyon Tg¢reéegne Bajl é Kalite Faktorl eri
Radyasyon Tg¢r ¢ Kalite Fakto°rg¢g (Q)
T¢ém Foton ve Beta HI
Protonlar ve Y¢gkl ¢ |2
Al f a Par -acékl ar e,
20
Kyonl ar
o . . .
N°tronl ar N tron. en.erJ|AS|.n|n
s¢rekli bir ejri
[12]
¢i zedRgdyasyon Et ki Noktaséna G°re Ajeéerl ék Katsay
Doku ve Organ
Wy ZWT
Kér mézée Kemi|0.12 0.72
Baj ér sak (Ko
Mi d e, G°7J ¢s
Dokular
Gonadl ar () r (0.08 0.08
Mesane,¥ z of agus |0.04 0.16
Borusu), Kar |
Kemi k Y¢zey|001 0.04
Teker ¢k Bezl o
Toplam - 1.00
[12]

2.1.3ICRP 116 Efektif Doz
ICRP 116,

Radiological Protection | CRP)

y°nel ik
d°ng¢Keéem
a-éseéendan
| CRP 116, doz
Bu bajl amda:

yayéml anmeék
kat sayal amé avéndadyasgaman!|l ar i -
rehber[3ni tel i ]i

Ul usl ar ar a EKoeeunnR&Kdnysgoswy (mterdatiomal Commission on
taraféendan
kapsaml é

radyasyonun i
bir k el

ns e
avuzdur
n p
takémaktader .

d°n¢kem katliGCRRYEBE apéeénénsunafr &ea

2P
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T Organ ve doku ajérl ek katsayél are
1 Kalitef akt°rveer i ( Q)

T N°tronlar i-in enerjiye bajle Q dejikimin
ICRP 103ilebi r e b i .{13]§12ln € d é r

Bu nedenl e, |l CRP 116 ile il gil:i -al exmal ar
faktorl erine il i kakiani tt aebnleorljairy ei |Ibea]nr °t rkoanlliatre

bl ¢mlerd€RPuBLOBade] erl eribul dedygrealeéh etkarwéd &

2. 2. Ortam Doz Exkdej]eri (H*(10))

Ortam Doz Ekdej er (H*(10)), | CRU ve | CRP
beyekl ¢ ¢der . Bu b¢yekl ¢k, -ape 30 c¢cm ol an
y¢zeye dik eksende ve 10 mm der i nBinmklode ° | - ¢ |
/| kg olup ©°zel ol ar a[k4d] Si evert (Sv) ile ifade

3. RADYASYON DOZ HESAP PROGRAMLARI

U-uk sérasénda karkélakeéelan radyasyonun hesa
bir kKekil de a- é&kIERCARD, ISWK,JISCGARL, SIEMERT v& benzérn d a

-ok sayéeda program da i nceal-enkmilk<ay mak |An calkm.
konum, irtifa ve radyasyon kaynaj éngbi g°r e
nedenl erl e dejerlendirme dékeé bérakeéel méexkteéer.
Bu t¢r pewghaml diriyle il gildi ayréntele a-¢é€

-al ekmanén devaménda ayréca a-éklanmaméexteéer .

3.1 CARI-7A

CARI-7A, Amer i ka Birlexkik Devlietl eri FSvil e r al
Havacél ek Tép Basd Eindgea¢e geCAME) ri | mi kK bir r
programédér. Bu yazél é&m, u- uKk argregponodikantaha k ar K
(insan v¢gcudunu temsil eden sayeésal model ) k
doz dejerlerinf9 hesaplamaktadeéer.

Progr am, kull anécée araye¢ze ¢zerinden 0 ki h a\
gel en radyasyon nddkzuepugegn fanokkeé!l ekadz ve d o z
hesapl ayabil mek-tAdyal ndyc & cao ka@ynitifd ejtarin , b el
i-in yapélan sim¢glasyonlarda da 37 farkl é al
gere¢nt el eyg4di |l mektedir .

Programén ara y¢ze begyéek oranda CMD tabanl é

Bu - al &k ma cCARI-RAug rl caghréd naéen, kull anécéya farkl e
czerinden doz hesabé yapma i mk©né sunmakt adEé

PAD
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her bir T klem d°rt karakter den oil Bsistemdé z e | b
her karakter programén farkl & bir se-enejini

Kodl amarkeé b a besaplanpdeo z t betirgnekgedir. Bu karakter:

T A20 i se hleGRaPp IlanBadlearg®%r e Efekti f Doz

T 301 CRP 6006a ifpédzr e Ef ekt

T "400rsaeam Doz(HHXyefsasial énarak yapél mékter

Kkinci ,kakrual kt@enmail lanék éman@ond alrii ni

9 Alo disQ wsis5890:200MSU-NYMMIK model i nin kull anél déj
T A20 dBajhear-O6 Ne i | rhodelind 1 1

T N30 dBajhear-O6 Ne i | rhodeing 1 4

T 40 deHlPeModulateddOmodel i nin tercih edildifini

l - ¢nc¢ kddaramyetablam NO vevhardYar i, par-acékl ar én

gesterir.

T ANO harfi se-il diljadiadre, o |pa nekltognatnaodgllediel na rr e
ve atmosferdeki et kil ekimler. ayre ayré h
T AYO har fi nigsked eioynd mlra@mbeaa maéynraé | gdegljier . Bu dui
°rnejin-b2 ratkeambrom 6 proton veub6bnfekenl el
atmosferdeki etkisini ayrée ayreé dejerlend

Son karakter olad © r d ¢ nc ¢ isdcaust eomdk ri gi di ty (hesaplameet i k |
y°entemini belirler:

T A00 dejeri, bu dejerin irtifaya IoteopilH € ol a
(her y°nden exit) olarak geldijinin varsa
T A10 se-ildijinde, program ufku 900 farkl e

yapar. Bu iklemde enlem, boylam®zy2kgalbki
bulundurulur.

T A20 se-eneji, par-acéklarén izotropi k ol
a-élaréna bajlée olarak atmosferde farkl e
T A30 se-ilirse, hem 1. h elma ndde@jr2ma shbei-re nye%n
devreye girer.
T 40 ise ilk se-enek olan A00a benzer kKeki|
farkl e bir algoritma kull anarak hesapl ama
3.2. Expacs

EXPACS Japon Atom Enerjisi Aj an s éariiffany komumwel t e ki
tarih gi bi parametrelere bajl é ol ar ak i yonl ack

2T
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hesaplayabilerE x c e | hiabagheel & mdikal iyonubay ladat clamae,k i t |

par-acék t¢grlerini dejerlendirerek, doz katk
yetene] i ne s &bagleHEarthr|. & r eorgtr eagnéen - al € kashri,| menseir |
ve bulunma frekanséna g°sie°gqrafiekaal °aledd a k|
al maktadeér. Bu -al ékmaKidegpdamémoaf ceEKBARCRI | Y a
DozveOr t am Doz EKk*hegsearpil a(nmh(lla0r)e)fbla kul | anél meé k"

4. SONUCLAR

At mosferik radyasyon dozl arénén dasSAabhendir
Radyasyon Dozimetresi (RaK)pr oj e s i k a ps asnérnadtao sefl edrei ke dri d deyna
verileriesas al énméxkt ér . Topl amda251 8Eyslacalt i 2n0 1¢5z etr al
34A30' Kuwép4AnRPemBhoéer dioyatam@eén&gl bhkRamék
14:59,3BARd#b04AN2k66t di Watl ar g6lJda sonl anmécxt

Bal o
dej e
rady
amac
edi |

U- ak
n

u-ugunpoganantave irtifa bazéndai -aiymr,é a
e n diarkmhealngréede konumu ve tarihi esas al
y
I

© = 5

kol dapet méektér. Bu y°ntaggminrg dley ketru reankc
a, bayn& kelbrddeatl|l aré ve zama,eldéena g°r
i ki doz de] e%2i 0 nkianr xdéld agknt degy °e4 (@l evremif ka

D D

Q
—

én holihazeéeroddaansdtyejlu ovar gkl aid alkktad i p
k, 2hé&s &pnl armael 212, & kKmod rigdel r@ajredkrédedk & i Ir a |

I i NASA maldalze ikdtbidea rid 2 Gakdumé@&eckmi r t i f al ar
sunul muktur. Bu nedenle, dijer irtifala
s al dyPintami exitlier mel de edi |l mi ktir. Bu vy
amaceyl a, grafi Bt @&mddekanejedraimekadleg e i daj r ude
referans dejer e, k26R¢e| bié]len mbmeur ve
OrtamDozEk dej erii {iHf 1l0gl)*ranéel abilir bir grafik
kménin mevcut u-uk irtifalarénén olduk-a ¢ze
i -in yalnézca 24,6 km irtifaséna [a6)t wver.i di

al e
Kl g
i- i
say

Q
—
Q

O O >S5

4.1CARI-7A

CARI-7 A progr ameé kull aneél ar ak ger -eklexktirile
°]l -¢m sonu-|laré ve hata payeé analizl eri bu L
ayrentelé bi-imde a-éklleNalpesas@odleamar si st e mi

¢tal eékxkma kapsaménda el de edilen sonu-1I|lara ai
bl ¢mde yer al mamaktadér. Ancak karkél aktern
dort al t bakl ék alténda s umlull gmucke ua - € kBlua nbaank
sistemindeki séralamaya uygun bi-imde belir]l

2Y
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Yapeéel an hata payeée analizleri, ki farkl é& 1irt
T 2,5 km ile 25 km arasé t¢em °1-¢mler (Gene
T 10kmile25kmar asé& i ki nci dejerl endirme aral éj é
Bu i ki aral ek, ©°zell kl e d¢e¢kegk i rtifalarda ¢
ve ye¢ksek irtifalardaki mod el bakar éméné dah
Karkél aktérmal & hata payé hesyapnltaenmail air-éinnd ae |
t¢em dejerlerin mutlak hata dejerl eri hesapl
sayeéeséena b°l ¢nerek ortalama mutl ak hata el de
tablolarénda ilgiliukoatfémglanas yoh|l eamm@ink biud un
4. 1.1 Doz ¢exkitleri (2 vs 3 vs 4)
¢i z &R.§lemi 25.0 km
ICRP 103 (2) ICRP 60 (3) Ortam Doz E
(24.6 km)

%62,50464

%52,11542356

%63,70280462

¢i z 61MOe&kMT 25.0 km

ICRP 103 (2) ICRP 60 (3) Ortam Doz Ekde] e
(24,6 km)
%56,43577 %43,48663396 %63,70280462

4.1.2 Kozmik Radyasyon Modelleri (1 vs 2 vs 3 vs 4)
¢i z e7R.§lemi 25.0 km

ISO  TS15390:2004
MSU-NYMMIK (1)

Badhwar-O6 Ne i
2011 (2)

Badhwar-O6 Ne i |
2014 (3)

HP Modulated ISO
4)

%56,99363347

%61,2065757533

%61,59372884

%58,3104393733

¢ i z e81100e&kmi 25.0 km

ISO  TS15390:2004
MSU-NYMMIK (1)

Badhwar-O6 Ne i |
2011 (2)

Badhwar-O6 Ne i |
2014 (3)

HP Modulated ISO
4)

20
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%51,521135267 56,7069100733 %56,8969557333 %53,18994094

4. 1.3 S¢per Pozisyon (N vs Y)
¢i z ©OR.§lemi 25.0 km

N Y

%56,59001065 %62,6875099917

¢i z el019.6 kmi 25.0 km

N Y

%51,4681095917 %58,0301824667

4.1.4 Cutoff Rigidity (O vs 1 vs 2 vs 3 vs 4)
¢i z ell2ghekmi 25.0 km

0 1 2 3 4

%48,145291325 %51,9902467797 %71,874736020§ %71,555050533] %50,471470683!

¢i z el219.6 kmi 25.0 km

0 1 2 3 4

%37,48525475 | %47,290978670§ %66,6623341047 %66,324203033] %45,7470592542

4.2 Expacs

Expacs programératigageoneddberut heshehamal ar e
payé analizl eri akajeda sunul muktur. ¢al & Kme

yazém séneéerl aré nedeniyle bu kéeéséemda yer al m

4.2.1 Efektif Doz

¢i zelBkgret i fa Aral ekl aréna Bajl é& Hata Payl are

2.5kmi 25.0 km 10.0 kmT 25.0 km

™M
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%31,86824 %28,24151

4. 2.2 Ortam Doz Exkdejeri

¢i zellikgret i fa Aral ekl aréna Bajl é& Hata Payl are

24.6 km

%5,330393

5. GENEL DEJERLENDKRME

CARI-7A uygul amasénén alt konfig¢rasyonlaré a
y°ntemleri araséenda en dg¢Kg¢k%hlaltla dpmahya@#adé&, K ¢ Ki
lelICRP603)y°nt emi Qretranm kDoz mBEkdeé]eiise ¢k-seek araa a
oranéna sahiptir.

Koz mi k radyasyon model | er i araséendasSOanl!| aml
TS15390:2004MSU-NYMMIK (1) model i nin dijJjer modell ere g°r
crettiji g°zlemlenmiktir.

Par -acék s¢per pyapeslyaom ud eaj-ersléenrddainr mel er de i s

proton ekl eni k t tklliyanhat e lel iod che amo deljlid nmesi r
azalttejeée gor¢é¢l megktegr .

Cutoff rigidty hesapl ama y°ntemler.i arasendasabitdej er i
kabul edi | diJi ve par-agékbaféeg¢c¢ramyopmpdilk o
dejerl erini cretmi ktir.

Hata analizleri hen2,5 25,0 km (genel) hem dd0,0250km( sey i r i rti fasé)

ayreée ayré yapeéel méktR-7A' Mem s&yi rduirumdfiagda
hesapladéjée belirlenmicktir. Krtifal@akm ayr e

alteéendaki hata oran% akeneéevne %90ndtréasa@amtdaj é%50 6

gzl enmi ktir.

CARI-TAbnén farkle konfig¢rasyonlaré araseéenda
Kunl 81-N-4(%26,32)3-4-N-4 (%26,37) 3-1-Y-4 (%27,03) 3-4-Y -4 (%27,06) 3-1-N-
1 (%27,62).

Genel irtiifeae aeml|l & enldahat a3-Med(®3b,6RPANYE4I g¢r as
(%35,64),3-1-N-4 (%35,81) 3-4-N-4 (%35,85) 3-1-N-1 (%37,04)Her i ki i rti fa ar
séral amal ar farkl él ék g°sterse de, °ne -ékan

EXPACSuy gul anmarstéannd aDo zi Ek d e h &5,3Bgibbaldaurké a d ¢ k ¢ k|
seviyede kal me kfekéfDozheSaplamamgduaptieameseyhat arpay
i -in %2&h,ed4 i rtidlaariak nheés3dpl8anméexkt ér .

Literat¢rde ve bu - al@xktmard aD oz t BRyakté Dooveidrui] u - ¢
Doz Ekdejjeril erinden daha y¢ksek ol masé gen

TN
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uygul amal ar da g CTARI-ZAnbuenokiadaxreferaasriizkaek verilerle uyum
sajl ayamayan tek program ol arak ©°ne -ékméxt é

5lHat a Kaynakl ar é

Hesapl amal ar daki toplam belirsizlik; hem prc
fiziksel veril erdeki °l -¢m belirsizliklerin
Kunl &rdeksel ol - dmrmel i2rds i6z Ikintrafietanidijitalvdr5 ci v ar
el de et me s ¢ (&6 iDode kEik dled tea i ni Efekti f, Dozl a
Programlaréen kendi hesap ¢°nte&vidarii3-nidre n%7,05 %
Konum, irtifa, tarih ve saatin hassas belirlenememes{~%2). Bu hatabi | ekenl er i r
ke¢megl atif etkisi toplam dojrulujun %10006e wul
5.2 Genel Dejerl endir me

CARI-7A ve EXPACS uygul amatTAdteemrlheedidaaivieyhkhol®
ar asnauthakamlamdaenideglap €l andér ma bel irl emek m¢mkye¢gn
y°nleriyle daha iyl sonu-1I| ar Ver ségesvedadt, °©zel
irtifalardaki sapmalaveOr t am Doz Krkdejtdréi biefiemmasée vekul |
séenérl|l amaktadeéer .

Bu -al ékma kapsaménda dojrudan7 A nwyed elnamears &r
s¢perpozisyon modunda AYQ geakémepgkni2rb tkeamwr ciir
°l -¢mlerle belirgin d¢gzeyde uyumsuzluk yarat

i -eri si nedde. 0900. 0f0eleitl 8( kark | awéak fas éndan sonr a
(ajéer iyon) radywsyyannunund,erdinjeerk éryacdy a daha
dur um, n®tron ve protonlara ayréxktéreéelarak
ener jili ajér iyon Dbilekenlerini yeterince t

5.3 Sonu-

Fizi kselt deKi- ¢mee si mgl asyon tabanlée y°ntemle

y°nel ik yeni iyil ektirme yakl akéml ar éna i h
dojrul tuusukndaal,i €i nrmefvaluar si m¢gl asyon ara-1ar
seyir it i f aldairkeknadtal i k ul CARIR76AND n ld-t+d,u3t4-Ny Ivea 31-N-1
konfigg¢r gsayyorndEcéd® B8N yazeéel eménda Ortam Doz
kull anél abil eceji sonucuna varél méexkter.
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¥ZET

¢ok makinalé g¢- sistemlerinde ge-ici karar |
generat®°rlerde otomati k gerilim reg¢l ator g
koordinel i- abiekmeeknkEde sajl anmasé i -in Sekon
birlikte kKul |l anémeé s°z konusudur . Ancak b a
ol abil mektedir. Bunun daha et kil hal e geti
(TCSC) tercih edi me kt edi r . Bu -al ekxmada, -ok makina!
duruml arénda sistemin kararl & halTESChidiktemesi v
kull anél mékt ér . B u -al ékma i -1in G¢ - Sistem
Uluslar ar as é&E | Elketkrtorniikk M¢hendi sl i 7 i (I EEE) 14
-alekmaseé analiz edilmiktir. Sistemde ge-ici
SGK-TCSCobni n kull anél déj é duruml ar a Kroné ayr €
generat°rlerde otomatik gerilim reg¢latoreén
generat®°r 4 jile koordine edil mesi deé¢Kenel me
generat®°r a-ésal hezl ar é, 3 ve B8rralmarsalnér i
generat°r aktif g¢-1leri i ncel enmi ktir. El de
yoruml anmeéekt éer . El de ediTIGSnCoémomu-bliarrl i keé i cke
sistemin daha késa s¢re imeeknigsgi.ndBeunkiarr ayralneé
TCSCOnin birlikte kullanél masé ile salénémla

Anahtar Kelimeler: SGK, SGKT CS C, ge-ici kararl el ek, PSAT.
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1. GKRKK

ok makinalé g¢- sissmmseémdadeemglrori geme uant
i -erisinde kararl él €] én sajl anmasé i -1in - et
denetl eyi ci model l erinin en °nemlilerinden

gerilim reg¢l ak@rgmlo@l egke-dwer uml arénda koord
kararl él ééjén sajlanmaseé i-in ise SGK kull ané
|l iterat¢rde bir-ok -al ékma bulunmaktadeéer. Re
° nielren gerilim kontrol ¢ng¢n koordinel bir
kull anél maktader . Ceki tl i model |l erin kull anée
etkili ol maktader [1,2]. Bunun yaneér arésréaz |SEGK
duruml aréna karkeé pilot bara se-iminin uygun
bara se-im kriterlerinin belirlenmesinde SC
edi |l mektedir [3,4]. G¢ - sirsktée mf ek | querei lainm  sya
aza i ndiril mesi i -in uygul anabilir kontro
bozul mal arénén tahminlenmesi ve °1 -¢1 mesi [
kull anél maktader . Faz°or e®ls4i gmelmii mi mli emaimm ikn dla
tedbirler al énarak sistem kararl él ejéenén saj
yéll arda kull anémé heézla artan yenilenebili:
olukan kararsmean éér tdaudaml lkmal dér él masénda SGK
hem de yenilenebilir enerji kaynakl aré taraf
etkili sonu-Ilar verdii]i ger ¢l mektedir [7, 8].
dnetl eyici parametrelerinin en uygun ol ar ak

gel mesi ve ge-ici duruml ar esnasénda ol ukan
°nemli durumlardan birisidi nygheneatelkeyidei bea
i-in farklé& yaklakéemlar -I1l gili -al é@&kmal arda
G¢- sistemlerinde SGKOonin otomatik gerilim

Kekil de ger-eklektiril mesi i -1 nr &mdhdaerk TACS I i
koordinel:i bir Kekil de Kull anéménén b u - a
ama-|l anmaktadeér . Yapél an bu -al ékmada, | EEE
etkilerini azal tmak i-in SGK iGK@CSECSKubl ahel
duruml ar é ayr é ayr e det ayl éca incel enmi Kt
dejerlendiril miktir.

2. SEKONDER GERKLKM KONTROL! ( SGK)

Sekonder Gerilim Kontrolg¢ngn (SGK) senkron g
sistemlerinde meydana gelen ge-ici karar |l el i
koordinel./ bir Kekilde -alékmaseéné sajlayar
gel mesi ni ve salénémlarén s°n¢igmlleomersalndg waj
kontrol ¢nden meydana gel mektedir. Mer kezi al
gerilim reg¢lat®re¢gne bajl é i ken, k¢me kontr«
gerilim reg¢l at®r¢gne banjtireod esr asll2€eln d aS eikkoin dsee
koordine etmektedir. SGKode °nemli unsurl ar
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l'iterat¢rde farkl é teknikler Il e belirl enme
yapél arak bara ngebrairlaiynai ge°nr ed ¢tke¢skpiotl aedi | mi kKt |
yé¢k barasé pil ot bara olarak belirlenmixtir
gerilim reg¢lat®regnegn yané séra teéegrbin y°net

dekullale | mékt ér .

3. TRKST¥R KONTROLL} SERK KOMPANZAT¥R (TCSC)

Esnek AC Kletim Sistemi (FACTS) el emanl ar ér

bajl anmaktader. Kletim hattéena seri bajlanar
Bunun yaméndeémeysliasta gel ebilecek gerilim d,
sénérl|l aréné arttermak i1i-in de TCSC tercih ed

al maktadeéer .

]

——
T

AT Cr iletim hatts

Ll

r
GT 1 FLW TCR
|
|
|
|

2C
2 C

|
|

k.

. |[&———— Parametre Ayan
Kontrol Unitesi

¥

e———————o Kontrol Girigleri

G°rsel 1. TCSC devre yapéseé

G°r sel 16de ger ¢l deg ¢ gi bi TCSC seri end g k
kondansat°rler ve kontrol cnhitesinden meyda
devresinde end¢gktans gruplare tristhajtleg i kil
olarak, TCSCoénin kapasitif reaktans ifadesi
X, = als (1)

XJ[2(0- 3 sin2 B pX

Burada X kapasitif reaktansX, end ¢ kt i fa rea&tankerin tetikIlem

TCSCOlnin kontrol ¢nde hatta °1-¢len akéem ve r
girerek asl éamda kloatttréon ¢ngs egpetr - ekl ekt i r mekt e
s¢septans kontrol ¢ sajlanmaktadér [ 13, 14].
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4 . BENZETKM ¢ALI kMASI

Benzetim -al ékmasé yapeéelan | EEE 14 baraleée gg¢
£
Bus 13
= AN
—— “ Bus 14
Bus 10
a1 |
- Bus 12 I II
‘l I £
I Bus 11 Bus 09
|
N '

b= Hus 032

Gersel 2. | EESBtendi4 baral & g¢ -

PSAT programé ile olukturulan | EEE 14 bar al
numar al & baral ar generat®°r barase, kal an di ]
[ 14] . Si stemde senkr on ngoedneelrlaetrlir,l eg¢¢-e Si¢gstbhd m
model |l eri ve otomati k gerilim reg¢lat®r mode
alan kontrolg¢ ve k¢gme kontrol ¢gnden ol ukan SC
ve bara 86de berandnl|l seekbanl geméxkt ér. Si ste
2 ile 4 numaralé baralar arasénda bulunan ke
girmesi il e olukturul maktadér. KIl'k analizde
analizle i ncelenirken, i kinci analizde 3 ile 4
SGKénén ©birlikte kullanéldéejeée durumlar i nc e
se-i |l mi ktir. El de edilen sonu-1lar detayl é& bi

41Benzetim ¢Cal ékmasé Sonu-1|ar é

Kk i analiz késméendan ol ukan benzetim -al é&kKme
hezl ar &, 3 ve 8 numaral é bara gerilim profil
incelenmiktir Sins tkeurhd ea nsfd ddeedg ¢ Y@K AuMd a el de

TT
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: pSyn2
~ 025- H
: pSyn4
. 02 i
© \/\/\/\A/m
¢ 015 .
[0}
(U]
; i
o 005U .
()]

or i
-0.05 : : :

0 5 10 15 20

Zaman (s)

G°rsel -TICSCAK e senkron generat®°r aktif

1.12 T T T
VBusOS
111 I
cj VBusOB
‘//‘r\k _

3108 | 1

g

£ 106 .

8

[oe]

Y

8 1.04[ .

H

& 1.02 .

1< -

098 r r r

0 5 10 15 20

Zaman (s)

G°rsel -TEGSCil&GKNnkr on generat®°r bara geril i
3 ile G°rsel 5 arasénda sistemde SGK
(.- ve bara gerilimlerinde sal énémlarée
| dséijset edmirmu nkdaar ar | € hal e gel mesinin Dbi
°rsel 8 arasénda ise sistemde SGK ve
100 MVA g¢c¢nde TCSC bajlandeéej énda
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s¢re i-erisinde kararl e hale geldif]i gor ¢l me
aktif g¢- ve bara gerilimlerinde sal énémlar e
Si stemde sadece SGK kull aneéelrdie§giéndeuramdaolk i e
parametre senkron generat®r 26nin aktif g¢cyg
8 ger il i mi ol muktur . Sistemde SGK ve TCSCO
parametrel er.i i - er i si natae3 gerihmi oluokkn, sesterkdien e aze n p ¢
etkilenen parametre senkron generat®®°r 40¢n a

5. GENEL DEJERLENDKRME VE SONUC¢LAR

Yapélan bu -al éekmada -ok makinal e g¢- sistem
SGKveTCSCONnin etkileri I ncel enmi Ktir. Kk i far
SGKénin kull aneéel deéjfTe€Csdwmum &nallii kit eveku$SGkneé
detayl & Dbir Kekil de yorumlanmécktér .ol Hlugdea ed

senkron generat®rlerin a-eéesal hezl ar é, aktif
-al ekxma soAlWCcSWCOha ,n DGK | i kt e kull anéel déj é dur
duruma g°re daha iyi sonu-il aatre mier dk g s a g gr.é
kararl & hale gel mesi ve sal énémlarén hézl éca
her 1 ki analizde aktif g¢- ve bara gerilimle
edi | mi ktir. Beus t - asliésktmneam!| ef ankkeé SGKONnin far
yenilenebilir enerji kaynakl aré ile enerj.i |
analizlerin ger-eklextirilmesine zemin hazér
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kebekeye bajlté fal aBreaskl reonell & aesreantk® r ¢ ( ¢ BAG)

¢ciftlijinde seri k oSapkemRezosapsq3SR)smeydana gelmekeedirA |l t
SSR durumunda sistem parametrelerinde karar:

SSR olukturmuk ol duptut mdkmsuindbuouumladrea« mada

Evirici ( RTE) devresinde E Kk S°n¢ ml eme Kon
ama-|l anmexktér . ESK modelin analizlerin sabit
kull anél mékteéer. SaBi tm/rs¢ zglaar atkke zlee | 6 BA @hd a k
kompanzasy®30or &40arvee %50 ol arak belirl enmi
MATLAB-S| MULI NKO6te detayl & ol arak incelenmi«ktd.
¢BAG reaktif g¢-, MmiBAGe et BAG rD& sked r anogmeer i | i m
ol arak i ncelenmicktir. Gel eneksel model in Kku
kull anél masé ile karkeéelaktérmal ar yapél méxkt
gel i ktiril mesi g | &€ - sriisgiemden Karsar | €¢rhal e g
saléenemlarénda késa s¢rede s°negmlendiji tesp

Anahtar Kelimeler: ¢ B A G, SSR, RTE, ESK
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1. GKRKEk

Fosil vyakeét kaynakl arénén azal yemie®blvenerji evr e
kaynakl ar éna ejilim artmaktadeér. R¢zgar en
kaynakl aréndan birisidir. kebekeye bajl e r ¢z
mesafe nedeniyle seri kompanzasyon maksimum tramgferc ¢ n¢ artt ér mak,

reaktanséné azaltmak, il etim hatteéenén ger il
iyilektirmek i1 -i1in etkild@i ve ekonomi k bir yol
SSRsorunl aréné ortaya a+t@kar-mazkitnaldeénrmelsi] .i - B
-al ékmal ar yapél maktadér . kebeke bajlé ¢BAG
sonucu ortaya -ékan SSR durumunu kontr ol

geliktiril mektedir.ec¢tBAxdédan&katramaa@lké vekdg dirs
geliktirilerek farkl é& r¢zgar héze ve farkl e
kararl él éjé& ve salénémlar a-éséndan et ki I
durumunda sistem kararll € énén sajlanmasé i -in -exkitl:i

geliktiril mektedir. Dojrusal kuadrati k d¢z
dojrusall aktérma modell erinin ¢BAGOda gel i ki
sal eneml dn r hxkzlki |l de s°n¢gmlenmektedir [ 4, 5]

kontrol edebi | mek I -1n bozunumlaré heézl éca
sistemdeki i stenen performansé heéezl é bir kKek
kayan kp kontr ol model | er i gel i ktiril mektedir.
sal énéem s°n¢gmleme duruml ar é hbeazjlléeéc a¢ BAG | & & o
r¢zgar -iftlijinde seri kompanzasyon ngt ki si
sajl amada sisteme harici ol arak bajlanan Es
kull anémédér. FACTS cihazlaréndan °zellikle
Senkron Ser.i Kompanzat®©r (SSSC) ve Tmisteor
kull anéme ile sistemin héezléca kararl él éj én
-ékan salénémlaré hezld4d@.a s°n¢gmlediJi goor ¢l m
Literategr -al ékmal ar énda ger ¢l dej ¢ gi bi SSH
Yapél amal at @an farl e olarak ¢BAG tabanleée rg¢
etmek i-in kullanélacak vyaklakémlardan biri
gel i ktirilmesidir. Yapélan bu -alékmada RTE
modelni n gel i ktiril mesi ama-|l anmaktadér . Sabit
oranl arénda geliktirilen ESK model i nin k ul
parametreler czerinde dejer | enkdiirfi |gngek,t, i me ak
el ektriksel mo me nt Ve DC bara gerilimler:i

neticesinde sistemde ESK modelin kull aneél mas

Y
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2 . ¢BAG MODELLEMESK VE SSR

¢CBAG genel ol ar ak dkiekbleTkaerkauft éunsdua, k i g eEveirraitc®ir , (
Taraf endaki Evirici (RTE) bl ¢mlerinde ol ut
veril miktir.

DiKi ¢BAG < Vs
Kutusu ig

1|7 Vy
-

<
k

N

RTE KTE
G°rseéeéBAG. devre yapeéeseé

¢tBAGO¢n stator devresi dojdedaasikebskeyag¢ ba
ekipmanl aré yardéeméyla Kebekeye bajl agnmakt a
eksene g°re yapédhgmaektsahném. kil dtamm@denadé hesa

¢tBAGOdaettsen gerilim eenkl eknl dr arBeekhldamg? st
o d
Vis = Rslds -Wy gs é?yd (1)
. d
Vqs_ Rslqs +\NX ds é?yq (2)
o d
Vo = RE AW w, ot Ve (3)
. d
Vqr - R hr -(V\é W)ydr d_rJ/dr (4)
Burada; Vs, Var, Vgs, Vo, s e r -q Safogrdtongerdimleri, bs, idr, igs, ign Fq S ér as-éyl a s

rotor ksegmlyas)es,ddq s éras-egtar savewmbaraseéewl a st
rotor a- ésvalR, hseézrlgasaédy,lod odR di ren-l eridir [ 12]

kebekeye bajlé ¢BAG tabanleée r¢gzgar -iftlijin
nedeniyle SSR olayé olukmakradans BERedemumu
Bunlarfd o] al f etekmenls fvreeKkans dejerlerleridir. K
edilen dojal frekans exitliji denklem 16de g
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f=f3 %, 1)
xTopIam

burada Xc illetimhat t éna yerl exktirilen sabit ser.i Kot
XToplam, Il etim hatteénén, transformat®r¢n ve si s
End¢ksiyon ¢retim et Kkisi t emel ol arnma k2 okdaey ma
gesteril miktir.

fn_fr

= 2

3 2)

Burada,fel ektri ksel frekans dejeridir. Kl etim hz¢
¢tBAGO6daki end¢ksiyon ¢retim etkisi néfdemiéyl e
etkilemektedir. Nor mal -al ékmada, rézgar togr
kompanze edil mi Kkse, el ektrik frekanseée doj al
dur umda, negati f i karetl:] kaymaarg€eodi diemen o
yé¢ksek yapabilecektir. Bu te¢r bir ol ayéen ¢B/
et ki si il e SSR riskini ortaya -ekarmaktader

3.ESK MODELKNKN GELKKkTKRKLMESK
Yapél an bu -al ékmadgelEISKt modemesi ¢CBABO6davr es

devresinde geliktirilen ESK model G°rsel 206d
— . . 2.Derece 2. Derece -
Keri TF Geri TF DGR b
Aktif G¢- P
(kw)
G°rsel 2. RTE devresinde geliktirilen

RTE devresinde geliktirilen EAXK inmodgesl-dedegierri

kat sayésé igeriatpahafaek i lbekisgeyron |-arké&rka ngdiar
filtre kullanél méxtér. Bu filtreler 2. derec
filtre (YGF)F k-éesleand arkadssme grG ksen evirici r
g eksen evirici rotor gerilimine bajleée ol ar a
modelinde d eksen evirici rotor geriliminde
geil ktiril mesinde K katsayé 0.015, il eri transt
0. 031, ger i transfer fonksiyonunda fonksiyor

derece DGIdX eaydudy(2pf ) H24 Y), 2 . derece YGFOde i
(1+(23% 20 (2 p320f dejJerini al mexkteéer .

4 . BENZETKM ¢ALI k MASI

Y 2
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Bu -al ékmada kull anél an sistem G°rsel 36de v
100 MW

—_—
A Didi Kutusu |

Ve Hetim Hatte
RTE | —= | KTE

G°rsel 3. Kullaneélan test sistem
Kull anél an bu sistemde toplamda 66 adet r¢zg
100 MwWéder. ¢BAG -ekékéendaki gerilimler 575
transformat®°r ilBuyttkarestold mekiregmrge¢egceceg 100 |
- el déezdder. Sistemde seri kompanzasyon i -
kompanzasyon orané %30, %40 ve %50 ol arak
ol ukmaséntankémanki akler. Sistemde kondansat®©°r
ol ukmaktader . 3 faz aréza s¢resi 1 ile 1.1 s
-iftlijinde r¢zgar hézeé sabit 8 mlnobehive. ¢BA
DC bara gerilimleri sabit r¢zgar hézénda far

5. BENZETKM ¢ALI k MASI SONUC¢LARI

Bu -aléeékmada 3 farklée analiz ger-eklextirildr
ol duj u venzmsegyorkoanmpanénén %30 ol duju durum i
hezenén 8 m/s olduju ve seri kompanzasyon o
analizde de r¢zgar hézeéenén 8 m/s olduju ve s
alenemexk 3 farkl & analiz sonucunda ¢BAG akt.if
moment ve C¢BAG DC bara gerilimlerindeki dej i
G°rsel 4 ve G°rsel 6 arasénda verilmiktir.

YT
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mo me nt ve C¢BAG DC bara gerilimlerindeki dej
g°r ¢l mektedir. R¢zgar hézénén 8 m/s ol duju d
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ve %50 ol duju durumda EKS modelin oktmadegjeée, d

¢CBAG el ektriksel mo me nt ve ¢BAG DC bara ge
s¢rekl i artteje go°r¢l mektedir., RTE devresinc
sistem parametrelerindeki sal%mg&lmhek téend ihré.z | €
hezéenén 8 m/s ol duju ve ser.i kompanzasyon or
RTE devresinde geliktirilen ESK model il e
el ektri ksel moment ve C¢BAG D@rhbhar &kéegarislkirmlde
hal e geldiji g°r¢l mektedir. RTE devresinde g
analiz olurken, RTE devresinde geliktirilen
analiz ol muxktur.

6. SONUCLAR

Yapélan bu -alékmada «kKebekeye bajlée ¢BAG te¢
sonucu meydana gelen SSR ol aylaré detayl é o
ol ar ak kull anél an model Il e RTE devaesinde
yapél mékter. Sistemde r¢zgar hézé 8 m/s ol ar
% 30, % 40 ve % 50 olarak se-ilmixktir. Yap
model |l erde °zellikle % 40 ve % 5@l kampd mza &9y
artteje g°re¢l ¢rken, % 30 kompanzasyon oraneé
gor ¢l megktgr . Her é - analizde de RTE devr esi
verdiji gor ¢l megktgr . ESK tmddgl¢gi-n  kEWBIAIGa ir éelarka g
el ektriksel mo me nt ve ¢BAG DC bara gerilim
ger ¢l ¢rken, sistemin késa s¢re i-erisinde ka
il e ¢BAG tabanl é r ¢ozdgealri n- ihfetmh i Kk TEddh e BS&E RIT
geliktirilerek kullanélabil mesi ve her iki e
beraberce kull anél abil mesi zemin hazeérl|l amakt
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KURUMSAL KARBON AYAK KZKNKN HESAPLANMASI : BKR
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¥zet
Karbon ayak izi, kurum/ kurul ukl aréen gemdod¢lalyé et iol &
at mosferde ol ukturdukl ar é toplam sera gazedér .
biyo-exitlilik kaybeé, su kaynakl aréenén azal masé
et kil er, kar bon a y untta mieyddna igeimektedirt Kasbené ayak dzimio despiti,
kurum/ kurul ukl ar én -evresindeki et kil eri dejer |
pl anl amal ar y apmak vV e s¢erder gl ebilir hedefl er i
ol ukkuamar. Faaliyetler sonucunda meydana gel en e
kur umsal a-édan g°re¢neégr ol maséené sajlayar ak, bu 1
kuruml ar arasé ve sektkrlver ear dué tkéayd g1, a nkaul raurna/ K
akamasénda ol dujunu g°rmel eri i -in de vyol gesteri
hesapl anmaseé, i Kl etmel ere ekonomi k anl amdamaf ayda
noktasénda kurum/ kurulukl arén rakipleri araseéndak
i klim dejikikI1ifjJi ile i1 gildi terimler ¢zerinde dt
yer almaktadébu Rynéadakimahdaerat¢r -al ékmal ar éna
bahsedil mi ktir. Bu y°ntemler, ulusl ararase ol ar ak
1: 2018 Standardédéer. Dahaseé, hes aépldaénjaé nao-kétkal saénnadras
tercih edilen y°ntemlere dair baskénl ek anali zi
ulusl ararasé olarak ayreéelabileceji gi bi -al exmane
Anahtar Kelimeler: Kar bon Ayak Kzi, Kkl im Deji ki-k20i8k |l er i ;

Standar dé.
THE CALCULATION OF THE CORPORATE CARBON FOOTPRINT: A REVIEW OF THE LITERATURE

Abstract

The corporate carbon footprint is the total greenhouse gases atgately or indirectly in the atmosphere as

a result of all activities carried out by institu
behavioral negative effects such as climate change, loss of biodiversity, deterioration okethetrweture

and the growth of the carbon footprint, the evaluation of growth effects, making plans to reduce greenhouse
emission and achieving sustainable goals of sustainability are important steps. The emergence of the corporate
view of how the emissioformation resulting from the activities of the institution is produced and facilitated

the taking of measures. This method continues to be a guide for seeing which stage of growth chain. Besides,
the interruption of the corporate carbon footprint, theneatdc benefits of the enterprises, as well as the
isolation of air conditioning and the competitive advantage are highlighted. In this study, the terms related to
global climate change are emphasized and emission statistics of greenhouse gases inelprdsgnded. At

the same time, the calculation methods are mentioned by referring to the literature studies on this subject.
These methods are the internationally recognized Greenhouse Gas Protocol (GHG) and 1SD20D4864

®0
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Standard. Furthermore, it ig@ained which databases are used for the calculation. The relationships between
databases can be divided into national and international, as well as ehssefbistudies.

Keywords: Carbon Footprint, Climate Change, Greenhouse Gas Protocol, ISOG14048 Standard.

1. Girik

Bireylerin uzun s¢reldi t emel Il htiya-I|larénén |
°ntemlerle kontrol edil mesi gerekmektedir. K
| duju olumsuz damamhhéeabiklomesioli ailn far kl &
rtak g°revlier d¢kmektedir (¢ol ak ve T¢gr kmen
ir-ok kurum/ kurul uk, karbon salénémé sorunu
ri-he entegre eder ek g°z °ne¢ne al maya b ack
érémlarénén ger-eklexktii]i otomotiv sekt?©or g
[ bir-ok malzemenin satén ad éeésm&mieptgierr.- elKeé
uj u gi bi otomotiv sekt°r¢ de mal/ hi zmet i
il enmektedir. Bu sebeple de kendi faaliyet
syon saléenéemlar é@deékvatdpzenl ¢e@aldar t ot mak 2z
bon sal énémlaréndan soruml u ol maktader |l ar
kokull arénda dejikikliklerin meydana gel mesin
bir d°nemin baklamaséna yol a- mékteéer. Boyl el
gazl arénén °nemini vurgul amak noktasénda ar ac
karbon sal énémlaréné tespi tKkedtémme s2,0r2e2c)i.ne gi r

=

~ DO D o< W oo oK
S e I o
- T xaoc -

Kurum/ kurul ukl arén faaliyetleri sonucunda ol u
nakl iye, csretim ve s¢re-leri, t¢ketim, yenide
tem girdil eri vV e -éHdtabase bawuncear ¢ dejyeark aen
uygul anabil ecek gelikimler i-in ©°nemld.@i bir pe
karbon salénémlarénén envanterini -éeékarmak no
kaynaldlaghridnéet mesi ve bunl arée nasél hesapl ama:
ol arak ne oldujunu, dol ayleée tedari k zinciri f
kurum b¢nyesinde tutul masé veagpélkalpi lendeislimeis-ii
et mektedir. Kurum/ kurulukl ar genellikle direftk
zorunlu hem de g°n¢ll ¢ envanter -al ékmal aré i
Kkl im dejixki kIl i]Jliaket lyeorl haakakbéndeac effar kieendal ék
-%z¢l mesine y°neli k k¢gresel -apta da °neml i a
Kyoto Protokol¢, ve 2015 Paris Anl akmasé gi bi

politit kal ar én
bakl anméxkt
Johannesbu
ol anak saj

a ilikkin belirleyici sonu-1| ar ort e
er Bu geli kmelerden °ncesinde ise

rgébda yapeéelan zirveéeerni i kaneyaredhk
| amékt ér (Al ag®z vd. 2022).

1997 yeéelenda kabul edilen Kyoto Protokol ¢, ge
sal enemlaréné %5, 2 oranénda azaltmalR@Qt2ngéPhe
araseéendaki d°nemde, alté sera gazénén emisyon
Kyoto Protokol ¢6n¢gn i kinci taahhg¢t d° nemi ol a
yéel éna kadar 1990 sneewidyae | eezra Inteé | gtarsee % 1ad& ao d & «

protokole taraf ol kel er m¢zakerel er sonucundaeé
orl
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oranl arda taahh¢tlerde bulunmuxkl ardér . Kyoto
yeéréerimgjke odiurpp, Kku an itibariyle 191 ¢l ke ve A
2021).

199062012 vyeéellar e aras
Protokol ¢6n¢gn belirl
t¢ketiminin art maseé

(Kelée- ve ¥nler 2022).

[ heeidre.f | Bu déhneamda&,| ak
deniyle karbondioksit |

énda T¢rkiyedde karbondi
edi]
ne

Kkl im dejikiklijiyle m¢gcadelede bir dijer ©°nej
gekdextirilen Birlekmik Milletler KkIlim Deji.
Konferansénda kabul edi I mi ktir. Anl akmaneén (¢
%5506i ni temsil eden en az 55 déa kseanjilna noanraayké 4o |
tari hinde anlakma ye¢rerl ¢je girmi ktir. Temel
artékeéné 2AC6nin alténda tutmak ve m¢gmkegnse b
bir -aba sarf e2tdme. k t Tgr k(iiDieemi Bgy ¢ kKZOMi | | et Me
onayl anmasénén wuygun bulundujuna dair-r Kkanunu
Gazetede yayemlayarak ye¢rerl ¢je koymuxktur . Ar
yél éna kadars yroemt heafedrn ni ul usl ararasé kamuoyu
sunduju niyet edilen Ul usal Kat ké Beyaneée, y

salenemlaréné %41 oranénda azaltmayé defe2d.ef | e
Tarafl ar Konferansénda ulusl ararasé topluma d

1.1K¢sr esel | sénma

At mosferdeki gazl ar, i nsanl arén solunumunu s a
d¢ekek enerji | ve uzugezdead gmi m oayd air & éssarfénmna sear
gazl ar, sera etkisi olukturarak gezegenin ése
boyunca hézla kaybolur, bu da geceleri d¢nya
ar adsaén sécakl ek farké -ok daha b¢gyegk ol urdu
bulunmaktadér. Sera etkisini ol ueg,tmetandCh),dzak | € c
oksitleri (NOx) kl orofl orokar bonl #O) bulinhifFa&)t adér .suBuWwu
at mosferdeki yojunlujunun artmaseéeé, genel |l ikl e
gi bi verimsiz kullaném al ékkanl ékl aré sonucu
atmosferin eséegeéeythkseam&klhpadit esBuddurum i se
yé¢ksel mesine ve dol ayéséyla k¢gresel ésénmaneén
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Mezosfer GoOnes isimirmnin bir
biliimi atmosferden,
bulutlardan ve Yer'in

/yi.'lze',rinden uzaya geri Kizilgtesi s bir baluma,

yansitilir. sera gazlan ve bulutlarca emilir
Stratosfer ve yeniden salmr.  Bunun

sonucunda  yeryiizi  wve alt
atmosferisinir.
Bulutlar, su buhan v
Troposfer zeroscllerce emilme

Gelen isimimin cogu YeryOzinden uzun dalgah
yerylzinde emilir ve kizilgtesi isimm yayilir,
onu isitir.

G° r % Bdra Etkisi

12Sera Gazl ar é

D¢nya, gel en g¢nek éxkénlayvamd@yadalkaénbéarlyar
yanséyan éxkeénl ar, °zelli kle karbondioksit, m e
emi |l mektedir bu da gezegenin ésénmaséna yol a
et kisi o d e nonsefketreddei r serAat mgaz |l ar énén yojunl uju
yé¢ksel mesine neden ol maktadeéer . Génegmezde, kar
artecx, doj al sera etkisini g¢é-lendiregyuada t eh
karbon dengesi sabit kalérken modern insan f a
ve akeéeré tarém gibi aktiviteler, atmosfere b

(Yél maz 2024) .

Karbon ayak i z200@ésdpk amat aeénMmasé Kklim Deji
g°re dojrudan ses@G NArelF6ae2l arasgeadaalC@akt adeéer
ise azot oksitler (NOX), metan dEéKEé U-U®U OfF ¢
k¢kert o) odkishit KHiSIOeki kl erden ol ukmaktadér (To:

Kurum/ kurul ukl arén enerji kull anémé, su te¢gket
da dolayl é& ol arak atmosfere saldékdajerisef@O
cinsinden belirl emek, karbon ayak i1 zinin hesa
sera gazlaréna dair temel bilgiler ¢izelge 10
at mosferdeki ©°m¢rdlema kntea ddéari.r MO ge K deer] eyreir i f ac
yayma g¢ceéenegn karbondioksitinkiyle karkél akt e
sera gazeénen k¢gtlesinin ke¢gresel ésénma @ot an:
140641 : 2018 Standarde, 2025).

CObi ri mi kull anélarak t¢m sera gazlaré ortak

hesapl amal arénén karkél aktérél masé ve and akél
en tehl i kotarak belidemirken, C9az €az tehl i ke i-eren gaz ol
mi ktar a-éséndan depjerémndyonl sdeyindei COi jer

yé¢ksek ol duju i -in séral amanén tlaém é evrds.i2 0b2 1r) .

(OD3



mHFER[M.&

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APP
May-191, -ERZSJRUM
I SBN HIrRB 259 &3

¢i zell gkyoto Protokol ¢6nde baz al @&nan Se

SembollKs i m CO;exkde|lAt mosf er dek
CO Karbondioksit 1 100-300

CH, Metan 28 12.4

N.O Ni tr©°z ok265 121

HFCs | Hidroflorokarbonlar 23500 3200

PFCs |Perflorokarbonlar |<1-12400 13.4

Sk S¢l fér he{2-11100 260050000

1.3Sera Gazé Emisyon KstatistiklIler:i

2023 yele sera gazé envanteri verilerine g°re
ol an 202206ye g° rmdyot6Qe9 od ratraarka kh e5s%8, /%A nmeékt ér .
sera gazée emisyonu 2 siekernl 92M®2&&Ed 2hBA6 td4ee @iQPsteC O7

yé¢ksel miktir (T) KK, 2025). Kl gili istatistiKki
Mt CO; ogs. J— 1t CO2 &5 degeri Ton CO2 esd./kisi Ton €0, egq. i

600,0 598,
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€ Emisyon Miktarl a

T¢rkiyeddeki sektorl er bazénda yapélan emisyon an.
en b¢yéek payé enerji esrekitrmeglner aidar e .enarmpjéil akna ydre3
toplam sera gazé emisyonlarénén %73,86ini oluktur
%11,8 ile end¢gstrivyel i Kl emler ve ¢e ;W2 kIO alkéemi s
son sérada yer al méxkter.

Enerji sekt°r¢ne ait emisyonlar, 2023 yéleéenda 199
artarak 442,22 milyon tCO2e ul akméxteéer . %3&,r&L marsterké
2022 yeléna kéyasla yalnézca %0, 3 artarak 71,8 mi
crén kull anémé emisyonlaré, 1990 yeéeléna kéyasl a %
bir azalma ile 70,9 milyoh CO2e ol arak hesapl anméxteér. Son ol ar a
g°re %36,4 artmék ancak 2022 yeléna g°re %12, 2

T¢rkiyedde sekt°rlere g°re ser@arbaré g@gmieyemi sy &n
G°rsel 306tedir.

Tée¢rkiyednin karbon sal éeénémlaréndan en begyéek payeée
2023 yélenda %31,4 kadare -evrim ve enerijierial't
sekt®°r¢gnden, %12, 3 kadaré endg¢striyel i K|l eml er vV e
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sekt®°r¢nden kaynakl anméxkt ér . Toplam CH4 emisyonl a
kaynakl e ol mak ¢ z eerket °%6:,3n,d7e nk a d/@lr86 4t kraédmars ener j i
sekt®°r¢nden kaynakl anméext éer . Toplam N2O emisyonl
kaynakl e ol mak ¢zere %78, 4 kadar é tarém darké °at;amk
sektr ¢sgnden vV e %3, 5 kadar e i se end¢striyel i Kl e
Té¢rkiyedde sera gazlaré emisyon miktarlarée ¢i zel c
al maktader (T] KK, 2025).

¢i z&lTge ki yedbde Sekt°rlere G°re Sera Gazl a

1990|2022
1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023|2923~ 2023

deji Kde] i K
% %

Toplam emisyon | 228.4] 257.0| 307.0| 345,5| 406.4] 481.5 532.1| 574.1] 5602 598.9 162.2 | 6.9

Enerji 143.2] 170,0| 219 8| 247.7| 290.0| 344.3| 369.8| 406.8| 400.7| 442.2 208.8 103

End¢gstriy

i kKl eml er |231(259 266|347 (497 |603 [689 (765 |71,9 [700 |2072 |-1.4

kull anémé

Tarem 51.8 |49.0 |46.0 | 463 |47.7 |59.2 |76.4 |75.4 |71.5 |71.8 |38.4 03

At &K 103 |12.1 |145 [169 |18.1 |17.7 |17.0 | 154 |16,0 |14.1 |36.4 122

¢Ci ze8l gB¢r ki yebde Sera Gazlaré Emisyon |
1990|2020
1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 30623} i 30623} i

% %

Toplam emisyon| 228,4] 257,0| 307,0| 345,5| 406,4] 481,5| 532,1/ 574,1/ 560,2/ 598,9| 162,2 | 6,9

CO, 154 6| 184,7| 232,09 267,7/318.7/ 387,7| 4163 457 4| 4436/ 486 9| 2150 |9.8

CH. 51.3 |50.8 |51,5 |53,3 |60,1 |605 |735 |73.9 | 71,9 |66,6 |299  |-7.4

N,O 222 |21.2 (22,0 [231 |24.4 |286 |361 359 |343 |355 |599 |35

F-gazlar 04 |04 |05 |14 |32 |46 |62 |69 |104 |99 (22342 |-47

1,70%

2,30%

598,9 Mt

CO, esd.

598,9 Mt
CO, esd.

ECO2 ®mCH4 mN20 W F-gazlar

WEnerji ®Tanm  ®Endustriyel islemler ve Uriin Kullanimi~ m Atk

DI NESNNL A&8SQRS {S1G!I NISNB 31 NB { SDJ NOSH NI NPS @RS 22 2NT | DN TRESH NI

2. Literat¢rde Yer AtahéekKmabané Ayak Kzi
DY
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Karbon ayak i zi czerine yapeéelan -exitli -al e
-izelgede yer alan bilgiler arasénda il gild@ -
ait olduju yél bidlegiyeir, ad ahékmaménulyguéeémradegi e
olan karbon ayak izi hesaplama metodolojisidir.

Toplamda 20 -alékma ele alénméekteéer. Bu 20 - al
2 tanesi 2018 yeél@naan2star®€20 F@1enwpéel @na an:
yél éna, 4 tanesi 2023 yéléna ve 3 tanesi 202
sekt®r¢ne, 6 tanesi ul akém sektoorg¢gne, 2esit anes
cojrafya sekt°rg¢gne, 1 tanesi ener ji sekt®°r¢ne
aittir.

Akabinde ise il gild@ -al ekxmal ara dair kesa ©°z
sonucunda ulbhkéétnmnat yeei karkéeéseé anl at él mékt ér .
-al ekmada kull anélan hesaplama metodol ojil eri

czerine tartékeéel mekt ér .

(ONO)
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Yazarlar CPH4LtPO[4EEPOYI TAaYAh {S1d]. 1yasy
L - « ) IPCC Tiet ve
N A I' N oujladzEt | 'GPl adz ! NP
{ ® DNf f SNJ2018 . " A A A = | Kamu DEFRA
Makalesi |TI AYAY 5SESNI SYyR Metodolojisi
YdYdzYl 6 Z |NJ_(V)[,]{NN.RNN\]\Ifé OAft ANJ
M.Zaman ve A 2018 Makalesi et 1 TI A ¢SaLiA9EA (| DEFRA Annex
DNy 3| NJ o N1asd1271dz dz mNY S
a® 90 INB|,  |INIod|lvayRl k {(Stecdltd, | . :)PECIERAT'” 2
N i 1 & & 1
L ® { I NP Makalesi |[TT AYAY . StANISYY Metodolojis
bAERS mYSNI I fAa A
me . & DI I NI o A B . Ty 1Sh cel
21 REes 1|20 Makalesi ge’?ilirr?mis}i\ YRS YEND2|9EAU Konumsal analiz
Lo . PRP o[ NFoG[LALE NG TtAyRS Y[, [IPCCTierlve Tiej
| A@gStS12¢ Makalesi |! @11 TTAYAYy | S&al ' metodolojileri
N. Roukounakis, I ) The developmentofaca_rbon footpri
. I NI 6 U |model for the calculation of GH o
Valkouma, E. Giam{ 2020 . o ; . i £ I 8|Tremove
Makalesi | emissions from highways: the case
E.Gerasopoulos . .
Egnatia Odos in Greece
ao ® Y PN} o G|y NI e2tdz dZ B OPYP _| IPCC Tier1 ve Tiet
2 - 2021 Sloret P  1FNDB2Yy  FEltlS
51yYsl z { Makalesi ALYE11FHES | NYSEA metodolojileri
{ @ / 261 I NI 6G[¢S1adat 9y RN& (i NN - lIPcc Tier 1
2021 Tekstil
bd ! & 52¢€ Makalesi |[TTAYyAyYy . StANISYyY metodolojisi
| ) 1 . g
Ii t ll' ?—)||. |2 2022 ' NF 00U |9 «! a § NJ S| YI YL Enerii IPCC ve DEF¥
YIEellce &8 Makalesi |! @11 TTAYyAYy | Sa&al J Metodoloijileri
L |¢CSTANRFE TEA 4 2 :
] N
90 YPtPe |2022 M;Le(;iu CHOPYl YEEYF1EP |1 EFd :E;gdolo.;'ier
| SaLLIXFYYFEAaP «1 8 )
LabTELAGryY 9EAGAY .
L I NJ ! A .
Dob dDNE N |2022 M;:(;IeZiu YI ND2Y I & | |Etkilerifid| 9 € A :Egocdolo.isi Tier
YI NBPEFSGPNPE Y 4] )
! -9 0 = :
Tod YPNDB I 5|20/ NJ O.u . d.ZN\RdZI.\IJ Tf A Yl N\/ 28l\LDEFRA
Makalesi | Belirlenmesi Metodolojisi
IPCC Tier 1 vé 9 Cw! aSi
I N} 6G|YIND2Y &l T 2 . [IPCC ve DEF}
| - <
Pe YO {S@812022) \kalesi |9NT Ay OFy . AyEta |2 &MU Metodolojileri
L1 PG @S 9t S GNR
! NI & @ |Sivas ilinde Karayolundan Kaynaklal , ~ » | IPCC Tierl ve Tiel
A. P. Bulut 2023 \1akalesi | Karbon AyaR T AYAY . St Al the metodolojileri
ad %o .NéZOZS!NJ-éﬁ Y2yel DSycef Al asge}\[j IPCC Tierl ve Tief
Co® . SRN]J Makalesi |[TTAYAYy . StANISYyY metodolojileri
y oN1asS|eS1adnat {8141 NNy . |IPCC ve DEF}
D® [203d2y]2023) icansTezil Sab Lt F Yl aP 85 1y U | Vetodolojileri
DO 42 F 1|0t NI 6d|YdNIZYal t  YEND2Y | :/F;CCT'er'l' DTI'EeF"é
¢NN] YSyY Makalesi |[YAY&lF ClFoNR]1l &P Y o
Metodolojileri
aq’ 41'021;({"12024 I N} G| ANI hNBEYATS ({byg . |IPCC  Tr
1 o Makalesi |[DF 1P 9y @l yid SN Y | metodolojisi
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Belirlenmesi
« . < |YlI ND 2 Nt TT A .
TYyOSt SyYSaa
e xalal RSYOAT A sial .
S. Sandallar 2024, N1 2511 s 51 TRt EMaden pee doloj;'ier
i e3dzf I YIf | NP
21.Li terat¢r Taramasé Baskeéenl ek Anali zi
¢izel ge 40t e yer al an 20 -al ékma, -al ékmada
keyasl|l anm&wtyars | vaenai, | ¢iilziel ge 56de ve ¢izel ge 606de
¢i ze&l gkkar kél akt @érma Matri si
DEFRA|IPCC Tierl | IPCC Tier2 | IPCC Tier3 | NGA 2014
DEFRA 2
IPCC Tierl 1 1
IPCC Tier2 5
IPCC Tier3 5 5
NGA 2014
¢i zebllgga ¢nl ¢k Matri si
DEFRA|IPCC Tierl | IPCC Tier2|IPCC Tier3 | NGA 2014
DEFRA
IPCC Tierl X X X
IPCC Tier2 X
IPCC Tier3
NGA 2014 X
¢izelge 506de -al éxkmalarda hangi y?° nbilgdemianaliZzhangi vy
yer al maktadeér. Kl k ol ar akl DradtRAd omed joidsoil nodjeins i gt
-al ekxma sayeésél 2mdtkedagl oljPGA nliinerDEFRA met odol oj i
sayeéeseée 1 ol ar ak t essptignl edki |md tkrtii sri.n dB® D Bl & gkkl éenl
gel mektedir. Bu sonu-, DEFRA® nén wul usal emi syo
ul us al bazda ol maseé ol dr amletad®kloanmalnt aad é D.EFIRACC
1 -algegemgdabul unmasénén sebebini ise ilgili y°nt
°] -ekte daha ge-erli ol masé ve bu anl amdaki keya
Dahasé, -3rmedlojFEinireTie2 ve Tierl metodoldj si nden ¢steé¢n ol duj u !
edi | mi k b %3 rhetotolojisi|l Her2 V/é Berl 6 e g°re baskeéendéf3 diyeb
met odol oji sinin, detayl e veril eri baréndéréyor |

analizinin sonucwlarak yorumlanabilir.

Son
- al
nin

akamada -1i smetloPdCod oTjiiesri ni n NGA 2014 metodol o]
ékma ol duju tespit -dddmma khdgkeéemB®gd ediiykd kei Il iPrC
daha genik-eeifyokaphmkhbareharak yorumlanabil

¢izelge 606da yer alan X i bul unan

anl aména gel mektedir. Ok bds kén
gostgmpml méxkt ér .

Karet. s¢tunda
gesterimindagder el

NMN
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(D: DEFRA, T1: IPCC Tieil, T2: IPCC Tief2, T3: IPCC Ties3, N: NGA 2014.)

G°rSelOk G°steri mi

3. Karbon Ayak Kzinin Hesapl anmaseé

Karbon ayak 1izi, Kurum/ kurul ukl arén sera ga:
GenellikletonCQek dej erxprol at €0 i fade edilir. Karbo
organi zasyonun =-evresel et ki sini dejerl endi
°neml i bir ara-ter. Beylelikle kar bon ayak
ver iml il iJini artéerma y°n¢gnde adémlar atma, vy
sal énéeml aréné azaltma ve karbon emisyonl ar ér
uygul ama s¢recine de dahil ol abilir (Sayén 2
Kurum/ kua ukakbamdayak i zi hesapl ama for mg¢gl ¢
emi syonl ar é, Kapsam 2 emisyonlaré ve Kapsam
rapor |l anér kle ns,t alnSdGa rld4éOn6a4 g°r e Kategori 1, 2,
rapr | anmaktadér . Hesaplamasé i -in en yaygeén
(EF) kull aneéel ar ak, bunl ar | KBCE€ri DEBERA] pEBAC
emi syon fakto°orl er.i araceéelejeylaelVapéei-henhadi
Met oduo form¢gl ¢ kullanélarak ger-eklexktirildi
AKarbon Ayak Kzi o dejerini hesaplamada kull a
CF = AD = EF (1)

Denklem 16de yer alan karbon ayak i zi (CF) i
140641 : 2018 standardéena g°re ise t¢gm kategori
kurum/ kumobtietanyayél a @eimi siymmheérmardce] €O ni , |
i fadesi , prosese ilikkin ham veriyi ve emi s\
ke¢etl e, zaman Vvb. birim dejerd.i i -in ovdk al ama
2019).

Kkl et mel erde karbon ayak i zi hesapl ama seér a
°ncelikle ikletmenin faaliyetleriyle ilagild@i
sreti mi, ul akém maliyetéaeeri. vEmi sy krenkatr $ ay
i kKl etmenin faaliyet!| er pe ksdoenjuecru ngdaaz |aat rneons fneirket e
i -in emisyon katsayélaréena i htiya- vardeéer .

emi syon kat s &kabbreayak izi kespit ddiirn € 1 ar a

31Sera Gaze Protokol¢ (GHG Protokol ¢)
SG Protokol ¢, Avrupa Birlifji Komi syonu tar af
hesaplanmasé ve raporlanmasé i-in yol g°%°ster

NM=
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gaeéi syonl arénén °1-¢1 mesi, raporl anmaseé ve
°nerilerinin sunul masé noktasénda kurum/ kuru
farkl e kapsam alténda séenéfl andérar ak Kap:
ad andéréel maktadér (Yélmaz 2024).

Kapsam 1, kuruluk sénérlareé i-indeki ve kur
emi syonl aréndan ve yutaklardan meydana gel me
emi syonl ar ol arakj @°dghimekecidlien &Bmi ayanléar é

yakeét teketimleri, Kirket ara-|lareéenén vyakeéet
emi syonlar, forklift kullanémé Kapsam 1 emis
kurul ukumzi nmeidrair i ket ki si yl e ol ukan faaliyet]| ¢
kapsamaktader . Kurul ux bajl aménda &kontrol [
Kapsam 2 sonucu olukan ve bu araléja dahil
elektrikt ¢ ket i mi ve buhar t ecketi mi. KapsamsB®nr ae
aktiviteler sonucunda ortaya -€é€kan emisyonl &
karbon salénémlar é, kurul uk bajl ammektdde. kontr
Bu araleéeja dahil edilen emisyonlaré «kKu Kek
seyahatleri, kiraleéek ara-I|lar ve otel konakl a
3.21SO 140641 : 2018 Standardeée

| SO 140614, sera gazé emasawmpmansbarvéenédo]olu-l alnme
ulusl ararasé bir standartter. Bu-1s18Cal#084a r t ¢
2,ve ISO 14068 (ISO 140641 : 2018 Stah&®&rdép620235prndar déna
ye¢reéeten kirketadaeasé valagedaakabwisl adil en bir
kal maz, ayné zamanda ¢l kesel yasal zorunl ul
2024).

3.2Séra Gazée Envanter Kategor | er

Sera gazé envanter kategokaltegori loargdheni zaply
dojrudan SG emisyonlaré ve wuzakl aktérmal ar &,
gazé emisyonlarée, ulakemdan kaynakl é& dol ayl e
créenl erden kaynakK wamuwinu KSa8G aimi syrond lagréei,n  kul |
SG emisyonlaré ve dijer dol ayl é,GH N, Nazée em
Skve dijer uygun sera gazé gruplarée (HFCOI er,
emisyonlaé n &€ et @A ar ak tespit et melidir. Ayné zam

tCOe cinsinden °l-melidir (Cokgun 2023).

3.2Kategor 1: Dojrudan Sera Gazé Em syonl
Dojrudan sera gazé emisyonlaré ve wuzalkl akt e
et tijJi sera gazeé emisyonlaréndan veya yut ak|
veya mobil ol abilir. Mot orl u takeétl ar, kamy
nakliye ekipmanl arénda yanan ya&etemiosnswaeml ar
Dojrudan proses emisyonlaré ve endg¢strivyel [

emi syonl ar arasénda yer alér. Antropojenik s

3.2Ka8tegor 2 Ener | Dol ayl & Sera Gazé Em
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Enerji kaywyln&a kd €r lodazé emisyonl areée, bir Kkuru
veya buharén ¢retimi sérasénda ortaya -ékan
3. 2Kdtegor 3: Ul akéeémdan Kaynakl é& Dol ayl &
Sera gazé emisnyeornlaarréén,é nk udréukléunkd as édbul unan Kkay
kaynakl ar hareketlidir ve -ojunlukla n-akliye
3 ayné zamanda kKku il ikkil:@ emi syonl aré da i -
ve vyrklkelti yesi / daj et eméndan kaynakl anan er
créenlerin mgkteriye nakliyesi esnaséendaki e m
3. 2Kategor 4 : B r Kurul uk Taraf éndan Kul
Dol ayl & Sera Gazé Em syonl ar é
Kurul uk t ar afl@mdiaan nmadtil@ar dan kaynakl anan dol
gazé emisyonlarée, kurumsal séneérl arén dekeéend
3.26. Kat egor i 5: Kurulukun | rettifiji brenl eri
Gazée Emisyonl ar e
Kurunv Kur ul ukl ar tarafendan ¢reti mi yapél an ¢
bakl amaktadeér . Kategor.i 5 hesapl amal arénda r
dej i ktirdiiji i-in yakam d°ng¢s¢ hakkandgackaet
sonundaki bertarafé ve geri d°n¢kem prosesl e
327. Kategori 6: Dijer Kaynakl ar Dol ayl é& Ser
Bu kategorinin amacé, dijer kategoriler ar
sal éenemlaréné hesaplamaktér (Cokgun 2023).
SG Protokol ¢l:v2e0 118 C5tlad4nm0doadr dé ar aséndaki far kil
¢Ci ze/l gerRr cGtaczkto!l ¢ 18t h8QatdecAr aséndaki F a
SERA GAZI PROTOKOL VE | SO 14064 ARA
KRKTER SG Protokol ¢ ISO 140641:2018
Esneklik Daha esnektir, Daha katéeder ,
uyarlanabilir. i -ermektedir.
Kull anélkirket i- i emi §Sertifikasyon, d
Amac é rapor |l ama yapmrapor |l ama yapm
Kull anél maktadér|kull anél maktadeéer
Ul usl ar { Kk d¢nyaseée ve hhUl usl arar ase res
Kabul yaygéndeéer sertifikasyon i-i
Standar{Esnektir, geni K 140641,140642,140643 olarak
bol ¢nm¢ Kt ¢&r .
Sertifikasyon Gong¢ll ¢ rapor | am|Sertifikasyon vedoj r ul ama
Odaj e i —-ermektedir.
33Karbon Ayak Kzi Hesapl amasénda Kull anél an
331.1 PCC, Ul usl araraseé Ver. Tabane
H¢e ke metl er arase Kkl im DejixkikIlifji Panel i |
Met eorol oj i ¥rge¢t ¢ YEWMON)d at akruarf velnadna nh i rl 9K8WBr u |
deji ki klijini anlamak, politikaya y°n -ver mek
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2 yakl|l a-ed6mé g9T-8eyall @k é2meéy aikslea kTeimeerna g°r e dah
i -ermekl e | Bemadaki -&dul gul ar czerinden har
yapél abil mektedir (IPCC, 2025)
3.3.2. DEFRA, UK

Kngiltere ¢evr e, Géda ve Keérsal Kkl er Bakan
kéer sal alanl ardan sorumlu hdk¢mdtand ap &t mawve
gevenld i ve kérsal kal kénma gi bi al anl ar d:
politikal aréené «kekillendirmeye, bil i msel ar a
ol mak amacéyla kulémraeyan&taadléeene DEXxRA, hak ke
Bu veriler, Birlexik Krallék"én i klim dejiKk

(DEFRA, 2025).
3.3.3. EPA, USA

Ameri ka Birlekik Devletleri ¢tevre Korwuma Aj :
veri tabanlarée ve ara-1lar sajlamaktader Kar
tabanl arée ve ara-1ar, °czelli kle sera gazeée el
bilgileri i -ermektedir Danh & u-l d ka nextl &mrd éal mee
emi syon fakt°rleri ile beraber hesapl amal ar
3.3.4. ECOINVENT
Ecoinvent, -evresel etki dejerlendirmesi i-1i
d°ng¢se¢ dejerlendcelmeasa yapa@maé aalt @r maBu Ve
hizmetlerin t¢g¢m yakam d°ng¢se¢ boyunca (ham |
atéek y°neti mi) meydana gelen -evresel et ki
tabanl ar éna ak9rae beketadbyelré lolsmnsl & bir veri ta
Karbon ayak izinin hesaplanmasé sg¢recinde, (
ver.i tabanl aré araséndaki benzerli kler ve fe
-al ekxmal ar daak eknulelgareée |l albarl i r ¥rnejin, doj al
tabanéndan se-ilirken, ul akéma ai-'t emi syon
edilebilir.
¢i zeBlKgger bon Ayak Kzi Hesapl amal arénda Kull ane
Benzerlikler

Veri Tal IPCC DEFRA EPA Ecoinvent

Ke¢resel

deJ|K|kI|J¢evrese| ¢(?vresel Yakam d

azal tmak |[d¢gzenl eme . .

m¢ecadel e i . analizine
Ama - karbon ayak iz|yapmak ve karbo

veriler sunmak V¢ . ) -evresel

. . hesaplama verilele mi syonl a

politika A . hesapl amal

N saj | amak .|izlemek.

sajl amak.

. K¢resel (G
Cojrafi in,irﬁsel erSe ngilter dABD ve bald¢nya -apé
Kapsam A g Kr al | &k 0 gveriler. ¢l kenion

sajlar). i erir)

Ke¢resel Kar bon Karbon emisorYaKam d
Veri T¢lemi syon faktorl e Y verileri,

.. . . . S faktoerler .

enerji, sanayi wv{t ket i mi |, emisyonlar, Sy

NMP
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ul akém selve ayt %@rkejul akém se|lkul |l anémé
genel veriler. verileri. det ayl & v|etkiler.
L Yél da bir
Veri Pe_”yOd'k OIE?‘ra.kYélda Yél da géehcecell eni
, g ¢ n c e(gendlikle| - i
G¢ncel |l - gencellengegncel l enjol ar ak gen
57 yélda b ~
tabanéedeéer.
Genel emisyolKngi | t er e Detayl & ya
fakterl erijdet ayl & ABDb6ye ©°ziverileri,
Det ay D|ortalamalar; yereg emisyon veriler; global veg- evr esel
verilere genellikle ye|f akt °r |l efqyerel verlhakkénda
verilmez. verilir. veri i-eri
| . lcretsiz,lcretsiz,|lcretli er
. . pcretsi z, , : ; ; i
Eri kim . zerinden czerindern¢gzerinden|{(Lisans v
¢ eri Kil ebileri ki | eb.i|gereksinimleri olabilir)
Emi svon Benzer Emi svon Yakam d°ng
Hesaplama K Ily 5| emi syon K Ily 5 | (LCA) k ul
Y°nt e mi u anetarn yrlanel giY anel al, ronlerin
hesapl ama “hesapl ama|¢, ¢. .
hesapl amg et kil eri h
4. Sonu- ITamr t\ex ma
Bu -al eékxma, kurumlarén faaliyetlerinden kay
-exkitli y°ntemlerini incel emektedir. Bu S ¢
protokoll er, °czellikle Ser-h: 20d8¢e whdmt okOhH ¢
dejerlendiril mesini el e al maktadeéer. Ayréca,
y°ntemlerinin sektoorel bazda nasél farkl él el
mevcut -al exmal arl a bu heas apélkaamaél na r yearp €eltnkai knt
T¢rkiyedbdeki sera gazeée emisyonlaréna dair T
T¢rkiyedbnin sera gazé sal éenéemlaréndaki sekt?©
sermektedir. Kurumsal karbon ayakz i ni n hesapl anmaseé, Kirket
hedefl erine ulakmada ve -evresel etkileri az
2023 yelé itibari il e T¢grkiyednin tolmdkam ser
hesapl alhgmékkityéer,. Pari s Kklim Anl akmasé'na t a
emi syon hedefi belirleyerek karbon sal énémla
T¢e¢rkiyedbnin en y¢ksek emisyon dejerl erinin
ol ur sak, yé¢ksek fosil yakéet bajemleléejée ve |
zorl aktéran °nemli engellerdir. Karbon ayak
-evreyil koruma a-éséhdgraki KeeilgairkkiiOgilekme Yseakh il pf
uyum sajl amak hem -evresel sorumluluju art
ilikkilerinde rekabet avantajé elde et mek i -
Yapélan Iliteratg¢r araktérmasé apormamasedaal eam
-al ekxmaya tabi ol an sekt®°rg¢gn, ulakéem sekt©Or
artmasé sonucu sera gazeée emisyonlarénda hezl
ul akeméeéndan kaynakl ana®s tkerr iojni stad €miétml| ead iélnmi
sonu-, karayolu ul akéménén T¢rkiyebdbde ul ake
k¢resel €ésénmaneén °neml i sebeplerinden biri
uyukmaktadér (G¢g] ¢l ve Keléen- 2022).

NMZ



\ LONFEREY,
o £y "

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19l, -ERZSJRUM
I SBN IrG 259 &2

hCADE gy,
&,
8

ETT

D

Tekri yednin 10. Kal kénma Pl anénda K U I bar e
emi syonl arénén tespitinde karayolu ul akéméené
probl emlere sebebiyet verdi i vV e ul akt ér ma
sekt®°r¢nde %22 oranénda paya sahip ol dujunu,
i se Wlxk@&Ilsiméngi ml ukturduju tespit edil mixkktir
Literatg¢rdeki -al exmal ar é& ul akeém raim kilmyar ¢ nden
tekstil, tarém, cojrafya alanénda yapélan - a
Ayné zamanda, I|literatg¢rde kullanélan metodol
y°ntemin hangi y°ntemden ¢steéen oDBERRAGMOa an am,i
| PCCO6 den w3eb ¢IlnP2VE Tkl Ged e n F2ZRPGG nTilaBrée i €8st ¢ n
ol duju yapélan analizlerle tespit edilmiktir
¢al ékmada, emi syon hesapl amal arénda kull anél

EPA ve Ecoinvent) benZeri k ve farkl el ékl ardan da bahsedi
ol ur sak, DEFRA ve EPA, yerel emi syon fakt?©or]l

Kuruml ar i -1 n daha wuygundur. | PCC ve Ecoin
edilmektedirAy r € c a, Ecoinvent, yakam d°ng¢se¢ defjer
sunar ken, EPA ve DEFRA daha sék ge¢ncell enen
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ABSTRACT

Accurate prediction of AC power production in solar plants is crucial for efficient energy
management and grgdability. This study compares the performance of two advanced gradient
boosting models, CatBoost and LightGBM, in forecasting AC power production using
meteorological and temporal features. A publicly available solar plant dataset, comprising 8760
hourly observations, is utilized, including features such as daily yield, total yield, ambient
temperature, module temperature, irradiation, and DC power. The dataset is preprocessed by
extracting temporal attributes (e.g., hour, day, month) and scaling nunfeatales. Both

models are trained on 80% of the data and evaluated on the remaining 20% using Mean Squared
Error ( MSE) , Root Mean Square Error (RMSE),

outperforms CatBoost, ac hi and RMSg of4.85, cBhparedf 0. 9
to CatBoostodos R] of 0.9923, MSE of 4.09, an
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reveals that irradiation is a key predictor of AC power production. This study provides practical
insights for improving solar energy foretiag and optimizing renewable energy systems.

Keywords : Solar power forecasting, AC power production, CatBoost, LightGBM, machine
learning.

1. INTRODUCTION

Solar energy plays a pivotal role in the global transition to renewable energy systems, offering
a sustainable solution to meet rising energy demands. Accurate forecasting of AC power
production in solar plants is essential for optimizing energy management, ensuring grid
stability, and minimizing operational costs [1], [2]. Machine learning techniguaescularly
gradient boosting algorithms, have gained prominence in solar energy forecasting due to their
ability to model complex, nehnear relationships in meteorological and temporal data [3], [4].
While traditional gradient boosting methods havevam promise, advanced models like
CatBoost and LightGBM offer enhanced capabilities, such as efficient handling of categorical
features and improved computational efficiency [5], [6]. However, their comparative
performance in predicting AC power producti@mains underexplored. This study addresses
this gap by evaluating CatBoost and LightGBM in forecasting AC power production using a
comprehensive dataset from a solar plant, which includes features like irradiation, ambient
temperature, and DC power. Thamary objective is to compare the predictive accuracy of
these models and identify key factors influencing AC power production. This work contributes
to the literature by providing a detailed performance comparison, highlighting the role of
meteorologichfeatures, and offering practical insights for enhancing solar energy forecasting
in reatworld applications.

2. METHODOLOGY

2.1. Data Description

The dataset used in this study is sourced from a solar power plant and is publicly
available on Kaggle [7]t comprises two merged datasets: generation data and weather sensor
data, containing 8760 hourly observations collected between May 15, 2020, and June 17, 2020.
The generation data includes features such as DC power (DC_POWER), AC power
(AC_POWER), dailyyield (DAILY_YIELD), total yield (TOTAL_YIELD), and a unique
identifier for each inverter (SOURCE_KEY). The weather sensor data provides meteorological
features, including ambient temperature (AMBIENT_TEMPERATURE), module temperature
(MODULE_TEMPERATURE), and irradiation (IRRADIATION). The target variable for
prediction is AC_POWER, representing the AC power output of the solar plant. To capture
temporal dynamics, additional features are engineered, such as hour of the day (HOURS),
minutes (MINUTES), totaminutes passed (TOTAL MINUTES PASS), day (DAY), month
(MONTH), and week (WEEK). After preprocessing, the dataset includes 8760 rows and 12
columns, providing a comprehensive representation of meteorological and temporal factors
influencing AC power produmn.

NNN



\ LONFEREY,
a &‘f

&

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19l, -ERZSJRUM
I SBN IrG 259 &2

hCADE gy,
0
ETT

D

2.2. Data Preprocessing

Several preprocessing steps are applied to prepare the dataset for modeling. The
DATE_TIME column is parsed to extract temporal features, including HOURS, MINUTES,
DAY, MONTH, and WEEK, using the pandas library. The SOURCEYK&ategorical
variable, representing unique inverters, is encoded into numerical format using LabelEncoder
to ensure compatibility with gradient boosting models. Numerical features, such as
DAILY_YIELD, TOTAL_YIELD, AMBIENT_TEMPERATURE,
MODULE_TEMPERATURE,IRRADIATION, and DC_POWER, are retained as predictive
features, while AC_POWER is set as the target variable. No missing values are detected in the
dataset, ensuring data integrity. The dataset is split into training and testing sets wi20an 80
ratio, using a random seed of 21 for reproducibility. This split ensures that the models are
evaluated on unseen data, providing a realistic assessment of their predictive performance in
realworld solar power forecasting scenarios.

2.3. Models

Two advanced gradnt boosting models are employed in this study: CatBoost and
LightGBM, both of which are welsuited for regression tasks involving complex, Htiorar
relationships. CatBoost, developed by Yandex, is designed to handle categorical features
efficiently andmitigate overfitting through techniques like ordered boosting [5]. LightGBM,
developed by Microsoft, is optimized for high performance and scalability, using histogram
based learning and lewfise tree growth to achieve faster training and better acc[8hd@oth
models are configured with default hyperparameters, except for the random seed, which is set
to 21 for reproducibility. The models are trained on the training set (80% of the data) and
evaluated on the test set (20% of the data) to assesprébdictive accuracy.

2.4. Evaluation Metrics

Mo del performance i s assessed using thre
( MSE) , and Root Mean Square Error ( RMSE) . )
variance in the target variable (AC_POWER) explained by the model, with values closer to 1
indicating a better fit. MSE quantifies the average squared difference between predicted and
actual values, while RMSE, the square root of MSE, provides an interpretable measure of
prediction error in the same units as the target variable. These metrit®sea to provide a
comprehensive evaluation of the model sdé pred
and error magnitude, which are critical for solar power forecasting applications.

3. RESULTS AND DKSCUSSKON

3.1. Model Performance

The perfomance of CatBoost and LightGBM models in predicting AC power
production is evalwuated wusing RJ|, MS E, and
Light GBM outperforms CatBoost, achieving an
compared tB] CatB00%9»3, MSE of 4.09, and RMS
LightGBM indicates that it explains approximately 99.84% of the variance in AC power

producti on, compared to 99.23% for CatBoost
RMSE values refledts ability to produce more accurate predictions with smaller errors, which
i's critical for reliable sol ar power foreca

predictive capability in this context.
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Table 1. Model Performance Comparison

Model R| MSE RMSE
CatBoost 0.9923 4.09 2.02
LightGBM 0.9984 241 1.55

3.2. . Data Analysis

The dataset exhibits significant temporal and meteorological variability, which is critical
for understanding the patterns influencing AC power production. disteibution of key
features is analyzed to assess their characteristics. The histogram of DC_POWER (Image 1)
shows a rightkewed distribution, with most values clustered near zero and a long talil
extending to 14000 kW, reflecting the diurnal nature t¢drspower production where power
generation peaks during daylight hours and drops to zero at night. Similarly, DAILY_YIELD
(Image 2) exhibits a rigkgkewed distribution, with values ranging from 0 to 8000 kwh,
indicating variability in daily energy outpubfluenced by weather conditions and solar
availability. The IRRADIATION distribution (Image 3) also shows a rigkéwed pattern, with
mo s t values between 0 and 0.2 W mj and a s
highlighting the variability in slar radiation intensity over the observation period.

Time series analysis further reveals the temporal patterns in the dataset. The time series
plot of DC_POWER (Image 4) from May 15, 2020, to June 17, 2020, shows daily peaks
corresponding to midday houssith values reaching up to 14000 kW on days with high solar
radiation. A noticeable dip is observed around June 5, 2020, likely due to reduced irradiation
or cloud cover. The DAILY_YIELD time series (Image 5) exhibits a cyclical pattern, with daily
valuesaccumulating throughout the day and resetting at midnight, peaking at around 6000 kWh
on days with high production. The IRRADIATION time series (Image 6) mirrors the
DC_POWER ©pattern, with daily peaks reachincg
relationship between solar radiation and power generation. A scatter plot of DC_POWER
versus DAILY_YIELD (Image 7), colecoded by IRRADIATION, demonstrates a clear
correlation: higher DC_POWER values correspond to higher DAILY_YIELD, particularly
when IRRADIATION exceeds 0.75 W/ m] . These patter
meteorological features like IRRADIATION and temporal features like HOURS in the

predictive models, as they capture the cyclical and environmental factors driving AC power
production.

The efficency of power conversion from DC to AC is also analyzed. The time series
plot of AC/DC conversion efficiency (Image 8) shows an average efficiency of 9.685%, with
occasional spikes up to 10.1%, indicating variability in the conversion process possitiy due
inverter performance or environmental factors. This efficiency metric provides additional

context for understanding the relationship between DC_POWER and AC_POWER, the target
variable in this study.
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Image 1. Distribution of DC_POWER.
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Image 2.Distribution of DAILY_YIELD, exhibiting variability in daily energy output.
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Image 3. Distribution of IRRADIATION, highlighting variability in solar radiation intensity.
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Image 4. Time series plot of DC POWER from May 15, 2020, to June 17, 2020, shogvitaily
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Image 5. Time series plot of DAILY_YIELD, displaying cyclical patterns in daily energy

accumulation.
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3.3. Model Comparison

To further analyze the predictive capabilities of CatBoost and LightGBM, scatter plots
of actual versus predicted AC power values are generated. For CatBoost (Image 9), the points
cluster closely aroundhé perfect prediction line (y=x), indicating strong predictive
performance consistent with its R] of 0.9923
values (1201400 range), suggesting minor inaccuracies in predicting peak AC power
production. h contrast, LightGBM (Image 11) exhibits an even tighter alignment with the
perfect prediction |ine, aligning with i1ts s
residual plots further confirm these findings. For CatBoost (Image cookies10), resadeal
symmetrically distributed around zero, with most errors falling betw2@rand +20, though
some outliers exceed 40, Il ndicating occasior
plot (Image 12) shows a narrower error rand® o +10), with éwer outliers, reinforcing its
higher accuracy and consistency. Feature importance analysis provides additional insights into
the model s6 behavior. For CatBoost (I mage 1:
followed by IRRADIATION, highlighting theirdominant role in predicting AC power
production. Other features, such as MODULE_TEMPERATURE and
AMBIENT_TEMPERATURE, have a smaller but noegligible impact. Similarly,
LightGBM (Image 14) identifies DC_POWER as the most critical feature, followed by
IRRADIATION, but assigns relatively higher importance to TOTAL_YIELD and
DAILY_YIELD compared to CatBoost, suggesting differences in how the models prioritize
features. These results underscore the physical relationship between DC power, irradiation, and
AC power production, validating the feature selection process.

CatBoost: Actual vs Predicted AC_POWER
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°d
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Predicted AC_POWER
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0 200 200 600 800 1000 1200 1400
Actual AC_POWER

Image 9. Actual vs. predicted AC power for CatBoost.
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CatBoost: Residual Plot
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Image 10. Residual plot for CatBoost, displaying the distribution of prediction errors.

Image 12.

LightGBM: Actual vs Predicted AC_POWER
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Image 11. Actual vs. predicted AC power folLightGBM.
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CatBoost: Feature Importance
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Image 13. Feature importance for CatBoost, highlighting the dominance of DC power and

irradiation.

LightGBM: Feature Importance

DC_POWER

IRRADIATION

MODULE_TEMPERATURE

AMBIENT_TEMPERATURE

TOTAL_YIELD

DAILY_YIELD

£00 800 1000 1200 1400 1600
Feature Importance

Image 14. Feature importance for LightGBM, emphasiing the critical role of DC power and

irradiation.
3.4. Discussion

The results demonstrate that LightGBM outperforms CatBoost in predicting AC power
production, as evidenced by its higher R] (O
lowerRMSE (1.55 vs. 2.02) . This advantage <can
architecture, which leverages histograased learning and lewfise tree growth to achieve
higher accuracy and efficiency [8]. The scatter and residual plots (Figy.farther confirm
Light GBM6s superior performance, showing tig
prediction errors. Feature importance analysis (Figs. 13 and 14) highlights the critical role of
DC_POWER and IRRADIATION in both models, consistent with physical principles of
photovoltaic systems, where DC power directly influences AC power output, and irradiation is
a primary driver of energy generation [9], [10]. The relatively higher importance of
TOTAL_YIELD and DAILY_YIELD in LightGBM suggests thait may better capture
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cumulative production trends, contributing to its improved performance. These findings align
with prior studies on solar power forecasting, which emphasize the importance of
meteorological features like irradiation and temperatld2]. The time series analysis (Figs.

4-6) and scatter plot (Image 7) further validate the strong relationship between IRRADIATION,
DC_POWER, and AC_POWER, supporting the feature selection process. The AC/DC
conversion efficiency of 9.685% (Image 8) icates potential for improving inverter
performance, as higher efficiencies could enhance overall energy output. Practically,
Light GBM6s enhanced accuracy can i mprove ene
AC power predictions, reducing uncertaintiasgrid operations. Future work could explore
hybrid models combining gradient boosting with deep learning techniques, such as LSTM, to
capture both temporal dependencies andlimear relationships, potentially further improving
forecasting accuracy.

4. CONCLUSION

This study compared the performance of CatBoost and LightGBM in predicting AC power
production in a solar plant using meteorological and temporal features. Results show that
Light GBM outperforms Cat Boost, ,6 aadRMSEoVL5H g an
compared to CatBoostds R] of 0.9923, MSE of
analysis reveals that DC_POWER and IRRADIATION are the most critical predictors,
underscoring their role in photovoltaic energy conversion. The isupperformance of
LightGBM highlights its potential for realorld solar power forecasting applications, enabling

more accurate predictions and improved energy management. Future research could investigate
the integration of additional features, such lasid cover or wind speed, and explore hybrid
models to further enhance forecasting accuracy, contributing to the advancement of renewable
energy systems.
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ABSTRACT

Solar energy forecasting is crucial for efficient energy management and grid stability. This
study compares the performance of two gradient boosting algorithms, CatBodataaineht
Boosting, in predicting solar power production using meteorological and temporal features. A
solar power plant dataset with 8760 hourly observations was utilized, containing features such
as wind speed, radiation, air temperature, and lagged girodwalues. The dataset was
preprocessed by scaling features and adding temporal attributes such as hour, day, and season.
Both models were trained with 50 iterations and evaluated using Mean Absolute Error (MAE),
Root Mean Square Enrorcs(RREEBEU| tand hRw médat (
of 0.8993, RMSE of 0.0586, and MAE of 0.0235, outperforming Gradient Boosting, which
yielded an R] of 0. 88914, RMSE of 0.0614,

ar
effectiveness of CatBoost in solareegy forecasting and provides insights into feature

N=N


mailto:hasan.uzel@bozok.edu.tr
mailto:yildirim.ozupak@dicle.edu.tr
mailto:feyyaz.alpsalaz@bozok.edu.tr
mailto:emrahaslan@artuklu.edu.tr

\ LONFEREY,
o £y P

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19l, -ERZSJRUM
I SBN IrG 259 &2

hCADE gy,
&,
8

ETT

D

importance, with radiation showing a high correlation (0.89) with system production. Future
work could explore additional features, such as cloud cover, to further enhance forecasting
accuracy.

Keywords : Solar power forecasting, machine learning, CatBoost, Gradient Boosting, time
series analysis.

1. INTRODUCTION

Solar energy has emerged as a vital renewable energy source, contributing significantly to
global efforts toward sustainable energystems. Accurate forecasting of solar power
production is essential for optimizing energy management, ensuring grid stability, and reducing
operational costs [2], [5], [9]. Machine learning techniques, particularly gradient boosting
algorithms, have showpromise in modeling the complex relationships inherent in solar energy

data due to their ability to handle non linear patterns and diverse feature sets [3], [6]. However,

the comparative performance of advanced gradient boosting methods, such as Gai@oost
Gradient Boosting, remains underexplored in the context of solar power forecasting, especially
with respect to their ability to leverage temporal and meteorological features effectively. This
study addresses this gap by evaluating the effectiven€&stBbost and Gradient Boosting in
predicting solar power production using a comprehensive dataset with meteorological and
temporal features. The primary objective is to compare their performance and identify key
factors influencing solar energy productieni t h a parti cul ar emphasis
predictive accuracy. This work contributes to the literature in three key ways: first, it provides

a detailed performance comparison of CatBoost and Gradient Boosting, demonstrating
Cat Boost Osursaucpye r(iRojr oafccO. 8993 vs. 0.8894); se
meteorological features, such as radiation (with a 0.89 correlation to production), in improving
forecasting models; and third, it offers practical insights for energy manageyridenhhfying

a more effective algorithm for realorld solar power forecasting applications. The results pave

the way for more robust forecasting models in renewable energy systems.

2. METHODOLOGY

2.1. Data Description

The dataset used in this study v&mirced from a solar power plant and is publicly
available on Kaggle [1]. It contains 8760 hourly observations, representing a full year of data,
collected between January 2017 and January 2018. The dataset includes seven primary
meteorological features:imd speed (m/s), sunshine (hours), air pressure (hPa), radiation
(W m] ), air temperature (AC), relative humid
variable. These features were selected due to their influence on solar power generation, as
meteoplogical conditions significantly impact photovoltaic system efficiency [8], [12]. To
capture temporal dynamics, additional features were engineered, including hour, day, month,
season, and lagged production values (Lag_1, Lag_2, Lag_3) for the prevemusrtie steps.

After preprocessing, the dataset consisted of 8760 rows and 8 columns, covering meteorological
and temporal factors influencing solar power production.

Z
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2.2. Data Preprocessing

Several preprocessing steps were applied to prepare the datasetleling, ensuring
compatibility with gradient boosting algorithms. The time column (Béder(NMT)) was
converted to a datetime format using the pandas library to extract temporal features like hour,
day, month, and season. The season feature wasdetd based on the month (e.g., December
to February as winter) and one hot encoded to convert categorical values into numerical
representations. To capture temporal dependencies, lagged production values (Lag_1, Lag_2,
Lag_3) were added, representingteys production at the previous three time steps, a common
approach in time series analysis [11]. Numerical features, including wind speed, sunshine, air
pressure, radiation, air temperature, relative humidity, and system production, were scaled
using MinMaScaler to normalize their ranges between 0 and 1, ensuring balanced influence
on the models. Duplicate columns were removed to avoid redundancy. The distribution of
numerical features was analyzed using histograms (Image 1), showing that sunshine and
radiation are skewed toward lower values, typical for a solar power dataset with daily and
seasonal cycles. Boxplots (Image 3) further reveal outliers in features like sunshine and
radiation, justifying normalization. A correlation matrix (Image 2) highlightsstrong
correlation (0.89) between radiation and system production, and high correlationr$.(@)89
between lagged production values and the target, emphasizing the role of meteorological and
temporal features.

2.3. Models

Two gradient boosting modelsene employed: CatBoost and Gradient Boosting, both
suited for regression tasks with complex relationships. Gradient Boosting builds an ensemble
of decision trees sequentially, correcting errors of prior trees by minimizing a loss function [2].
Implementedvia Scikitlearn, it served as a baseline due to its widespread use in regression
tasks [2]. CatBoost, developed by Yandex, enhances traditional gradient boosting with features
like efficient handling of categorical variables (e.g., season) and reduadittiogd 3]. It was
chosen to | everage the datasetodos tempor al
traditional methods in solar power forecasting, where temporal and meteorological factors are
critical. Both models were configured with S6rations, a learning rate of 0.1, and a maximum
depth of 6, balancing complexity and efficiency. Hyperparameters were optimized through
preliminary experiments to avoid overfitting. Early stopping was applied with a patience of 10
iterations, monitoring alidation loss (RMSE). The dataset was split into training and testing
sets (8620 ratio, random seed 42) to evaluate performance on unseen data.

2.4. Data Preprocessing
Model performance was assessed using Mean Absolute Error (MAE), Root Mean

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI

al

Square Errof RMSE) and R] score. MAE measures the

predicted and actual values, RMSE emphasizes larger errors by calculating the square root of
squared differences, and R] i ndi cat ewitht he
higher values reflecting a better fit. These metrics were chosen to balance accuracy and
explanatory power in solar power forecasting, where both small deviations and larger errors can
impact energy planning and grid operations.
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Distribution of Numerical Features
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Image 1.Distribution of numerical features, showing histograms of wind speed, sunshine, air

pressure, radiation, air temperature, relative humidity, and system production.

WindSpeed - 1.00
Sunshine
AirPressure
Radiation
AirTemperature
PelativeAirHumidity

SystemProduction

Season_Spring
Season_Summer
Season_Winter

Lag_1

' 0.04

WindSpeed
sunshine

AirPressure

Radiation

Correlation Matrix of Features

1.00 0.
o I

Arfemperature
RelativeAirHumidity
SystemProduction

0.06

o (=]
=]
=)
-~
G

Month
Season_Spring
Season_Summer -
Season_Winter

= LI

~- 0.t

Lag_2 -
Lag_3 -



\ LONFEREY,
&) “,

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-191, -ERZ3JRUM
I SBN IrG 259 &2

MAD[M',
&,
8

ETT

D

Image 2. Correlation matrix of features, with a notable correlation of 0.89 between radii@mn
and system production.
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Image 3. Boxplot of numerical features, highlighting variability and outliers in wind speed,

sunshine, air pressure, radiation, air temperature, relative humidity, and system production.

3. RESULTS AND DKSCUSSKON

3.1.Data Preprocessing

The dataset exhibits significant variability in its features, as evidenced by the boxplots
and histograms presented in the methodology section (see Figs. 1 and 3). To further understand
the temporal behavior of solar powmoduction, a time series plot of system production was
generated, as shown in Image 4. The plot, covering hourly observations from January 2017 to
January 2018, reveals clear seasonal and daily patterns. Higher production values are observed
during summemonths (e.g., June to August), while lower production occurs in winter months
(e.g., December to February), reflecting the impact of solar radiation and daylight hours on
energy generation. Additionally, daily fluctuations are evident, with productidarngeduring
midday hours and dropping to near zero at night. These patterns validate the inclusion of
temporal features (e.g., hour, day, season) and lagged production values in the dataset, as they

capture the autoregressive and cyclical nature of solaepproduction, which is critical for
accurate forecasting.
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Image 4. Time series plot of system production from January 2017 to January 2018.

3.2. Model Performance

The performance of the two gradient boosting models, CatBoost and GBalisting,
was evaluated wusing MAE, RMSE, and R] metri
achieved an MAE of 0.0235, an RMSE of 0.0586
Boosting, which recorded an MAE 00889%.The2 32, ¢
hi gher R] valwue of CatBoost indicates a bett
of the variance in system production, compared to 88.94% for Gradient Boosting. Additionally,
Cat Boostds | ower RMSE erlaggéripredectios errors, whiclidarutial t y t
for reliable solar power forecasting. Althot
performance across all metrics demonstrates its superior predictive accuracy in this context.

Table 1. Model Performane Comparison

Model MAE RMSE R
CatBoost 0.0235 0.0586 0.8993
Gradient Boosting 0.0232 0.0614 0.8894

3.3. Model Comparison

To further analyze the model sd predictiyv
predicted values were generated for Ho#tBoost (Image 5) and Gradient Boosting (Image 6).
In both plots, the points cluster closely around the perfect prediction line (y=x), indicating
strong predictive performance. However, Cat
alignmentwiththea ct ual val ues, consistent with its hi
loss curves (RMSE) for CatBoost (Image 7) and Gradient Boosting (Image 8) show that both
model s converge effectively, with milzesmal oV
at 0.0586, compared to 0.0614 for Gradient Boosting, reinforcing its superior accuracy.
Similarly, t he R] curves for CatBoost (1 mag e
their training and validation performance over iterations. CatBobstae ves a v al i dat
0.8993, slightly higher than Gradient Boost.i
training and validation R], indicating bette
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Actual vs Predicted Values (CatBoost)
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Image 5. Actual vs. predicted values for CatBoost.

Actual vs Predicted Values (Gradient Boosting)

0.8 4

0.6

0.4+

Predicted Values

0.2+

0.0+

00 02 04 06 08 10
Actual Values

Image 6. Actual \s. predicted values for Gradient Boosting.

CatBoost Train and Validation Loss Curves

0.18 § —— Train Loss
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Image 7. CatBoost train and validation loss curves (RMSE).
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Gradient Boosting Train and Validation Loss Curves

—— Train Loss (RMSE)
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Image 8. Gradient Boosting train and validation loss curves (RMSE).

CatBoost Train and Validation Accuracy (R?) Curves
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—— Validation Accuracy (R?)
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|l mage 9. CatBoost train and validation a

Gradient Boosting Train and Validation Accuracy (R?) Curves
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Image 10.Gr adi ent Boosting train and validation

3.4. Discussion
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The results demonstrate that CatBoost outperforms Gradient Boosting in solar power
production forecasting, as evidenced by its
©OO0x8B86 vs. 0.0614). This advantage can be attr
categorical features (e.g., season) and its robust gradient boosting framework, which mitigates
overfitting through techniques like ordered boosting [4]. Comparether ensemble methods
like Random Forests [10], gradient boosting methods such as CatBoost provide better handling
of temporal and meteorological data, as seen in this study. The strong correlation between
radiation and system production (0.89), aswahan Image 2, underscores the importance of
meteorological features in forecasting models, consistent with prior studies [8], [12]. The
inclusion of lagged production values further enhances predictive accuracy by capturing
temporal dependencies, alignimgth the cyclical patterns observed in the time series plot
(Image 4). These findings contribute to the literature by providing a detailed comparison of
advanced gradient boosting methods in solar energy forecasting, highlighting CatBoost as a
more effedve algorithm for this task. Practically, the improved accuracy of CatBoost can
enhance energy management by enabling more reliable predictions, reducing operational
uncertainties in grid planning. Future work could explore additional features, suchuds clo
cover, or incorporate hybrid models to further improve forecasting performance.

4. CONCLUSION

This study compared the performance of CatBoost and Gradient Boosting in solar power
production forecasting using meteorological and tempegtlires. Results demonstrate that

Cat Boost outperforms Gradient Boosting, achi
of 0.0586, compared to 0.8894 and 0.0614, r e
superior predictive accuracy, attributea its efficient handling of categorical features and

robust gradient boosting framework. The strong correlation between radiation and system
production (0.89) underscores the critical role of meteorological features, while temporal
features and laggedqafuction values effectively capture the cyclical patterns in solar energy
generation. This work provides a valuable comparison of advanced gradient boosting methods,
offering practical insights for energy management by enabling more reliable solar power
predictions. Future research could explore additional features, such as cloud cover, or integrate
hybrid models to further enhance forecasting accuracy, contributing to improved renewable
energy systems.
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Génegmegz kentlerinde artan n¢gfus ve yojunl ack

s¢rder gl ebi i r kwaev wenttwergulemabsi érn éy azpoéryuan | u  hal e
Akeéell é& Ul akém Sistemler:i (AUS) , ul akém mod.|
hizmetl er geliktirmek a-éséndan kritik bir r
ul akeméma -9&« modl u bir metropol de, Kehir i
ol maséna rajmen, bu modun sistem i-indeki pa
teknolojilerinin kehir i-i deniz uklaywléumé ©° ze
bil gilendirme sistemleri, dinamik sefer plan
sisteml eri ve veri tabanl e karar dest ek me
czerinden mevcut uygul ama linsoperasyonal veriralilikeydldul me k t
memnuni yeti ve hizmet kalitesi ¢zerindeki et
-%z¢ml o erion Kehir - deni z ul akéméneén dij e
tartékél makta verpoliyttinlkta i mwapéceéel-am ©°Plneryeée

é
Kstanbul dda deniz ul akéménén yeniden yapeéelar
°nemine dikkat -ekmektedir.

Anahtar Kelimeler: Akél |l & Ul akéem Sisteml erDi,j iDteali Ize ®tJin
Entegrasyon
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1. GKRKKkK

Kent | ek me s¢recindeki hézl anma, be¢yeék Kehi
s¢e¢rdereglebi b irl g konusunu g¢ndeme getirmiot
etkiler, ulfawerkasrelyalngapa dejil aynée zamand
zorunlu kel méxteér Bu noktada, Akéll e Ul akeén
bi -imde y°netil mesini sajJl ayarak kemtselokhar
modl u ul akém altyapéséna sahip bir metropol ¢
sunmaséna rajmen, bu potansiyelin yeterince
AUS teknolojilerinin Kstanbedbdaakonueihmnecelie
mevcut uygul amal arén etkileri dejerlendirilm

ém Sistemleri (AUS)

i stemleri, bil gi ve il etikim
Sini ve yolcu deneyiminin iyl
°rl er, GPS teknolojileri, Vel
dereéelebilir ve geé¢eéwmleir @€mi,r 2012
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2. emda Dijitallekme ve Entegrasyon

Ul akémda dijitall ekme, veriyei tdmyal al ka&aéar md
kapsamaktader . AUS teknolojilerinin -ok mod
uy umu, ortak ¢cretlendirme ve transfer kol a
memnuni yetini artérmaktadeéer (Yél maz & Demir

a
K

3. LKERAT| R TARAMASI

€ Ul akéem Sistemleri (AUS), u
i mi toplu takéma perfor mans
ve Yéldersegmdg2Q@Q2@b, | AUSQU Ak
kl e kent i-i trafik yojunlujunun azal:!¢t
(2019) I se AUS wuygul mal ar énén topl u
emi Kg magme ré- ekeri1 1 n sefer p |
ml erinde verimlil ] Eéné ortaya
ul ak émé °zelind yapeéel an -al ékmal ard
yaygénl akmadé] é ancak eatabrlhsyehni iger yreg i Mmi

- ve Tun- (2022), Kzmir'deki wuygul amal ar
entegrasyonunun yol cu memnuni yetine °neml i

o — X

NO=
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-al ekxmal ardan el del ediibiendesmwminau-dlaakémMstanb

potansiyeli y¢ksek kentlerde AUS tabanl é sis
Kstanbul Ulakém Ana Plane (KBB, 2022) , den
kull anél dédedzray v <«iastaem aeantéagerlamayscecnugeme k't
koymuktur. Ayréca T] KK (2023) verilerine g°r
yol culuklar i -indeki payé %306¢n alténda kalm
ve AUS tabanl é nmogdubnatazPhemi erheabuéereéel abil

4. Y¥NTEM

Bu -al ekmada, Kstanbul 6daki Kehir i -1 deni z
(AUS) uygul amal ar é beti msel anal i z y°nt emi )
durumunsig mati k kekil de el e al énarak belirli ten
nitel bir yakl akémdeér Bu bajl amda, Kstanbul
verileri ve ilgili akademi k |iteratg¢r temel
Anali z s¢recinde AUS wuygul amal are ¢ - ana ek
bilgilendirme ve dijital y°nlendirme sisteml
(3) iskele altyapeéel arénda dimailtaalé nd meyrcam. dB
kull anécé deneyimine etkileri ve operasyone
bul gul ar ékéjénda, sistemlerin g¢-1¢ ve zayeé

5. BULGULAR VE TARTI kMA

Yapéel an anali zl|l ereliomuic-uin dde niKzs twlndwd mama ke n t
Sisteml er i (AUS) wuygul amal arénén séeneéerl é& say
i Kl eyi Kk, yolcu deneyi mi ve hizmet kalitesi
¥zelli ks&edleélisatemleri, dijital bilgilendir
bil gilendirme teknolojileri, kehir Hatl ar é
uygul anméxkt er

¥rnejin, Kadéek°y Kskelseeiml ede , mgleir - eki zamlaamh
ekranl aré ve entegre turnike ge-ik sistemler
LED y°nlendirmeler, engelli erikim sens®°rler
Beki ktakn&Keskgbesiu yojunlujunu takip eden Kk
dinami k y°nlendirme teknolojileri devreye al
sesl i ve g°rsel sistemlerl-desunubhktbhkamanal ay € &
uy uml u deneme sisteml eri tes
Bu sistemler sayesinde yolcularén sefer s a
késal mék ve kullanécé memnuniyet.i artmexkter.
hatl ar a yayegéen!| adit prebhbmaad t yape eksi kl ikl el
yetersizIliklerinin uygulamal areén ver¥rdénml il i7]i
rayl e sistem entegrasyonu kapsaménda AUS wuy
k avuKkauntaéenr . Kstanbul Ulakém Ana Plané (2022)

NOO
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vurgul améxkt ér . Kel é- ve Tun- (2022), Kzmir
entegrasyonun yolcu memnuniyetine dojrudan e
Kstanbul 6da kehir i-1 deniz ulakéménén d°ng¢k
ve b¢gteéenl eki k ulakém vizyonunun geliktiril me

6. SONU¢ VE ¥NERKLER

Bu -al éeékmada, Akeéll é& Ulwrheinr Sii-sit edrd reirzaz nu Ina kKési
incelenmi kK ve mevcut uygul amal arén operasyo
dejerlendirilmiktir. Elde edilen bulgular,

ol umlu katkeéel ar gkredEjnunsw,;r dggmegdk bbd i kave ya
i -1n -exkitli eksi kli klerin gi deri | me
Kstanbul 6daki akéelle iskele sistemlerd:i ve
iyilektirmik,; fakaltark aagmt evger asayyd e ysd tse resml ze rk .
ol arak, akajéedaki ©°neriler gelixktirilmiktir:
-Akéll é& iskele sistemlerinin t¢gm deniz hatl a
-Ortak mobi | uygul amal ar vV e °deme sisteml e
- Karas al , rayl e ve deniz ulakém modl ar é ar as:¢
gé¢-lendiril mesi,

-Kul l anécé geri bildirimlerinin sistem tasat
yaygénl aktéer el masé.

Sonu- ol ar ak, Kst amkamémnméan kgeeliac ej-ii, dlelhS zt euk
bi -imde planlanmasé ve entegre bir ulakéem vi
7. KAYNAKCA

¢cetin, M. , & Yel deéer ém, S. (2020) . Akell é& wul
''ni vegisiM¢hendi sl i k FakZ42 t esi Dergi si, 11(2)
Er dem, T. (2020) . ¢ ok modl u ul akém sisteml
uygul amal arée. Ul akteériimd. ve Lojistik Dergisi,
Kstanbul Beyéekkehir Bel ediRlesnée (RWOARR)) . Klsdt
Bakkanl|l éjé& Yayeéne.

Kel é&-, A., & Tun- , E. (2022) . Deni z wul akeémeil
czerinden dejerlendir me. Pamukkal e | niitversit
368.

T KK. (2023ye tUrl afkiékm 1 st ati sti kl eri 2023.
https://www.tuik.gov.tr

Yél maz, E., & Demir, S. (2019). Akeéllée wul ake
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KSTANBUL ¥ZELKNDE YENK A¢lI LACAK TOPLU TAKI |
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¥ZET

Kstanbul gi bi mega &kme |l eezde wethnr aysdel, ulka
toplu takéma altyapésénén yeterliliJini zor
zorunlu keél maktader. Bu -al ékma, Kstanbul 0
toplu takémgi hhtl gekEaedehahangi kriterlere
sistemati k bir kar ar model i tasarl amayé ama
verme (C¢CKKV) y°ntemlerinden biri ol an Anal.i
AHP, klkar kmamxa&r problemlerini hiyerarki k bir
karkeéel akt érmal e ol arak dejerlendirmeye i mko
hem ni cel hem de nitel verilerin badillinkitket iarn
Bu bajl amda; negfus yojunluj u, mevcut hatl ar
potansiyeli, mal i yet ve -evresel etkiler gi
Karar s¢recinin veriye da¥XKatanbuli Bdy cdeasehek
A-ék Veri Portalé, KETT istatistikleri ve T]
me k ©n s al veriler dojrultusunda Esenyurt il -
yé¢ksek ngfus yojuniluvye ,t kglnu | texum@Emal i exraimd if mi n
gerek-elendirilmiktir. Gel i ktirilecek bu m G
yat érémlar énén belirl enmesinde kar ar veri ci
°ng°r ¢l mektedir.

Anahtar Kelimeler: Ul akém Pl anl amasé, Karar Destek Si
Kstanbul , Hat Optimizasyonu, Erikilebilirlik
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tl erin hezlée kentlekme s¢gre-1leri, n ¢
adltw atp@d @ama& né zorl amakta ve yeni ul e
irmi Ktir Kstanbul °©zel nde dejerl er
kapasiteyle dejil, zdrhfkanda e
|l a da yeniden el e : t
hi zmet sunumunda e
stemati k ve ok °k

ay

ﬁ—p—t-r—":

o
o
<
—_—< ~ x
< M

|
n
e
i
n

m.wjm'

y al
e ks
S i I e
etmektedir.

Bu - al
Hi yer a
nesnel
hatl ar
kriter
se-il e
bir se

Kmada, yeni a-élacak karayolu tabanl é
K i S¢reci ( AHP) kull anél ar ak kar ar
ektiril mesi amaeliammtmeéexitléen MBade&la,psrmadni
eri Ki m, yolculuk talebi, bel gesel g
er i di kkate al ar ak, -ok °l -¢tl ¢ Dbir

Esckearydigjte deamaegr afi k ve mek©O©nsal °cze
aryo ¢zerinde test edil mesine ol anak

5 S T Q9 — T M

2. LKTERAT! R ¥ZETK

Kent sel ulakem planl amaseé, sadece ul akéem h;
zamande@ k onomi k verimlilik, sosyal kapsayécéel ek
i -eren -ok boyutlu bir karar s¢recidir. Bu
veri ci n hem nicel hem de ni°netlenklreirteeril hetr
adér. Bu bajlamda, ¢ok Kriterli Kar
dejerl endirme i mko©neé sunarak ©°zel

<
ekil de kullanél maktadér (Hamurcu & E

K i S¢reci (AHP) , bu y°ntemle
ndan geliktirilen bu y°ntem, karar prc
da kil karkeéel akt ér mal ar y argilerinma s € n a
kl erini sayeésal bi-imde i fade edebil me

Anal i t i k Hiyerar
[ i

ncelendijinde, AHP' nin |
kt edilré k n¥ardnae,] i nmo nAonrkaayr asoOid
l enmi Kk ve bu s¢re-te AHI
I Ktir. Yazarl ar, nal t e
veguPROVIEKHEE 0 bii f laidletse
|l ar (Tak et al., 2017, s

O T~ c —c
Q - 0® S5 9 —
3
<
(]
—Q
-
~—

rasyonunu vur

rr bi-imde, Hamurcu ve Eren (2018), ken:
é k AHP ve VI KOR y°%ntemlerini kisinir | e K t i
mayé hedefl emi ktir.

(ox
c
— o N
> 0

nbul °zelinde ise AHP, ul akéem kararl ar én
[ i r ol oynamaktadeéer . Tarhan ve Ercokkun
eminin s¢sgradgeml ebedimdé&emozi ti fuetkileri

NOT
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destek sistemlerinin entegrasyon ve verimlil/l

¥te yandan, AHP sadece g¢zergoh belirl eme
kal mamaktader . °Tdlicn, (Q&yYI2gn Vi€ zkl topl u t ack
performansa dayalée ©°deme modelinde, belirle
y°ntemiyle hesaplanméxteéro (s. 12914).

Son ol arak, Ayata- (2017) kektnhs &l bulradKkamlplya
zamanda-mélksOsyal betenl ¢k i -1 nde, eri kil ebil
hedefl eyen uzun vadel i bir y°neti kKim ar a

Sonu- ol ar ak, AHP ve benzemlier-iok Kksrtiatnebrulli gki
ul akéeém sistemine sahip metropoll erde veri
cretil mesi i -in hem teorik hem de uygul amal é

1. Y¥NTEM

-al ékmada, Kstanbul 6un toplu takéma siste
kar ar destek model i gel i ktirilmiktir. M
tur muktur . AHP, kar ar s ¢ekearar mericilereiikifie r ar K i
€l aktéermalar yoluyla kriterler araseéenda
) . Mo del .- ana akamadan ol ukKkmuktur:

) kriterlerin belirlenmesi,

(i) i kili kar
@ kritkeekhbhp

x0T W

u
ir
| uKk
ar K
980

| akt érma matrislerinin ol ukt:
nen hesaplanmasé ve tutarl el ¢

M X
D D

Literatg¢r taramasé sonucunda ve yerel ul ak e
kriter belirlenmiktir: n¢gfus yojunl uj u, me v C
potansiyeli, maliyet ve -evresel etkiler. Bu
ol arak se-il miktir (¥zarpa et al ., 2021; Ha m

r Jini test etmek amaceé
ge, Kstanbul Beyekkehir B
zl & kentl ekme s¢greci vV e
T KK venomekiydpéEéaanu

[ de bir mobilite

Model in uygul anabi l
se-i I mi ktir. Bu b©°l
ngfus yojunl uj u, he
-ékmaktadér. Ayreéca
ortal amal ar éneén 2

incelendijinde, AHP'" nin |
d mektedir. ¥homejiay Amnlkareadd
t irl enmik ve bu s¢gre-te AHI
I enmi Kt ir. Yazarl ar , nal t e
e k HP vV e PR@NM®BTHIEfEa dlist lyil let e
y

i

S5
DO~ D

o &<
ocVW3I<o T

onunu vurgular (Tak et al ., 2017, s
-i mde, Hamurcu ve Eren (2018), ken:
bu é k AHP ve VI KOR y°%ntemlerini birl exti
azd t mayé hedefl emi ktir.

WP o< C xXC
ﬂ—1—3

® S D

gul
I | a
gun
nt e
[ ir
t eg
nze
| an

Kstanbul ©°zelinde ise AHP, ul akém kararl ar én
°neml i r ol oynamaktadeér . Tarhan ve Ercokkun
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sisteminin s¢rdegreghdbipori kehtetkilelharnéemdegtr
destek sistemlerinin entegrasyon ve verimlil/l
¥te yandan, AHP sadece g¢zergoh belirl eme
kal mamaktader . TekG0O2n2) ,Ceiy° zaenl vteo KI°U tteack é (a2 i |
performansa dayalée ©°deme modelinde, belirle
y°ntemiyle hesaplanméxteéro (s. 12914).

Son ol arak, Ayata- (2017) kentrseflaaliakeétm @é¢]ja
Zzamanda-mélksOsyal betenl ¢k i -1 nde, eri kil ebil
hedefl eyen uzun vadel i bir y°neti kKim ar a
Sonu- ol ar ak, AHP ve benzer i stanloukgibikkompleksrr | i k
ul akéem sistemine sahip metropoll erde veri
cretil mesi i-in hem teorik hem de uygul amal e

2. Y¥NTEM

Bu -al ékmada, Kssasbemioonae yoOpélui kaxemia hat p
kriterli bir karar destek modeli gelixktirilm
(AHP) ol ukturmuktur. AHP, karar sg¢recini hivy
kil kaalrakré lyakltueyrlma kr i t erl er arasénda °ncel |
(Saaty, 1980).

Mo d e | .- ana akamadan ol ukmuktur:

(i) kriterlerin belirlenmesi,

(i1 )y 1 kil karkéel aktérma matrislerinin ol ukt
(ii i) kriter ajervektatra@mleal dle sapdmaédmars kont
Literat¢r taramasé sonucunda ve yerel ul akeéem
kriter belirlenmiktir: n¢gfus yojunluju, mevec
potansiyeli, maliyetve evr esel et kil er . Bu kriterler, ber
dayalé ol arak se-ilmiktir (¥zarpa et al., 20
Model in uygulanabilirlijini test etmek amaceé
ol arak se-ilmKetanbuBuBbYbgeehir Bel ediyesi
yé¢ksek ngfus yojunluju, hézlé kentl ekme sg¢re
°ne -ékmaktadeér Ayréca, T, KK verileri de Es
Kstudnbortal amal arénén ¢zerinde bir mobilite t
Model in verileri, Kstanbul Beyéekkehir Bel edi
ve T KKO6ten temin edilmiktir. AHP s¢gaecinde
uzman 5 kiki g°revliendirilmik, bu wuzmanl arda
karkeél akt érma matri si ol ukturul muktur .
Kriter ajérléeklaré, AHP y°ntemine g°re hesap
Kekil de d¢Buenilkelnemm kstoonmruucunda her kriterin kat
belirlenmiktir. ¥rnejin, n¢gfus yojunluju kri

NO®
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%22, 1 ol arak hesaplanméxkteéer.

3. BULGULAR VE DEJERLENDKRME

Esenyurt il -esn Karedri nmloed egleil ,i k-takr ikirei t er | i K i
alteée temel kriterin i kild@ karkeéel akt ér mal ar én
aracelejéeyla elde edilen kriter ajérl ekl arée

-N¢gfus Yojunluju: %34.5
-MevcutHatla a Er i Ki m: %22 .1
- Yolculuk Talebi: %15.6

-B°l gesel Gelikim Potansiyeli: %11. 38

- Maliyet: %9.3

-tevresel Etkiler: %6.7

Bu ajérl éklar, karar vericilerin kentsel ul a
demografi k yojunluukbudu]j Bhdeoetdialyanksgmu-1 a
-al ékxmalarla da °rt¢gkmektedir ¥rnejin, ¥zar
kararl arénda g¢venli k ve kurulum maliyetinin
belirlendiji.niBu ibfuddjeu,etnmifrutsi ryoj unl uj unun t ¢
(I T O O O I ol masé a-éséndan -al ékmaméezla tutar
Ayréca model de yer alan fAmevcut hatlara eri«k
b¢etenl ¢ ¢ ve modsandana®peemeii Bl erral oynama
Ercokkundédun (2023) APark Et Devam Et sisteml
d¢zeyini arterarak °zel ara- kullanémeneé aza
kriterine vtekiemmdktedr. ° n e mi des

¢tal ékmada ayréca alternatif hat b°lgeleri ta
séral anmexktér. Esenyurtoéun kuzeydoju kesimin
toplu takéema eri Ki mi nedenuyseneauflacel akél m
bul gu, Ayata-060én (2017) dkentsel ul akémda er
t emel unsur ol dujunuodo belirttiji g°r¢keyle d
Model in sonu-laréna g°re, °neroitlaenmsityaetlliarveen
talep yaratma kabiliyeti, karar wvericilerin
-evresel etkiler ve maliyet gibi kriterlerin
alternatiflerin b¢t ¢ nankle nk ekkéil Imeex taerral i@z edi |
Elde edilen bulgul ar, gelixkxtirilen karar mod
°] -ejinde uygulanabilirlijini ortaya koymukt
y°nelimlerle dejil; veréamlea dmelail rel eeremesd ist mgna
gel mi ktir

4. SONU¢ VE ¥NERKLER

Bu -al ékmada, Kstanbul ©°zelinde yeni a-é&l aca

NMM
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belirl enmesi s¢recine sistemati k katké sunma
temel l i i-bdkrkkiartaearl destek modeli geliktirilnmn
Esenyurt il -esinde, y¢ksek ngfus yojunluju v
°nceli kli yatérém b°lgeleri tanémlanmécxkter.
Model aracel éejeéeyla nadaf wsiwdjmnlywjlw,ul m&kv dwtl ek
potansiyeli, maliyet ve -evresel etkiler gib
belirlenmik ve karar alternatifl eri bu ajéer|l
ngfus yojunVvoapunap! ael ameol an bajl anténén kar
fakt°rler ol dujunu ortaya koymuktur. Bu duru
entegrasyonun ve kapasite planlamasénén merKk
Model in sundufuveekctiel ar éin- kmaratrateji k plan
ol duju g°re¢glmegkt ¢gr. Ul akém yatéreéemlarénén sa
sosyal, -evresel ve ekonomik etkiler dikkate
vurgula€meé K t e r .

Ayréca, bu -alékmanén y°ntemi sadece Kstanbu
benzer ©°1I -ekl:i uygul amal ar i -in uyarlanabili
s¢rdereglebilirl ik, er i Kivleerbiilleirrllei kd evset eektl kei nmel s
rasyonel kull anemené m¢gmke¢gn kél acakt éer .
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¥zet

Bu - al é«k nBordus aucuparide z ) ( a d iFradnuxexaelsiad i ve Anadolu

KestanesiCastanea Sativdi | | . ) gi bi f ar kzl aémkag] au-y gtug¢l ral mearsi énn
dej i Ki mi czerindeki et ki si i ncelenmi ktir.

yézeylerine ol an etkilerini dejerlendirer
parametrelerindeki dej i ki ml e testler boaucundal Acame vy i P2
zamké wuygul amaseé, ahkap y¢zeylerinde °nemli
°ncesi ve sonr ad®a*rbg Gkvelpgr @rheterl eelreerki, (her Dbi
ortalama dejikimler Venmiombij enl Kesganel ahé&a
uygul amasé sonrasé renk deji Ki mi en belirgin
de benzer renk dejikefFkldiekkeetier g° Keesmlh @ae miox twir
odunu i-in 2.49iwe6add4d olwmbadkalkl de edi | mi Kt
farkl e aja- terl eri czerinde renk deji ki ml
ol dujunu g°stermektedir

Anahtar Kelimeler: Ar ap zamkeé, renk, kestane, ¢(vez, d

A Study on the Application of Gum Arabic on Rowanberry, Ash, and Anatolian
Chestnut Wood Species Used in Various Industrial Fields

Abstract

In this study, the effect of applying gum Arabic on color change in various wood species,
including rowanberry Sorbusaucuparia L.), ash Fraxinus excelsiorL.), and Anatolian
chestnut Castanea SativMill.), has been investigated. The study aims to evaluate the impact

of gum Arabic on the surfaces of these wood species and determine the changes in color
parameters undedifferent application conditions. The tests conducted revealed that the
application of gum Arabic led to significant color changes on the wood surfaces. Color
parametersL(*, a*, b*, C*, andh*) were measured before and after application, and average
charges and homogeneity groups were established for each wood species. The most noticeable
color change was observed in chestnut wood, while similar color changes were also noted in
ash and r owanb &rvalyes véere eltainedsas 12.42ha chestmood, 2.49

NTT=
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for rowanberry wood, and 6.14 for common ash. These results demonstrate that gum Arabic is
a potential surface treatment that can influence color changes in different wood species.

Keywords: Gum Arabic, color, chestnut, rowanberry, ash.

1.Gi ri K

Ahkap, binlerce yeéeldeér i nsanl ar taraféndan
mal zemedir. Ancak, nem, akéré sécakl ék dejic«k
neden ol an etkenl er gi bi nyaéspéer agteerceek meekvtreedsierl.
ahkap y¢zey i1 -in koruyucu ve dekoratif kapl
iyilektiril mesi, hava kokull aréna ve biyol oj
uzatél masé a-éséndaol anaiml kabel ggdcémektedko
°ncel i kli ol ar ak ahkap il e -evre havaseé
dayanmaktadér. Hava nemli ol dujunda, nemin a
Ki kme meydana gel mekiurseg®° ol Hohusdduili seHaweai n
sal éenmasé ve bununla birlikte b¢gzegl menin get
hava nemindeki dejikimlere bajlé olarak genl
bu dejikim yalenézyanit elki fblier iyn® n-dapraz y°ng¢ni
dojrultusunda ise sadece -0k k¢-¢k oranlarda
ve ark., 2019).

Doj al zamkl arén yaygén °zellikleri, Su i -1 n¢t
°©zellikleriyle tanéemlanmaktader. Bu nedenl e,
hi drokoll oidlerin bir sonr aki créengeég ol arak,
bajl anmaséyl a meydana gelen bireyd sabnteyae ndi r .
akmaya karké diren-1:1 sert bir yapéya sahip
2019).

Arap zamkeé, geni kK sanayi kull aném al anl ar éna
mekKkr ubat Kurupl ar égbijleilzi ato°nr ,k ekkaelréd rnelra kgtiébrié)c é:
yaygeéen Kekil de kull anél makt ader . Ayr éca, t
end¢gstrilerinde de kull anél maktadér (Xerbeke
senegalve A.seyalg i b i yakéndan il i kkil:/ terlerin gov
salgédéer (JECFA, 1999; HAcammnadsveeMahaminédOoa
bulunmakla birlikte, ticari a maAeaciamseegalvei n ° ne
Acacia seya(Abuarra ve ark., 2014; Musa ve ark., 2018).

Acaciasenegah ] acéndan ¢retil en zamk, ayné zamanda
5000 yéldan fazla bir s¢redir ticardi ol ar ak
Ant i k -ajl arda, Mésérbdda Arap zamkénén miner e
mumyal ama ikl emlerinde kullanéldejé bildiril
2022).

Arap zamkeée kalitesi, koku,H,r enzkg, ¢ In edm® nviek ¢kng,l 1
-eki tli metall erin konsantrasyonu gi bi par &
Genellikle bulunan mineraller Ca, K, Na, P olup, az miktarda Pb, Cu, Co, Zn, Ni, Cd, Cr ve
Mndédde bulunabil mektedir.ul Asdapr armramk@&@naénharkdaar
takdirde ancak 1 hracat yapeél maktader . Bu ne
a-éséendan °neml. bir parametredir (Patel vV e
Arap zamké, gel eneksel t éptyaélvear déxi tkluil | lmas
Méesérl el ar , Arap zamkeé ajreée kesici bir baz
Dojudbéda Arap hekimleri, Arap zamkéneé -ok -e
G¢egnegmegzde Arap z a mkgee,d a® zeerl¢lnilkelre niek lvegncnuitk v e

NIO
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amacéeyla geda hazerl ama end¢gstrisinde ve far
(Ahmed, 2018).

Bu araktérmada, ¢(vez, dikbudak ve kestane gi
ahkapl ggizege meydana gelen renk deji ki kIl iKkI e
yapél masénén amaceée, farkl é aja- te¢rl eri czer
ol an etkilerini incel emektir. Arocapalz abmkré bi-le
ol up, ahkap y¢zeylerinde renk ve g°r¢gnegm de
Ahkap te¢rleri, farkle fiziksel ve ki myasal

farkl e renk deji ki mlerni, gArsatperzdmlKémdrer - e Biu
czerindeki et kil erini daha iyl anl amameéza

iyilektirmeye y°neli k potansiyelini ortaya Kk
te¢er yeézey i Kl emleereisnien i ¢kaywarealklne Inak é | fayda
end¢gstriyel kull anémlar 1 -in yeni perspektif

2. Materyal ve Metot

Bu - al é«k nBordus aucuparide z ) ( a d iFradnuxexaelsiad i ve Anadolu

kestanesiCastanea Sativli | | . ) odunl aré kull anél mékteér. C
20 mm boyutl ar énda hazérl anméexkter. ¥rnek
ger-eklextirilmiktir (1SO 554, 1976) .
Bir cam kap i-erisine 20 gsafm Sg¢celll engmi Ay alp
daki ka boyunca kaynatél méxkteér . Ardéndan, k &
°rneklerin y¢zeyleri, titrexkimli bir zémpar a
kull anél arak zémmar-&@lzaenmékt éfré.r -+aa zyearrldaénnaé y | a
ol arak uygul anméexteéer. Uygulama °ncddi cvdagze&n
kull anél arak ©°1 - &3 mgK2 @7 )A SsTtMa rDd a2r2ddednGt, g°r e
kr oma kégygymga ndaykaHfdaa e nttonaef arkéné veya g°°l ge
(Lange, 1999) Akaj édaki form¢gller ile topla

aH* =B {(a)?-( @)°° 1)

gB*=(a*-czelti u§gwizeenmak uygul anmaméxk (2)

Cﬂ-*:(L*—"zeIti Ul-y*gl?lzaariméKu)/gulanmaméK (3)

C* = [(a)? + () 7°° @)

GE* =Lt )i EPS (5)

(IC*:(C*- czel ti UQE-U°|Zaen|H1éiK u)/gul anmameé Kk (6)

h° = arctan i*/ a*) (7)

qb*:(b*-"zelti Ub*gLPIzaedméKu)/gulanmaméK (8)

dA* a-eb*ev@® @&-in bilgiler (Lange, 1999) ¢izel

¢Ci zel e, a*laeh* seev@®@ @& -in °nemli bil giler (La
Parametre Pozitif durumda Negatif durumda

ab* Referansa g°°re Referansa g°r

aa* Referansa g°re Referansa g°r

aC* Referansa g°r e, d| Mat , referansa

o> Referansa g°re Referansa g°r

¢izelge 26de Jiroug ve Ljuljka, (1999)6ya g°©

NN
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¢izelge 2. Jiroug ve Ljuljka, (1999) 0y
gE* ar al Renk dej i Ki gE* ar al Renkdej i Ki m
<0.20 Anl akeéel am| 3.00-6.00 Cok beli
0.20-0.50 ¢ok hafif 6.00-12.00 Yojun
0.50- 1.50 Hafif >12.00 ¢ok yoju
1.50- 3.00 Belirgin
Bir I statisti k programé i | everiemvargapxapdizlew, e en
ortal amal ar, standart sapma, % dejikim oranl
3. Bulgular ve Tarteékma
Renk parametrelerine ait varyans anali zi S
parametrelegi (Al nugpatamg (B) ve etkilexkim
(¢izelge 3).
¢i zelge 3. Renk parametrelerine ait v
Test Varyans Serbestlil_< Kareler Ortalama F b 00
Kaynaj ( Derecesi Topl a Kare De]j e '
Af al-¢r ¢ 2 1179.441 | 589.721 | 1402.401| 0.000*
Uygulama (B) 1 440.407 | 440.407 | 1047.322| 0.000*
Et kil ek 2 244.864 | 122.432 | 291.152 | 0.000*
L* Hata 54 22.707 0.421
Toplam 60 260566.601
Dezeli. 59 1888.525
Toplam
Aj a- Ter 2 1.118 0.559 6.158 0.004*
Uygulama (B) 1 107.010 | 107.010 | 1179.287| 0.000*
Et kil ek 2 16.474 8.237 90.772 | 0.000*
a* Hata 54 4.900 0.091
Toplam 60 3833.587
D¢zel ti 59 129.640
Toplam
Aja- Tgr 2 216.485 108.242 | 605.980 | 0.000*
Uygulama (B) 1 114.904 114.904 | 643.275| 0.000*
Et kil exi 2 57.175 28.587 160.043 | 0.000*
b* Hata 54 9.646 0.179
Toplam 60 29027.773
D¢zel ti 59 399.027
Toplam
Aja- Tgr 2 190.608 95.304 556.526 | 0.000*
Uygulama (B) 1 181.220 181.220 | 1058.229| 0.000*
Et kil exi 2 69.381 34.690 202.573 | 0.000*
(o Hata 54 9.247 0.171
Toplam 60 32923.945
D¢zel ti 59 451.123
Toplam
Aja- Ter 2 203.115 | 101.558 | 250.274 | 0.000*
Uygulama (B) 1 223.699 | 223.699 | 551.275| 0.000*
Et kil exi 2 16.907 8.454 20.833 | 0.000*
he Hata 54 21.912 0.406
Toplam 60 296593.404
D¢zel ti 59 467.173
Toplam
*. Anl aml é

NP
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Arap zamké uygulamasé ile ahkapemél tamé&l et ék
ait sonu-|larée ¢izelge 40de sUuUnubdep&kthdeér. ni
(referansa g°re daha koyu) ol arak el de bul un
& v& @ejerl eri (s d&rashsaé kiélreamérzeef evrea msed eg farnes a

parl ak) pozitif B* adreajke rtleesrpii tK eesdtia nmei kotdiurn.u a& -
2.49 ve adi di kbudak i H ndé] édl etiarkhé&skehde e
cvez odlu.ndu3 ivea nadi di kbudak ib*i dele@0fieoi ar alk
ve di kbudak odunlareée i-in pozitif (referanssa
|_
v
1
3.

in negatif (referansa g°re dahat emaveir)i o(lJairr
e Ljuljka, 1999) a-éséendan incelendijinde
2.00) o0, adi di kKbudak2 o@U)haw veianvdizy ofdimnny 6i.
00)0 keklinde bir sonuedbitatbakzekegei ) edil
¢izelge 4. Toplam renk farklel éklar
- , N " " " N » |Renk deji kti
Aj a- T¢inf & & | ab* | & | aH aE Wiroug ve L
Kestane -11.07] 3.79| 4.17|5.02| 2.56| 12.42 ¢ ok yol20m)
Adi di kb| -3.42|297] 4.14[4.99| 1.04| 6.14 Yoj un -{280)0 ¢
i vez -2.05/1.41]-0.01|047] 1.33| 2.49 Belirgin (1.50- 3.00)

L* parametresinetiazel ¢d -3 ond &s*oqpug itl eamet me it i & O |

g°re, Arap zamkeée uygul amasé ©°ncesinde kest
uygu ama sonrasénda 54.590a d¢igkmegKt &ro. Bu di
kayéep ile y¢zeyin belirginekeloidludha niday uluaygtud
66.87 olan ortalama* dej er i , uygul ama sonrasénda 65. 0
olduk-a séneéerl & bir d¢kéek kaydedi Il mi ktir. A
olanL* ortal amaseé, Arapsemnm&e6aygzndpemade&kmmogrnryve
azal ma meydana gel miktir. Téeém bu sonu-1 ar

-al ékéelan ahkpparapmeleesnde azaltarak y¢gzeyl ¢
oranlarda koyul bemayaesebepiol de¢juel ge 5).

¢i zellpep&rametresine ait °Il-¢,m sonu
Aj a - Arap De] i| Mini-| Maksi-| Homojenlik | Varyasyon| Standart
T, 4 Zamkg4 Ortalama T

o r ¢ Uygul 4 (%) mum | mum Grubu Kat sa Sapma
Kestane Yok 65.66 516 64.85| 66.18 D 0.89 0.58
Var 54.59 "1 53.48| 56.30 Fr* 1.51 0.82
Ly e Yok 66.87 59 69 66.38| 67.72 C 0.65 0.44
! ] Var 65.07 ] 64.04| 67.24 E 131 0.85
Adi Yok 72.68 54 71.96| 73.20 A* 0.57 0.42
Di kb Var 69.27 " 168.63| 70.39 B 0.87 0.60

* En vy ¢ ks ek sgdgmky-k, s*o*n:u -

a* parametresine CGiztel Yle- ¢6nd dswo nvue-rlialrn@iak t i r .
parametresinde Arap zamké uygul amasénén et ki

sonrasé belirgin bir arték g°zl emérendnejketriir,.
9.660ya y¢kselerek %64. 57 oraniéeqnala bygulaama K¢
7090lana* dejeri, 8.350e -ékméxkx ve %17.77 oraneé
odununda da benzer «kKkekiactdee]jaygul amaléecegsks

oranenda bir artexk olmu&tuwygulSomaisé oth*amad&j a
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parametresini arttérmék ol up, °czelli kle kes
yé¢kselmiktir (¢izelge 6)
¢i zeladgep®r ametresine ait °l-¢m sonu
Aj a- Uygulama| Ortalama Dej i| Mini-| Maksi-| Homojenlik | Varyasyon| Standart
Ter ¢ (%) mum | mum Grubu Kat sa Sapma
Kestane Yok 5.87 g 64 5.40 | 6.12 Ex* 3.68 0.22
Var 9.66 "1 9.32 | 9.95 A* 1.78 0.17
|y e 4 Yok 7.09 17 6.88 | 7.28 C 2.14 0.15
: Var 8.35 ‘| 6.98 | 8.87 B 6.45 0.54
Adi Yok 6.54 o045 | 643 | 678 D 1.54 0.10
Di kbd Var 951 | Y "2 [9.00]| 985 A 3.57 0.34
* En y¢ksek sonu- | *ox En dc;K(;I{
b* parametresinetiazdl d -760md es osnwndlamwekt ur . Ke s
°ncesi 22. 29 odeaneroir,t a26a.nmla66ya -ékarak %18. 7
i vez odununda ise -0k k¢g-¢k bir arréxekayded
21. 366yak yw&kseshthece %0. 0561 ik bir dej i Ki m c
uygul amab* sdreij as é 17.736ten 21.8706ye -eéeékarak
gestermi ktir. Sonu- ol ar ak, Arap zamkeé wuygu
t onl artéénréé rakre n, cvez te¢regnde neredeyse hi-Dbil
7).
¢i zelbgep&@rametresine ait °l-¢:m sonu
Aj a - Uygulama| Ortalama Dej i| Mini-| Maksi-| Homojenlik | Varyasyon| Standart
Teér ¢ (%) mum | mum Grubu Kat s a Sapma
Kestane Yok 22.29 g18. 21.22| 22.89 B 2.03 0.45
Var 26.46 25.86| 27.69 A* 2.14 0.57
|y e 4 Yok 21.35 g0, d 21.00| 21.55 D 0.81 0.17
: Var 21.36 " 1.20.98| 21.69 D 1.02 0.22
Adi Yok 17.73 053 [17.51] 1844 Ex* 1.46 0.26
Di kby Var 21.87 y [ 20.60| 22.49 C 2.89 0.63
* En y¢ksek sonu- , ok En dg¢ K¢

C* parametresi netiazietl g°el -8:;0ml es ogn®us-tlearriél mi Kt ir

°ncesi 23.15C*o0ldenp eort al28md 70ye -ékarak %21.
gestermi ktir. ! vez odunun@*a desjeer iuy g2u2 .amBad € n
sadece %l.9&n®rnrladmébda arték kaydedil miktir.
soniCaséejeri 18. 906dan 23.896a -ékarak %26. 4
Sonu - ol ar ak, Arap zamké wuygul amasé kestane
°nemlde °dr-t,ér ér ken, cvez teéegreéegnde bu arték ol
¢i zelCHep8rametresine ait °1-¢m sonu

Aj a - Uygulama| Ortalama Dej i| Mini-| Maksi-| Homojenlik | Varyasyon| Standart

Teér ¢ (%) mum | mum Grubu Kat sa Sapma

Kestane Yok 23.15 g21. 22.83| 23.63 C 1.14 0.26

Var 28.17 27.49| 29.31 A* 1.98 0.56

|y e 4 YOK 22.50 g1 22.10| 22.72 D 0.86 0.19

: Var 22.93 12245 23.42 C 1.29 0.29

Adi Yok 18.90 0o | 1867] 1964 E** 1.42 0.27

Di kb{ Var 23.89 Y 22.72| 24.55 B 2.79 0.67

* En y¢ksek sonu-, **: En d¢gkKgé
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h°parametresine @i tePfie ¢ &0 d@ravamel miersti i ra.- € s €
zamké wuygul amasénén etkileri dejerlendirildi
dej i Ki mi gzl emlenmi ktir. U¥dej emia, 6898406
%7 .13 oranénda bir auznau nndaa ,g °usytgeurl nai &di€in.e rejisvi e z7
68.6506e gerileyerek %4.20 oranénda bir azal
uygul ama © nchedseij e6r9.,7 46 60.15alnbe d¢kKerek %4.63 or
Sonu- ol ar akgulAamgs & atmkm ajya- t ¢ rl erinde ren
kestane tg¢r¢egnde bu dejikim en belirgin kekil
¢i zelhgpear%@.met resine ait °l-¢,m sonu-

Aj a - Uygulama| Ortalama Dej i| Mini-| Maksi-| Homojenlik| Varyasyon| Standart

Teér ¢ (%) mum | mum Grubu Kat sa Sapma

Kestane Yok 75.31 5, 414.54] 76.38 A* 0.69 0.52

Var 69.94 69.51| 70.87 C 0.57 0.40

|y e 4 YOK 71.66 54 471.30] 72.23 B 0.41 0.29

: Var 68.65 67.32| 71.95 D 1.84 1.27

Adi Yok 69.74 54 ¢89.51] 70.01 C 0.24 0.17

Di Kby \Var 66.51 66.19| 67.30 E** 0.51 0.34

* En y¢ksek sonu-, **: En d¢Ké
Literat¢rde yapélan -exitli Arap zamkeé - al étk
renk parametrel ereidnidiedidckdijeirkii krlaipkolrere deilldnei Kt i

Ulay ve Ayata, 2025).

4 . Sonu-1lar ve ¥neriler

Bu -al ékmanén Kkapsaméné genikletmek ve dah:
°neril erde bul unul abilir. Kl 'k alokap al,,zegnplker
zamanla -evresel fakt°rl ere nasél tepki ver
Ahkap mal zemenin dék ortam kokullarénda (UV
mar uz kal masé, renk dej i ki nelyedreik,i m eakt a nainka | ¢
deji ki klikIler:i g°zl eml emek i -1in doj al y ackl
hezl andérmak amacéeyla yapay yaklanma testl er
kontroll ¢ kokull arda (eyny)ksteekstUVréwéejré,ekd @exd |
Arap zamké gi bi koruyucu kapl amal ar én, uzun
Kekil de dejerlendirilebilir.

Bunun yané séra, éslakléek testleri wueneol duk -
kadar iyl kabul ettijini °] -er ve koruyucu |
ol ur . ¥zellikle, Arap zamké gi bi uygul amal al
yézeyin su itici ©zel Il i klkerii-niinn kaornttéarkétl ég- éa
ésl akl ek s¢resi gi bi parametreler incel eneb
dayanéekl el éjéné ve uygulamanén uzun s¢relii e
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DAJ KARAAJAMUS( GLABRSON) ODUNUNA UYGULANAN
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¥zet

Bu - al ek mad a  Umdsglabrakadson) aduraus éf dr k1l € katl ar hal
uygul amasénén, odunun renk, parlakl ek ve bey
Bal mumu uygul amaséneéen, odunun yézey °czel l
gzl emlenmi ktir. IRemrmdkejgpgubmenbr ebér sagésée art
da y¢é¢zeyin koyulaktejéené g°starvemb’ktiise ®Dif e
g°st erahi kdteijre;r i b* %4d22] &0, ise %20. 93 oranénda
ol -¢mlerinde, bal mMuinkul euysgouA amal 85& az &l ar éy
belirgin arteéexlar sajl amekt &v.e EB9§yazliénk dien d:
gestermi ktir. El de edil en sonu-1|ar, bal mum
y¢zeyinde renk doygunluju, parlakl ek ve beya
ortaya koymaktader.

Anahtar Kelimeler: Da ] k arUmagglmlmae , bal mumu wuygul amaseé, r
parl akl ék, beyazlék indeksi, kat sayeéseée,

The Effect of Wax Application in Different Coating Layers on the Color, Glossiness, and
Whiteness Index Properties of EIm Europeanimus glabraHudson) Wood

Abstract

This study investigates the effects of applying different layers of wax on the color, glossiness,

and whiteness index of European eldinjus glabraHudson) wood. It was observed that the

wax application significantly altered the surface properties of the wood. Among the color
parameters, the* value decreased as the number of application layers increased, indicating

that the surface became darkeneTother color paramete®, and b*, increased; the* value

increased by 43.10%, and thtevalue increased by 20.93%. Glossiness measurements showed
significant increases, particularly at 60A a
direcionsJand €). The results indicate that the
in color saturation, glossiness, and whiteness on the surface of European elm wood.
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Keywords: European elmUImus glabra wax application, coloparameters, glossiness,
whiteness index, number of layers
1. Girick

Ahkap, esteti k ve fiziksel czell i kl eri nede
créendeér . Ahkap serttir, ancak sécakl ek, nem
Darbeye dayanékl éder ve ajérl ékla karkel akt
(Jomwdzdzed S s, 2017; [ dkeoddetse ve [omwdedzd G s, 2
Ahkap mum yajé, esas ol arak doj al re-ineler,
olukan yeavrdidostuw kapl amadéer . Tamamen doj
cretim ve kull aném sg¢greci boyunca -evre dost
olukturma ve n¢gfuz etme °zelliklerinegsahinpt
ve ark.,, 2024)Ahkap yajlar, bal muml aré ve parafin
edil ebil mektedir Bu, ahkap re duvarl ar én
tanéména bajl é

h¢C e
ol arak ahkap modi fi kasy,onu ol
19) b a

2004; Hill, 2006; Scheiding, 2018 r i sc hk e, 20 Bal mumu
dostuluju ve ekonomi kI i7jJi a-éséndan modern
elastik ve nefes alabilen bir kaplraemakal k&t
korunmakta, dojal g¢zelliji ve esneklijJi kor
bir bal mumu tabakaséyla mikrokristaller, | am
(Tsvetkova ve ark., 2019) . Bkt kivselyebalnmu ng
bilinmektedir Kuru kokullarda, y¢zeyin nefe
sajlanmaktader Zararl e wultraviyole éxeénlar
korunmaktadér . Yapr ake zylezleyjini s1a ymd kirmde o4 Kkc
kirleticiler y¢zeye tutunamamakt a; bunun ye
yapraktan yékanarak wuzakl|l akteéerél maktader. B
adl andér el makt adre2004;(TS/ethovalvezarky 2019F r o mm

Bu - al eékmada, Unia glabrkHaurdasaojna)c éodlununa dej i Ki k
uygul amasénén odunun renk, parlakl ék ve beya
Bu -al eékma, daj ka&ambbhpada bdumuma ftUsglkl amaseé
czerinde ne gibi etkiler yaratabilecejini an
fonksiyonel °czellikleri, °czelli kle renk, p a
end¢stbistofgi bl anda b¢gye¢k °neme sahiptir. Ba
korunmasénda yaygén olarak kullanéelan bir y¢
czell i kl eri czerindeki et kil eri daha ivyi anl
Bu aj a- hakkeénmek gekekirsep)lmas glabraHg d s eey Avr upa keé:
bir-ok ¢l kede dajéelém g°stermektedir (Tutin
Kuzeydoju Avrupa ve Akdeniz b°lgesine dojru
2000) . T o h u nhblarak daahpsatéedilebilmelaexlii (McMilldhr o ws e , 1985) .
drenajl e ol duju s¢rece en azéndan orta k a
yetiktirilebil mektedir (Chittendon, 1956) . |
toprajée tedcirhvet melprak belirgin kekilde asi
dayaneéekl|l eédeér R¢zg©ra -ok dayanekl e ve deni
Beckett, 1979) . Odununun férén kurusu yojunl
575kg/m*ve %12.39 olarak belirlenmiktir (Kiaei \

2. Materyal ve Metot

Daj karUmagglabcalHudson) ahkabe 100 x 100 x 15 mnm
sonra TS ISO 13061 , (2021) standardéna g°aleé kmmadar,
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g°ré¢negmg macun formunda ol an, n°tr renkte ve
daj el abil en, %30 oranénda kuru artek i -ere
bal muml ar énén kar ékémée bir yajtekulkl adbnd!lmuéxut &
yaj bazl & kar ékém, ahkap y¢zeylere feéer-a i1
uygul anarak tatbik eWlF) midefier .| eBa&5eH 20685, M IEBd
parl akl ék dejerl eri (1 Steleri2(@9T®,D 22493 2007) v e re
Ol - ¢l megkt oo, Akaj] édaki form¢gll erl e toplam re

C* = [(a%)*+ (b%)?°° (1)

h° = arctan §*/ a*) (2)

C}I:*:(C*i Kl em g°rm¢K‘C§refBran§ °rnefji (3)

q:ﬂ*:(a*iKlgé)nn mé¢ K dena*yefefan;neji (4)

*:(L*i Kl em g"rmg,K'LﬁreferamQ' °rnefi (5)

qb*:(b*i Kl em g°rm¢|<'b"fjreferamg/ °rnefji (6)

aH* =B {(a)2- (@)7° (7

e =P )b 9§ ®)

Literale¢r ke oma kéesmé veyHt : dayaqurblodk mfgarvkeé av
ol arak tanémlanméxteéer, ayreéca dijer parametr
(Lange, 1999).

¢i zel e, a*leeb* seev@ @ ej er |l er i ndlLame, 1999 ané ml amal

Parametre Pozitif durumda Negatif durumda
a* Referanstan d Referanstan daha koyu
a* Referanstan da Referanstan d
ab* Referanstan d Referanstan daha mavi
s 95 Referanstan daha net, daha parlak Mat,r ef er anstan ¢
ge* i -in kriterler (DIN 5033, 1979) ¢izel ge 2
¢izel B*e i2-.i p kri terler (DIN 5033, 1
Toplam remE® | G°rsellToplam rem®|G°r sel
<0.2 Al gél a 3.0ila 6.0 ¢ o kelirgin
0.2ila 0.5 tok z 6.0ila 12.0 G¢ - | ¢
0.5ilal1l5 Zay é{ >12.0 tok g
15ila3.0 Belirgin
Bir istatistik programé ile maksimum ve min
sapmal ar é&, ort alaanmaal idzeljeerril evrei ,y ¢vzadrey a(n%) defj i &
3. Bul gul ar ve Tarteéekma
Varyans anali zi sonu-|laré ¢izelge 306de veri

uygul anan kat sayésé fakt%°r¢gnegn aB)l aml é ol ar

¢i zelge 3. Varyans analizi sonu-
Kareler | Serbestliki Ortalama| F v O_O ’
e Topl | Derecesi Kare Dej e (*
Anl 3n
| kK é kll¥)e |l g 371.244 3 123.748 | 785.112 0.000*
Kér ma)zedk tdnu| 84.916 3 28.305 | 196.913 0.000*
S a b renk tonu 98.253 3 32.751 | 397.735 0.000*

NP =



\ LONFEREY,
o £y "

&

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-191, -ERZ3JRUM
I SBN IrG 259 &2

NCADE,
Mré,{
ETT

— ¥V
Kroma (C*) 158.372 3 52.791 | 403.824 | 0.000*
Ton (h°) a - é| 115.556 3 38.519 | 70.576 | 0.000*
U206 de par| 0.971 3 0.324 | 132.409 | 0.000*
U606 d e p ar| 49.099 3 16.366 | 892.709 | 0.000*
Uss6 d e p ar| 168.036 3 56.012 | 1115.283] 0.000*
€2%9de par| 0632 3 0.211 | 41.217 | 0.000*
€6%Wde par| 45739 3 15.246 | 455.490 | 0.000*
€8% de par| 490.888 3 163.629 | 669.697 | 0.000*
Beyazl éHK) |414.011 3 138.004 | 3772.308]  0.000*
Beyazl ék | 402507 3 134.169 | 4052.084| 0.000*
Renk parametrelerine ait °]l -¢m sonu-1I| ar e |
sonucunda, bal mumu wuygul amasén daj kar a

én a
belirgin dejikikIliWY ede] gnil, akamkffreolg®grl mgmx
uygul amasénén ardéndan azalarak 1 katta 5.
m 2
a
e

[=
ol ©

5
a %12. 4
I

yézeyin koyul akt éj ene vV e topl amd

g°stermektdegder i gbuallamuansué uiyl e anl ml & kKekil de
8.40 dejerinden 1 katta 11.320y (%34. 76 ar
12.020ye (%43.10 artékh yg&kjserlimikontrrolBehizmee
iken,3katuygulma sonucunda 23.176ye -ékarak %20. 93
ifadeederC* dejeri de arték g°stermik, 1. kat wuyg
%24. 17 oranénda RKdlkfelrmndtei ri.seArbcadkmumu uygl
azal ma g°zl enmiKk; kontr ol grubundaki 66. 3301

yakl akék %5.6406I1 ¢k bir azal ma g°stermixktir

bal mumu wuygul amal aréyl a ahkap mal zeemde |¢dzigriir
rapor edilmiktir (Ayata ve ¢amleéebel, 2024; P
ve Ayata, 2024).
¢izelge 4. Renk parametrelerine ait
Test By Ortalamg el ] HG SIEeE] Minimum | Maksimum Varyasyorj
Uy gul (%) Sapma Kat s g
Kontrol 61.29 - A* 0.52 60.58 62.08 0.85
1 1 kat 5555 | Z9. 3B 0.09 55.44 55.68 0.16
2 kat 54.09 | Z11.|C 0.35 53.68 54.70 0.64
3 kat 53.68 | Z12./D* | 0.48 53.07 54.57 0.89
Kontrol 8.40 - c* | 0.36 7.74 8.88 4.23
- 1 kat 1132 | §34.|B 0.25 10.82 11.60 2.25
2 kat 1181 | §40.|A 0.37 10.99 12.21 3.13
3 kat 12.02 | 943 .| A" 0.50 11.02 12.79 4.14
Kontrol 19.16 - D* | 0.31 18.55 19.64 1.61
b 1 kat 2140 | 911.|C 0.28 20.96 21.92 1.32
2 kat 2277 | 918.|B 0.30 22.19 23.18 1.34
3 kat 2317 | 920 .| A* 0.25 22.88 23.67 1.07
Kontrol 21.02 - D** | 0.39 20.10 21.55 1.87
- 1 kat 2421 | 915.|C 0.34 23.67 24.74 1.39
2 kat 2566 | §22.|B 0.39 24.77 26.11 1.52
3 kat 2610 | 924 .| A 0.32 25.40 26.47 1.23
Kontrol 66.33 - A* 0.78 65.20 67.50 1.18
- 1 kat 6212 | Z6. 3B™ | 043 61.56 63.00 0.69
2 kat 6258 | Z5. 4B 0.62 61.59 63.65 0.99
3 kat 6259 | Z5. 4B 1.00 61.03 64.27 1.60
¥l -¢m s dHpEéeskBomdj0enl i k Grubu, *: deerfd ey¢ Kk
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Beyazl éWFi)n deekfseir I(erine ait °1-¢m sonu-1areée (
odununa uygulanan bal mumu, y¢zey beyazl éejé ¢
Lif y°enWwhe dilk ¢l erde, koaltan|l bgyabuakai ade
bal mumu uygul amasénda 13.7106e (%28.67 azal m:
katt a 11. 180e (%41. 83 azal ma) d¢ K MEPKE ) r . B
°l - ¢ml erde de beyazl ék dejeg?erencexktdirk k ak
°rneklerinde 16.12 olan dejer, 1 kat wuygul ar
(%49. 01 azalma) ve 3 katta 8.6206ye (%46.53 a
¢i zelge 5. BwWylazde&jkern Inadreikrse it °1 - ¢m
Test UBaImumu‘ Ortalama et HG SIEIEED Minimum | Maksimum Varyasyorj
ygul i (%) Sapma Kat s g
Kontrol 19.22 - A* 0.23 19.00 19.60 1.22
e 1 kat 1371 | 228 .|B 0.19 13.50 13.90 1.35
= 2 kat 1152 | Z40.|C 0.12 11.40 11.80 1.07
3 kat 11.18 | Z41 .| D* | 0.20 11.00 11.50 1.83
Kontrol 16.12 - A* 0.18 15.80 16.30 1.13
Wi o Lkat 10.06 | 237 .|B 0.16 9.80 10.20 1.57
2 kat 822 | Z49.[D* | 0.08 8.10 8.30 0.96
3 kat 862 | Z46.|C 0.26 8.40 9.10 3.04
¥| - ¢m s dEdHoamojeh, i Kk Grubu, *: En yg¢kse
Parl akl ek dejerlerine ait °IDbDgm kanmaaj acé& @
uygul anan bal mumu, y¢zey parl akl éjénda °1I - ¢m
deji ki kliklere neden ol muktur. Parl akl ék de’
°czellikle 60A ve 85A a-élarénda ol dul)-a vyg¢k
°]l -¢mlerde 20A a-ésénda kar thruaru C°urymgeujl ia nba.s2e0n d
0.520ye y¢kselerek %160 oranénda arték g%ste
1.52 iken, 2 kat wuygulamada 4. 3406e -ékarak %
a-éda, 2 kat bapmumaklbggubdemaese DI 286den 5.6
-ok y¢ksek bir arték oranéna ul akmékter Lif
gezlenmiktir. ¥rnejin, 85A a-éda kontrol ©°rn
%1097.50at €K g°stermi ktir. 60A a-éda ise kontroc
-ékarak %138.7106lik bir artekla sonu-I|lanmeéxt
¢i zelge 6. Parl akléek dejerlerine ai:j
Test UB;tlrguumlua Ortalama D(eo/i)' HG Sé:;ii” Minimum | Maksimum \{fgat‘sioz
Kontrol 0.20 - B 0.00 0.20 0.20 0.00
o 1 kat 0.18 Z10.|[B* | 0.04 0.10 0.20 23.42
= 2 kat 052 | §160]A* 0.08 0.40 0.60 15.17
3 kat 048 | 9140][A 0.04 0.40 0.50 8.78
Kontrol 1.52 - D* | 0.15 1.30 1.70 9.71
UBo! 1 kat 2.02 932.|C 0.04 2.00 2.10 2.09
= 2 kat 434 | 9185 A* 0.16 4.10 4.50 3.64
3 kat 334 | 9119|B 0.16 3.10 3.50 4.72
Kontrol 0.28 - D* | 0.13 0.10 0.40 47.02
Ues 1 kat 100 | y257]|C 0.16 0.80 1.20 15.63
= 2 kat 562 |91907A* 0.29 5.20 6.00 5.09
3 kat 218 | 9y678|B 0.28 1.70 2.40 12.76
Kontrol 0.30 - C 0.00 0.30 0.30 0.00
€20 1 kat 0.20 Z33.|D* | 0.00 0.20 0.20 0.00
2 kat 0.40 9y33.|B 0.09 0.30 0.50 23.57
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3 kat 0.54 y80.|A 0.11 0.40 0.70 19.91

Kontrol 1.86 - D** 0.13 1.70 2.00 6.80

c60° 1 kat 2.07 gy11.|C 0.05 2.00 2.10 2.33

2 kat 4.44 g138|A 0.30 4.00 4.80 6.81

3 kat 3.58 y92.|B 0.15 3.40 3.80 4.33

Kontrol 0.80 - D** 0.00 0.80 0.80 0.00

e85 1 kat 1.58 yo97.|C 0.27 1.20 1.80 16.82

2 kat 958 |y1097A 0.92 8.40 10.70 9.58

3 kat 5.56 y595|B 0.25 5.20 5.90 4.58
¥| - ¢m s dEéesBomdijOenl i k Grubu, *: En y¢kg

Toplam renk farkl el ékl aréena ak*tdejemu-elrar 1¢i

bal mumu i1ile 6. 82, 2 kat balmumu ile 8.75 ve
aH* dejerl eri ise 1 kat balmumu ile 1.83, 2
ol arak bulunmuxktur. B ¢ tLE n drie@iegatf (naferansiag dahaa ma | a
koyua) , deej er |l er i poziti f b*( rdeefjeerra nesrtia np odzai htai fk &
sar e vikeejar |l er i pozitif (referanstaRendaha n
deji ktirme kritelr9l79r)i a(-Elsend@d3 sonu-1ara b:
uygul amal arée ile fAge¢-1¢ (6.0 ila 12.0)0 krit

¢izelge 7. Toplam renk farkl el ékl ar

Renkd e i kt i rm

Uygul amas| a* | aa* | ab* | a&C* | aH* | aE* (DIN 5033, 1979)
1 kat balmumu | -5.74| 2.92| 2.24| 3.19| 1.83| 6.82
2 kat balmumu | -7.20| 3.41| 3.61| 4.64| 1.79| 8.75 Ge-1¢ (6.0

3 kat balmumu | -7.61| 3.61| 4.01| 5.08| 1.81| 9.33

4. Sonu-lar ve ¥neriler

Bal mumu uygul amal ar e, daj karaajacé odununt
czerinde belirgin dejikikIlikler ydtratdmégerter .
de¢keratwebnh , dejerl eri artmékteéer. Beymazl,éek ziend e ki
.- kat bal mumu uygul amasénda bu azal ma daha
Daj karaajacé odununda bal mumu uygul amal ar én
yézeylerin korunmasé ve dekoratif ameki!l arl a
-al ékmal ar da, farkl é bal mumu terl eri Ve

°neril mektedir Ayr éca, daha uzun vadel

uygul amal arénén uzun sg¢reli etkileri i ncel en
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ABSTRACT

Thermal bridging at windowall junctions remains a critical challenge for building energy
efficiency, leading to increased heat loss and energy consumption. As energy regulations
become more stringent, minimising these losses is essential for sust&inddiley design.

This study presents a critical review of recent advancements in thermal bridging mitigation
strategies for glazed areas, focusing on glazing technologies;péifgrmance frame
materials, and optimised installation techniques. A systemaiglysis of the literature
highlights the potential of thifilm photovoltaic glazing, vacuum glazing with\thlues as low

as 0.2 W/(riK), and aerogefilled cavities, which can reduce thermal permeability by 45%.
Additionally, phase changenaterials and love coated multilayer systems contribute to
insulation improvements, while higberformance frame materials such as fibreglass and
composites, combined with thermal break systems, lower linear thermal transmittance by up to
80%. This reviewcritically evaluates the effectiveness of these solutions, comparing their
performance, limitations, and applicability in different climatic conditions. The findings
indicate that an integrated approach combining these technologies can significantlgeenhan

building envelope efficiency, providing insights for future research and regulatory frameworks
in sustainable construction.

Keywords: Thermal bridging, glazing technologies, energy efficiency, winga@il junctions
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1. Introduction

To meet the growingdemand for energgfficient buildings, contemporary architectural
practices increasingly prioritise tightly sealed and thoroughly insulated structures. Despite these
advances, energy loss caused by thermal bridges remains a persistent and signifieagechall
that undermines the performance of building envelopes. These localised weak points in the
insulation layer occur where materials with varying thermal properties intersect, creating
continuous paths for heat transfer that bypass the primary insusytsoem. A particularly
vulnerable location is the interface between windows and walls, where different construction
materials and techniques converge, making it difficult to maintain uninterrupted thermal
protection. Thermal bridges at windemall junctiors form due to the discontinuity of the
insulation layer and the presence of materials with high thermal conductivity, such as metals or
dense mineral components. Even in buildings with {pgtformance glazing, the overall
energy performance may be comprsed by ineffective junction detailing. Studies suggest that

up to 40% of heat loss through windows can be attributed to these connection points. This
substantial proportion highlights the fact that optimising glazing alone is insufficient unless the
framing and installation strategies are also addressed holistically [1,2].

Figure 1 illustrates critical interfaces in building envelopes, such agosathll, window-to-

wall, or doorto-wall connections, where thermal bridges commonly occur. These juncteons a
particularly problematic because they remain exposed to uninterrupted heat flow, even when
the broader surface is well insulated. From the frémrgdass transitions to windowsills and

door thresholds, every detail plays a role in either preservingomprmising thermal
continuity. As shown, even minimal gaps or poorly executed joints may result in heat escape
that contributes to increased energy demand and occupant discomfort.

Heat escape /

\
Door-to-wall

Figure 1. Thermal bridges at building interfaces.
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The effectiveness of insulation around window openings not only depends on material
properties but also hinges on workmanship quality during installation. Poor alignment,
insufficient sealing, and improper fitting of frames can all lead to significant redacio
thermal resistance, despite the use of advanced insulating components [3]. This underlines the
need to focus not just on the selection of kginformance materials but also on construction
accuracy and quality assurance at critical interfaces. Wiese aspects are overlooked, even

a building with thick insulation and doubtgazed units may suffer from heat losses through
narrow linear or point bridges, diminishing the expected energy savings [4]. Moreover, thermal
bridging is not just an energyfieiency concerd it has implications for the durability and

health of interior environments. These bridges often lead to cold surface areas that increase the
likelihood of condensation, creating favourable conditions for mould development and
structural deerioration. In winter months, occupants may notice unpleasant odours or visible
damp spots around windows, revealing the presence of poorly insulated contact zones. The
impact extends beyond comfort to letegm building performance and indoor air quajiy.

Addressing these issues requires an integrated design approach, where glazing, framing, and
surrounding wall elements are considered as a continuous system rather than isolated parts. For
instance, research indicates that enhancing the insulatirsgitapf both glass and frame
materials leads to significantly reduced heat transmission. Aluminium frames incorporating a
polyurethane thermal break between interior and exterior profiles have shown promising results
in limiting conductive losses acrossngow boundaries [6]. Likewise, embedded insulating
strips and carefully designed seals at junctions provide an effective barrier against linear heat
flow, contributing to an improved thermal envelope. As energy regulations become increasingly
stringent, liilding professionals are expected to deliver envelope solutions that perform not
only in laboratory settings but also under veakld construction conditions. This expectation

has driven innovation in glazing technologies, including the use of phasgechwaterials,
aerogeffilled cavities, and vacuum glazing units that reach thermal transmittance values as low
as 0.5 W/(rK). However, traditional window frames and installation systems often remain the
weakest link, with thermal transmittance valuesagifly exceeding 1.0 W/(fK), especially in
conventional doubleor singlelayered assemblies [7]. This mismatch between glass and frame
performance demonstrates the need for systea improvements.

European standards such as EN ISO 14683 provide atasisifi and numerical estimation for
common thermal bridges, including examples of linear and point bridges based -on two
dimensional thermal models. Nevertheless, -veald scenarios often involve complex
geometries and materials that exceed the simgiifiea found in standardised catalogues [8].
Especially at windowvall interfaces, unaccounted point thermal bridges can introduce
substantial errors in energy simulations and performance calculations. These gaps stress the
importance of projeespecific ewaluations, where material choice, geometry, and local climate
conditions are all taken into account. Another factor that complicates thermal performance is
the need for water drainage and structural robustness at the window perimeter. Metal sills and
braclets, while functional, tend to act as thermal conductors if not properly insulated. This
makes the base of the window a particularly vulnerable zone in terms of thermal continuity.
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Thermally broken sills, insulated covers, and clever mounting solutiobgiageintroduced as
mitigation strategies, aiming to maintain both energy performance and construction durability.

In conclusion, the thermal performance of windows depends not only on the properties of the
glazing but also on the comprehensive integrabb frames, joints, and adjacent insulation
layers. Improper handling of these transitions leads to pronounced heat losses, undermining
efforts to design lowenergy buildings. A successful mitigation strategy must therefore
incorporate both advanced maa¢s and precise installation methods. As this study will
explore, bridging the gap between theoretical performance andvoed application is
essential to reduce thermal bridging and ensure the-t&rng sustainability of the built
environment.

2. Literature Review

Thermal bridging in window systems represents a critical concern in contemporary building
design. This phenomenon arises at junctions where materials of differing thermal conductivity
meet, especially at windowall interfaces. It significaty undermines the overall energy
performance of buildings by creating unintended heat loss pathways. The literature highlights
various mitigation strategies that revolve around glazing technologies, frame materials and
installation methods. This review @grates findings from ten key studies to provide a coherent
overview of current knowledge.

Qin et al. [9] introduce a novel windewall junction design that enhances the thermal
performance of historic buildings without compromising their architectutagrity. Their
analysis demonstrates a 42.4 per cent reduct
formation time compared with conventional junction structures. Vorlickova et al. [10] employ

a conductive rod and heating resistance wire toasteVvocal surface temperatures in
doubleglazed wooden windows, thereby preventing condensation and mould formation. Their
results indicate that a 5 W' m heating el emen
uniform temperature distribution, redagi cold spots at critical junctions. Smusz et al. [11]

carry out numerical and experimental characterisation of PVC window frames reinforced with

met al stiffening profiles, achieving a 10 p
cavity insulation They report that linear thermal transmittance coefficients diminish by up to
9.7 per cent at the windowsill, 1.2 per <cent

Pomada [12] assess the impact of external wall material on witmall themal bridges

using thermal and moisture analyses, finding that correct installation of insulation reduces
annual heating demand by an average of 10 pe
panels in various internal geometries, revealing thetilar cavities exhibit the lowest effective

thermal conductivity and minimal bridging effects. Thesiie study by Choi et al. [14] uses

infrared thermography and simulation models to evaluate wingalvjunction performance,

observing temperature ditemc es of more than 20 AC near t he
on wooden frame position determines that pla
wall thickness minimises heat loss [15]. An experimental comparison of wooden, aluminium

and PVC fames with insulation barriers demonstrates surface temperature improvements from
4.1 AC to 15.1AC when wooden frames use an i
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thermal bridging effects of light steel frame walls using finite element metlshdwing that

insul ation applied externally to steel me mb
standarddased analysis examines the effect of fasteners on thermal transmittance,
recommending mini mum mounti ngingdffects[@8.ces of 1

Collectively, these studies demonstrate that both material choice and installation quality
profoundly affect thermal bridging. Novel junction designs and advanced insulating materials
offer clear pathways to enhanced energy performahoe.integration of heating elements
within frame cavities emerges as an effective, if enémggnsive, strategy for condensation
control. Conversely, passive measures such as optimising frame geometry and advanced cavity
insulation deliver sustainable mactions in heat flow. Reinforcing PVC frames with metal
profiles and filling cavities with insulants reveals the value of hybrid material solutions. Such
hybrid approaches leverage the structural benefits of metal while counteracting its high
conductivitywith insulation. In historic retrofits, however, maintaining architectural integrity
remains a paramount concern, requiring bespoke junction systems. Vacuum insulation panels
hold significant promise for new constructions, especially in circular geomttaieshinimise
bridging paths. These panels can be seamlessly incorporated beneath windowsills or behind
frames to target critical heat loss zones. Thermographic evaluations highlight the variability
introduced by ossite conditions and workmanship. Congently, standardised installation
protocols and rigorous quality control are essential to realise laboratory gains in situ. Precise
positioning within the wall assembly, sometimes within a narrow percentage range of wall
depth, can reduce bridging effeetthout additional materials. This insight underscores the
importance of earhstage design decisions in minimising thermal transmittance. Experimental
comparisons of frame materials reveal marked differences in thermal resistance and moisture
behaviour. Vdoden frames, when coupled with insulation barriers, consistently outperform
aluminium in surface temperature metrics. Light steel frame structures, though strong, require
external insulation to achieve comparable energy performance. Fastener placement and
connection details further influence local transmittance, emphasising the value of spacer design.
A holistic approach that considers glazing, framing, junction design and installation processes
is therefore imperative. Designers should select frame ralsterot only for their structural
attributes but also for their thermal interaction with glazing. Similarly, junction designs must
balance condensation prevention, structural support and thermal continuity. Future research
might focus on lowcost, scalablénsulation materials and improved modelling techniques to
support realvorld applications. Such advances will be critical in meetingzesd building

targets and improving occupant comfort across varied climates.

3. Mitigation Strategies

Thermal bridgesin windows, zones of higher thermal conductance at frame/glass and
wall/window junctions, can greatly undermine envelope performance. Research indicates that
optimising window placement and insulation can reduce annual heating demand by roughly
10%/[11]. Similarly, windowedge thermal bridges can account forabd@® 2 of a h o me
total heat loss [19]. In practice, this means that careful design of window location, frame
materials, and interface insulation is essential to minimise these losses.
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Conventionh gl azing systems clearly illustrate th
has a very high W al ue ( a°R)), Teflectiiy large heat losses. Converting to a
doublegl azed wuni't with a 1\2almume atio aEduaridov.esd G
increasing the cavity to 15 M#nFilingthe gapevdtu c e i t
argon (a heavier gas) i mpr o¥eMorepdvandeddesigasn c e t
improve insulation still more: for example, an uncoated tydeed univi t h a 16 mm a
gap yields a%)pwhile a®ogsf9i | IW/A( ngl azing ca&8h achi
(monolithic aer &y(granilar composité) [2d@].4TheseVigutesnshow how
high-performance materials in glazing can far exceed tleenthl resistance of standard
windows.

Figure 2 compares-Malues for traditional and advanced glazing systems. As seen, the simplest
singleglazed window has the highestWa | u e ( ~ %)), Witereas Wyatuorimsulated

glazing unit (with multiple lowemissivity coatings and spacer pillars) can achievealue

as | ow as K} b otBedwordd\Weglaging a common douplé azed system (
W/(m?K)) with this stateof-the-art vacuum glazing cuts heat transfer by roughly 92.9%. This
dramatic redction demonstrates that advanced window technologies can almost eliminate the
thermal bridging effect at the glazing itself [1].

Double glazing with 12 mm air

cavity
Double glazing with low-e coating

Double glazing with 15 mm air
cavity
Double glazing with argon
TIM glazing
Four-layer CdTe-based Vacuum
glazing .
Aerogel glazing
Smart glazing
PCM glazing

Granular aerogel double glazing

Figure 2. U-Value Analysis of Conventional vs. Modern Glazing Systems [1].

Beyond traditional glass, hybrid glazisglutions offer dual benefits. For instance, vacuum

PV glazing integrates thifilm photovoltaic layers into an evacuated gap. One s{ady
modelled and tested a felayer cadmium telluride (CdTe) vacuum PV window: it achieved a
Uvalue of al(ndKuwhile Glso8g@neratillg electricity. In practice, this system
reduced heat gain by up to 64% during cooling seasons in a cold climate. Such multifunctional
windows thus cut heat transfer and contribute power to the building. Likewise, applying
low-emissivity (low-e) coatings to glazing further lowers-dlues by reflecting infrared
radiationi they allow visible light in but reject heat, giving a significant performance boost
with minimal impact on daylight.

Transparent insulation materials (TIMs) arether promising approach. These combine strong
insulation with light transmission by inserting translucent layers (e.g. adiibgglpanels,
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plastic honeycombs, or structured polymers) between glass panes. Since the 1960s, TIM
glazings have been used scatter incoming daylight while providing excellent thermal
resistance. In practice, a TIM window will admit and diffuse light (improving comfort and
reducing glare) while greatly reducing heat transfer compared to plain glass. The main trade
offs are caet and complexity: for example, incorporating aerogel or intricate structures can raise
expense and may reduce optical clarity, so careful design and manufacturing are required.

Phasechange materials (PCMs) provide a different strategy. PCMs melt onfygadit
roomcomfortable temperatures, absorbing or releasing latent heat and thus buffering
temperature swings. In one rdalilding experiment [22], office windows with embedded PCM

were tested in a hot sunny climate. Over a full year, these PCM windpvifecantly reduced

transmitted solar gain during melting periods and cut HVAC energy use by abieif%22

compared to identical conventional douglazed windows. Laboratory te$&3] have shown

that adding a PCM layer (using paraffin wax, for instance) doubleglazed unit can reduce

peak interior temperatures by arouid®0 AC and yi el d a modest ( ~3
heating/ cooling energy. These results under/|
long-term stability and material eapsulation remain challenges for practical use.

Aside from glazing, the window frame itself must be addressed. Thermal breaks can be
introduced into frames by using insulating inserts (for example, polyurethane or foam strips
between metal sections) taenrupt heat flow. Designing frames with slimmer crsestions

also reduces the conductive area. When frame improvements are combined with advanced
glazingi for example, pairing a vacuuglass unit with a welinsulated frame or integrating

PCM panels ito a highperformance framé the combined effect on reducing heat loss is
maximised. In short, no single feature alone eliminates thermal bridging; the best results come
from synergistic combinations of frame insulation, coatings, and glazing technology.

Finally, window measures work best as part of a holistic retrofit strategy. For example, adding
vegetated fa-ades or roof gardens can furthe
exterior surfacef24]. Such green elements complement advancedomis, amplifying energy

savings and building comfort. In summary, the coordinated use of advanced glazing systems,
high-performance frames, and auxiliary measures is essential to minimise thermal bridging. As
energy standards become more stringent, appiyiese windowevel solutions will be critical

for achieving sustainable, energificient building envelopes.

4. Conclusion

Mitigating thermal bridging in window systems remains a central challenge in achieving low
energy and sustainable building perfamoe. As demonstrated throughout this study,
significant thermal losses occur not only through the glazing itself but also at the junctions
between window frames and wdllzones that frequently suffer from inadequate insulation,
flawed installation practes or suboptimal material combinations. Addressing these weak
points is therefore essential for improving overall envelope efficiency and reducing operational
energy demands.
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A wide range of advanced technologies now offer promising pathways to minimlséeat

transfer. Among these, vacuum glazingwittvlh | ues as | JKyhaa showd th€ 0 w/
most substantial gains, outperforming traditional double glazing by nearly 93% in terms of
thermal resistanc0,25] Vacuum PV glazing extends these besdfiy incorporating solar

energy generation without compromising insulation, contributing to both passive and active
energy saving$21]. Likewise, phase change material (PCM) glazing demonstrates notable
potential for reducing indoor temperatuflectuations and HVAC reliance, especially in

climates with pronounced diurnal shiff2,23] Meanwhile, thiafilm coatings and transparent
insulation materials enhance glazing performance without compromising daylight access,
making them wetbuited to etrofits and new constructions aligg6,27]

Nevertheless, the effectiveness of these glazing systems is tightly coupled with frame design
and installation quality. Thermal breaks, higBulation composite frames, and narrpwofile

designs all contribetto the reduction of heat flow through window structfité$ In addition,

correct frame placement relative to wall thickness and the use of proper sealing methods have
been shown to decrease linear thermal transmittance by up tfl8D%hese strategs, when

applied collectively, present a comprehensive approach to achievingareanergy window
systems.

Importantly, no single intervention alone is sufficient. Only by integrating-payformance

glazing, optimised frame materials, intelligent aogs$, and precise installation can the industry

deliver durable reductions in heat loss. Moreover, aligning window system innovations with
broader fa-ade enhancements, such as vegetat
these gainf24].

As buiding regulations continue to evolve in response to global sustainability goals, these
technologies and methods will become increasingly indispensable. Future research should
prioritise costeffective, scalable solutions and rearld performance validain to support
widespread adoption. Through a detailed understanding of thermal bridging phenomena and
their mitigation, this study contributes to the growing body of knowledge aimed at
decarbonising the built environment and meeting the ambitious enafgynpence targets set

for 2030 and beyond.
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ABSTRACT

Buildings are responsible for nearly 40% of global energy demand, with a considerable share

of this consumption attributed to heat losses through the building envelope. Th@daneyf

largely stems from the inadequate thermal resistance of traditional construction elements, which
facilitates excessive heat transfer. In light of the environmental impact offiosisilerived

energy, there is a growing urgency for affordable aodconscious strategies to minimise

thermal losses. This research explores the transformative potential of insulation plasters not
merely as auxiliary layers but as core thermal regulators in contemporary construction. Full
scale field experiments are a@hrcted under realistic conditions using four distinct wall
assemblies, each incorporating 2 cm of plaster internally and externally: (i) standard plaster on
conventional briquette (4.41 W m]K), (i) S
bamboo( 6 W/ m]) K), (iii) insulation plaster on c
insulation plaster on bambaonr i ched briquette (1.495 W m|] K)
application of biebased fibres such as bamboo and the deployment of adversceating

plasters significantly elevate thermal performance. In elements prone to high heat conduction,
this combination yields up to a 55.6% improvement, showcasing a major step towards improved
energy efficiency. This work confirms the feasibility afhéeving meaningful reductions in

energy use through leeost and practical interventions, highlighting the pivotal role of
sustainable materials in meeting the carbon neutrality objectives set for 2030 to 2050.

Keywords: Carbonneutral buildings, Higefficiency envelopes, Thermal render, Bamboo
fibre integration, Heat transfer reduction
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1. Introduction

In the face of intensifying climate change and an -gvewing global population, the world
continues to rely heavily on fossil fuels despite the inengamterest in renewable energy
sources. This persistent dependence stems from the fundamental human need for shelter and
comfort, needs that demand substantial amounts of energy for heating and cooling buildings
[1]. As populations rise, so does the dech#or energy, outpacing the growth of clean energy
infrastructure and further fuelling greenhouse gas emissions. The consequences are now
unmistakably evident: irregular seasonal patterns, extreme weather fluctuations, and record
breaking temperatures hatiecome the new norm across nations. Buildings, as the cornerstones
of human habitation, are at the heart of this energy conundrum. Their consumption accounts for
a significant share of national energy use, approximately 40% in the UK [2], 33% in Algeria
[3], 36.3% in China [4], and a projected rise from 26% to around 40% in India by 2040,
reflecting the expected surge in population and urbanisation [5]. These alarming figures
underscore the pressing need to reassess the energy performance of Buildings
monolithic structures but as complex systems with multiple layers and vulnerabilities. The rapid
urban densification of recent decades, driven by land scarcity, has led to the widespread
construction of higkrise buildings, particularly in densely pdated regions. As Cuce et al.
highlight in their study, energy losses in such buildings are substantial, with approximately 40%
of heat escaping through external walls and another 30% through windows [6]. Consequently,
research efforts have primarily fo@gs on improving facade insulation and glazing
technologies. Yet, external walls pose unique challenges of their own; being directly exposed
to environmental extremes, they require not just thermal resistance but also durability and
resilience against weathing [7,8]. Traditional insulation materials have long been employed

to improve thermal characterisation, yet many face limitations in practical applications due to
fire hazards, environmental concerns, and inflexibility in lesg@e retrofits. Thesenitations

have shifted the focus of research toward advanced thermal insulation solutions such as super
insulating materials, thermal insulation plasters, and-ceoscious composite systems.
Aerogels, for example, have demonstrated exceptional thernstbree and ultréightweight
performance even at minimal thicknesses, making them highly effective in experimental
settings. However, their high cost remains a significant barrier to widespread adoption [9]. In
contrast, thermal insulation plasters areesging as a promising alternative, offering a balance

of low density, high thermal resistance, ease of application, and fire resilience. Their
adaptability has opened new pathways for integrating them into existing construction practices
[6]. Moreover, thegrowing interest in bidased additives introduces a synergistic potential,
leveraging natural fibres such as hemp, flax, straw, and other agricultural residues not only
enhances thermal insulation through their fibrous microstructure but also conttiutaste
reduction and circular economy goals [10]. Despite concerns regarding biodegradability and
long-term durability, advancements in treatment techniques are progressively addressing these
challenges. Integrating agricultural waste into construanaterials represents a mutualistic
solution: it alleviates the burden of waste disposal for governments while enriching building
materials with sustainable properties, often at no extra cost. Thus, the next generation of energy
efficient construction mustmbrace this synergy between innovative insulation plasters and
bio-based additives, moving beyond conventional methods to create buildings that are not only
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more thermally efficient but also aligned with the principles of environmental stewardship and
sudainable development.

Building on these developments, Elkhayat et al. [11] evaluate the thermal performance and
energys avi ng potenti al of five insulation mater
climate. According to their findings, extrudigolystyrene (XPS) offers the highest energy
savings (9.72%) and the longest indoor thermal comfort duration (33%) without mechanical
cooling. Similarly, Kamble et al. [12] investigate the thermal performance of pbrakswalls

with green insulation,ighlighting the effectiveness of a brick composed of 75% clay, 6.25%

rice husk ash, and 18.75% fly ash with 30% porosity in significantly reducing heat transfer.
Their results indicate a 57.15% reduction in building heat load, offering substantial energy
savings and supporting sustainable construction practices. In addition, Cuce et al. [6] explore a
novel thermal insulation plaster enriched with natural components like expanded perlite and
boron minerals, aiming to improve the energy performance of caomahtriquettes. The

study reveals that increasing the plaster thickness significantly reduces heat transfer, with the
best results achieved using the thickest application due to the enhanced thermal resistance
provided by its porous internal structureofover, Messahel et al. [13] investigate the thermal
performance of lowcost wall panels incorporating plastic bottles filled with waste materials.
Among the tested samples, the panel filled with crushed plastic bags achieves the lowest
thermal transmittace (1. 58 W/ m] K) , indicating the hig
its low compressive strength presents a challenge for practical construction use. Furthermore,
Abdullah and Ibrahim [14] demonstrate that incorporating natural cellulose fibresal&om
sugarcane residues into cement mortar significantly enhances thermal insulation and reduces
energy consumption. The highest fibre concentration achieves a 47.2% drop in heat transfer
and cuts energy use and CO espetiielg Likewmise, Eby up
Lawindy et al. [15] reveal that integrating sugarcdeéved cellulose fibres into clay bricks
significantly boosts thermal insulation, leading to a 44.7% reduction in heat transfer and a
39.1% drop in heatingelated electricityse. The highest fibre concentration results in a 63.3%
decrease in CO emi ssions, highlighting the
efficient residential construction. Finally, Cuce et al. [10] demonstrate that adding bamboo fibre

to briquettes significantly enhances thermal insulation, with 6% fibre content achieving a 49.9%
improvement in thermal resistance over conventional samples. This pioneering study highlights
bamboobs promising potenti alenargyeffeciensancksldwa i n a b |
carbon buildings.

Against this backdrop, the present study aims to investigate the standalone thermal performance
of insulation plasters when applied to both conventional anétii@anced masonry elements
under realorld conditions. By combining novel insulation plasters with sustainable additives
such as bamboo fibres, this research moves beyond labesatiey simulations to explore
practical, scalable solutions for enhancing thermal resistance in building envelopes. The
expermental approach, which involves hgtale wall prototypes exposed to natural
environmental conditions, allows for a realistic evaluation of thermal transmittance across
different material combinations. Through this, the study not only demonstratesehéghatf
costeffective and ecdriendly plasters to reduce heat transfer but also underscores their
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viability as independent thermal solutions, especially critical for-b@iductivity structural
elements. In doing so, it contributes valuable insigbtshe growing body of research on
sustainable construction materials and supports the broader transition towardeffeaegy,
low-carbon buildings in line with global climate targets.

2. Material and Method
2.1. Materials and Sample Preparation

This stidy explores two sustainable strategies to enhance the thermal performance of
conventional briquettbased masonry elements: the external application of a nov&iecdly
insulating plaster and the internal modification of briquette composition usingphbamboo

fibres. The first method involves an innovative, environmentally conscious plaster that
complies with international fire safety standards (TSE EN 1350possessing an Al fire
resistance classification [16]. Designed for multifunctional iiggpvides effective insulation
against heat, moisture, sound, and fire. The material consists of expanded perlite, a small
amount of borotbased colemanite mineral, polymer fibre, and a binding agent. Its lightweight
and porous structure promotes bradility and helps prevent mould, dampness, and fungal
growth. The plaster exhibits a thermal conductivity of 0.13 W/mK and an average density of
approximately 950 kg/f It also represents the first patented use of bbased insulation
material inTurkey. To prepare the mix, 20 kg of dry plaster is combined with 20 litres of water
and mixed for approximately five minutes until a homogenous consistency is achieved. The
mixture is applied to both the internal and external surfaces of the briquettesyd a dual

layer application with a thickness of 2 cm on each sid2 ¢@nfiguration). After application,

the samples are left to dry under ambient conditions to ensure surface integrity and adequate
bonding. The second approach improves the therropkepties of the briquettes themselves by
incorporating 6% bamboo fibre into the mix. Although most existing research focuses on the
mechanical performance of bamboo, its thermophysical potential remains underexplored.
Bamboo demonstrates excellent insaatcapabilities, attributed to its fibrous structure, which
results in a thermal conductivity of approximately 0.30 W/mK [10]. While laminated bamboo
shows higher conductivity than timber, it still maintains thermal stability and withstands
temperatures up o 4 0 0 iBCmirfutesr [10]2 1A the preparation process, the required
guantities of cement, sand, gravel, and bamboo fibres are carefully weighed, with aggregates
sieved using an 8 mm mesh to meet the standard particle size distribution. Thesdsnaaieri
gradually mixed in a mortar machine to ensure even distribution. Water is added progressively
to achieve the desired consistency. Once the mixture reaches homogeneity, it is transferred into
oiled moulds measuring 15 arensuldjected3o medhanital 33 ¢
vibration to eliminate air pockets and ensure proper compaction. The samples are then cured at
room temperature with periodic moistening to prevent cracking. After the curing period, the
briquettes are removed from the mouldsl grepared for testing. These two approaches,
external plaster application and internal bamboo integration, offer sustainablgximon
solutions to improve the energy efficiency and thermal insulation properties of traditional
construction materials.

2.2 Experimental Design and Sample Grouping
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This study investigates the thermal performance of four different wall configurations that
represent realistic building applications with both conventional antbdsed materials. The

aim is to compare the effectd plastering type and bamboo fibre incorporation on overall
thermal resistance. The configurations are as follows: (i) a traditionally plastered conventional
briquette, (ii) a traditionally plastered briquette enhanced with 6% bamboo fibre by weight, (ii

a conventional briquette coated with an insulation plaster, and (iv) a baanbaaced
briquette (6%) coated with the same insulation plaster. Each combination reflects a potential
wall system used in reéife applications and allows for a comparati@ealysis of thermal
efficiency. The selection of configurations enables the evaluation of how much improvement
in thermal behaviour can be attributed to the bamboo reinforcement, the insulating plaster, or
their combined use. Figure 1 illustrates the schtemmepresentation of the four configurations,
clearly labelling each layer and showing the materials used across the setups.

Insulated plaster on
conventional briquette Traditional plastered
& ¥ 6% bamboo briquette

&8,
conventional briquette Gt » [
% : .\"J I’" :
A Insulated plaster on

6% bamboo briquette
o

Traditional plastered

-

Fi gdreSchematic representation of the four

2.3. Coheating Test and Theoretical Evaluatiodpproach

The coheating test is a widely recognised method used to assess the overall thermal performance

of building envelope components under near stestale conditions. In this study, a laboratory

scale coheating test is conducted to evaluate the #h@erformance of two types of masonry

wall samples: one coated with a thermal insulation render and the other produced with 6%
bamboo fibrereinforced briquettes. The test setup replicatesweald thermal boundary

conditions within a controlled envirarent. A 1 niinsulated hot box is constructed using 4 cm

thick XPS insulation panels on all six sides to minimise heat loss. Each wall sample is centrally
embedded within one face of the box. The in
thermost&controlled electric heater, while the surrounding environmental chamber simulates

NT =



\ LONFEREY,
& Sy

&

o

ERZURUM 1ST |I NTERNATI ONAL CONFEREBOBKON APPLI
May-19, -ERZIIRUM
I SBN IrG 259 &2

KCADE gy Y
Xr

D

the external environment, mai ntained at | ea
accordance with coheating test standardsypg& thermocouples and heat flux sers are

placed on the inner and outer surfaces of the sample to monitor thermal conditions, with data
recorded at econd intervals. A thermal imaging camera is also used to detect any potential
thermal bridges and verify the airtightness of the setigur€ 2 illustrates the experimental

setup of the coheating test used in the laboratory.

5

Figdrea) Conceptual depiction of the experi ment:
view of the measurement equi pheéentstirratteé @gmatheé d hil n
interior thermal environment of the te

Unlike conventional implementations of the coheating test where the thermal resistance (R
value) is derived from measured heat flux and temperature gradient, in this stuyyatue

of each wall is theoretically calculated using the material layer thicknesses (L) and their
corresponding thermal conductivity values (k), according to the equation:

R=t (%)

The U value of the sample is then obtained asdbiprocal of the total thermal resistance:

U=s53 2)

In the second stage of this study, the experimentally derived R values are applied to evaluate
four different theoretical wall configurations that represent realistic facade systems. These
configurations are selected to reflect practical construction scenarios in which the tested
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samples may serve as infill materials or as components oflaygtied wall assemblies. Each
configuration is modelled using a edanensional steadgtate thermalrealysis approach, and

the overall U value of the full facade is estimated by incorporating additional layers such as
interior plaster, exterior finishes, air gaps, and insulation, where applicable. This enables a
comparative analysis of thermal performareween conventional and alternative facade
designs under standardised conditions. By integrating experimentally obtained thermal
properties into theoretical facade assemblies, the study aims to bridge the gap between
laboratory testing and realorld appication, thereby providing a more holistic understanding

of how materialevel enhancements contribute to sysierrel energy efficiency.

3. Results and Discussion

3.1. Comparative Thermal Analysis of Insulated and Bieribre Reinforced Briquettes
Under Experimental Conditions

Experimental studies reveal that among all samples,-thpl&@sterinsulated briquette exhibits
the most effective thermal insulation performance compared to conventional briquettes. The
internal surface temperature for this specimeanges from 24. 92AC to

external surface temperature varies between

conductivity, the 22 briquette sample reaches higher indoor temperatures and creates the
greatest temperature differera@oss the wall section. The heat flux for this sample is recorded

bet ween &.10d4dm®d WY .mMB 80 Wiwint h an av éri®indcatmg 0. 21

a significant reduction in heat transfer. Correspondingly, the U value range8 froth8 KW/ m
to 19.2B5 Wimh an av e’ algi®e repeesents2an 8nprowshment of
approximately 47.9% compared to the conventional briquette. These results, validated by high
precision heat flux sensors, demonstrate the energy efficiency pbtentias construction
material.

Similarly, the briquette enhanced with 6% bamboo fibre also shows notable thermal
performance amongthe bma s ed composites. The internal

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI

£

t

to 28.77AC, averaging dadtempeérat7A€Ceswhiakg f he

15. 63AC, with a mean of 14. 89AC. Thaed heat

1.507, Wwimt h an av e’Baspdon thése MeasdirnmentdVtherJ value of the
6% bamboo fibre briquette is calculated to beragipately 17% lower than that of the 4%
bamboo briquette and about 33% lower than the 2% bamboo sample, indicating a consistent
improvement with increasing fibre content.

When comparing the two higherforming samples,-2 plastefinsulated briquette an@%

bamboo fibre briquette, it becomes evident that both contribute significantly to thermal
performance enhancement. However, th2 Rlastered briquette outperforms the bamboo
reinforced version in terms of both lower average heat flux and better U redling it more
effective at reducing heat transfer. On the other hand, the bamboo fibre briquette stands out as
a sustainable alternative, offering reasonable insulation with natural material benefits. This
comparison highlights that while conventionalthels like external plastering yield superior
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insulation, biebased approaches like bamboo reinforcement hold promising potential for eco
friendly building applications.

3.2. Theoretical Evaluation of Building Envelope Configurations Using Conventional and
Bio-Based Briquette

The theoretical assessment of thermal transmittance across four distinct wall configurations has
revealed insightful correlations between material composition, surface treatment, and overall
thermal performance. As demonstrated, the aof thermal insulation plaster significantly
outperforms traditional plaster in reducing U values, regardless of whether the substrate is a
conventional or bidased briquette. A clear divergence is observed between theoretical and
experimental results ithe case of the conventionally composed wall coated with thermal
insul ation plaster. While the t2.ehecobeatng a | U
test reveal ed a hi gher ?KeThip difierencesisiattriblited toahe u e o f
simplified assumptions inherent in theoretical calculations, which consider only conduction as
the mode of heat transfer and assume homogeneity within the material structure. In contrast,
experimental evaluations inherently capture all heat transfer megtgnisicluding
conduction, convection, and radiation, as well as the influence of microstructural imperfections
such as air gaps, voids, and interfacial resistance. The results highlight the limitations of relying
solely on theoretical models when evalugtiwall assemblies under reabrld conditions.
Moreover, the incorporation of 6% bamboo fibre into the briquette matrix notably improved
thermal performance. The third and fourth configurations, which utilise the bamaindorced
briquettes, achieved Uhau e s o f 2K2 as @& W/ Kgréspectimtly ndepending on the
surface coating used. The bamboo fibre's porous nature and its potential to create internal micro
barriers against heat flow are likely contributors to this improved insulation behaviease T
results suggest that blzased additives can serve not only as sustainable material alternatives
but also as functional enhancers of thermal efficiency. Surface treatment plays a substantial role
in the thermal behaviour of all configurations. Thetstwfrom traditional to thermal insulation
plaster on the same substrate consistently resulted in markedly lower U values. This
demonstrates that improvements in thermal performance can be achieved not only through
changes in the bulk material but also sisfacelevel strategies, which are often more feasible

in retrofitting scenarios. These findings underscore the synergy between material innovation
and passive design strategies in creating thermally efficient facade systems. The data supports
the integation of bicbased materials and advanced plaster formulations in sustainable
construction practices, particularly for climates where thermal insulation is critical.
Furthermore, the use of experimentally validatedaRies in the theoretical calculations
strengthens the reliability of the model and reinforces the importance of hybrid analysis
approaches that combine laboratory andiin perspectives.

The detailed thickness (L) and thermal conductivity (k) values used to calculate the thermal
resistanceR) of each material layer within the wall assemblies are summarised in Table 1.
These values offer a materlalvel understanding of how each layer contributes to the overall

U value, reinforcing the correlation between layer composition, insulationgstrared thermal
performance.
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Tabl e Summary of Wal/l Configurations and Correspo
Config. . Thermal conductivity =~ Thermal resistance
no. Layer Thickness, L (m) (W/mK) (M2K/W)
1 Traditional 0.02 0.87 0.023
plaster
1 Conventional 0.15 0.83 0.181
briquette
Traditional
1 plaster 0.02 0.87 0.023
Total R - - 0.227
U value (1/R) - - 4.41
2 Insulation 0.02 0.13 0.154
plaster
2 Conventional 0.15 0.83 0.181
briquette
Insulation
2 plaster 0.02 0.13 0.154
Total R - - 0.488
U value (1/R) - - 2.05
3 Traditional 0.02 0.87 0.023
plaster
3 6% bamboo 0.15 0.4155 0.361
briquette
3 Traditional 0.02 0.87 0.023
plaster
Total R - - 0.407
U value (1/R) - - 2.46
4 Insulation 0.02 0.13 0.154
plaster
6% bamboo
4 briquette 0.15 0.4155 0.361
4 Insulation 0.02 0.13 0.154
plaster
Total R - - 0.669
U value (1/R) - - 1.496

4. Conclusion

This study explores the synergistic thermal performance of innovative insulation plasters and
bamboo fibreenhanced briquettes undezalistic conditions to support the development of
energyefficient, low-carbon buildings. By employing both ftdtale experimental tests and
theoretical modelling, the research provides a comprehensive evaluation of how surface
treatments and bibased raterial integration influence thermal transmittance in masonry wall
assemblies. The findings reveal that insulation plasters are not merely auxiliary elements but
can serve as standalone solutions in improving fatzadg energy efficiency, while bamboo
integration offers a viable path towards sustainable material innovation. The importance of this
study lies in its practical approach to reducing building energy loss througtokinscalable,

and environmentally responsible means. By bridging laboratesylts with reatvorld
implications, it offers actionable insights for both new constructions and retrofit scenarios,
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aligning with global climate goals for the built environment. Key highlights from this research
include:

X The use of 2 cm extermal amguRation pl asc
i mprovement in ther mal performance compared
its strong potential as a standalone solutio
X l ncorporating 6% bamboo fibreerifnotromahbhc kg
significantly, with a 33% reduction in U Vve
highlightinQrieéeésdryl|l matit ariealo devel opment .

X The most thermally efficient configuratio
and badmboes, achievingdgK aardd vaaH awvec adi rig 4t96e W/ ¢
solutions in sustainable construction.

X Theoretical U values are gquite <closely
especially when real R healmedashoameé ogpphi edob
hybrid evaluation approach.

X The dual strategy, using both novel pl ast

fi-gefe alternative for retrofitting existing
regiuomtis cruci al

X The wuse of agricultural waste (bamboo)
circularity in construction, and provides a
synthetic insulation materials.

X I n upcomi ng rmeodealricihng af rhaymbewar k wi I | be ¢
with artificial intelligence tools to -simula
enhanced plaster systems under various <c¢l i ma
to eurtbhhi dge the gap between materi al desi

forecasting.
References

[1] Shahee, A., Abdoos, M., Aslani, A., & Zahedi, R. (2024). Reducing the energy consumption
of buildings by implementing insulation scenarios and usemewable energies. Energy
Informatics, 7(1), 18.

[ 2] Al vur , E., Ana-, M., Cuce, P. M., & Cuce
in Enhancing Energy Efficiency in Existing Buildings: A Comprehensive Review. Sustainable
and Clean Buildings, 485.

[3] Rais, M., Boumerzoug, A., & Baranyai, B. (2021). Energy performance diagnosis for the
residenti al building fa-ade-142n Al geri a. Pol |

[4] Tan, J., Peng, S., & Liu, E. (2024). Spatemnporal distribution and peak predict of
energy consumption and carbon emissions of residential buildings in China. Applied Energy,
376, 124330.

NTT



\ LONFEREY,
o £y P

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19l, -ERZSJRUM
I SBN IrG 259 &2

hCADE gy,
&,
8

ETT

D

[5] Christopher, S., Vikram, M. P., Bakli, C., Thakur, A. K., Ma, Y., Ma, Z., ... & Singh, P.
(2023). Renewable energy potential towards attamménetzero energy buildings staites
critical review. Journal of Cleaner Production, 405, 136942.

[6] Cuce, E., Cuce, P. M., Alvur, E., Yilmaz, Y. N., Saboor, S., Ustabas, I., ... & Asif, M. (2023).
Experimental performance assessment of a novel insulplaster as an energfficient
retrofit solution for external walls: A key building material towards low/zero carbon buildings.
Case Studies in Thermal Engineering, 49, 103350.

[7] Ustabas, I., Cuce, P. M., Alvur, E., Kesepara, D., Yilmaz, Y. N., (Gauc& Alshahrani, S.
(2024). Fire retardation, compressive strength and durability analysis of concrete reinforced
with novel plasters: An experimental, computational and statistical research. Case Studies in
Thermal Engineering, 55, 104156.

[8] Kaptan, M., Ustabas, I., Cuce, E., Mert Cuce, P., Alvur, E., Saxena, A., ... & Bouabidi, A.
(2025). Structural and Mechanical Performance Characteristics of Construction Plasters with
Different Material Compositions and Advanced Geopolymerization. Jomiamal of Civil
Engineering, 19(1).

[9] Cuce, E., Cuce, P. M., Wood, C., Gillott, M., & Riffat, S. (2024). Experimental investigation
of internal aerogel insulation towards low/zero carbon buildings: A comprehensive thermal
analysis for a UK building. Suahable and Clean Buildings;2P.

[10] Cuce, P. M., Alvur, E., Cuce, E., Alshahrani, S., Prakash, C., Tan, H., & Ustabas, I. (2024).
Unlocking energy efficiency: Experimental investigation of bamboo fibre reinforced briquettes

as sustainable solution wigmhanced thermal resistance. Case Studies in Thermal Engineering,
60, 104680.

[11] Elkhayat, Y. O., EImozy, S. A., & HDarwish, I. I. (2023). Selecting the Optimal Thermal
Insulation Material for a Residential Building Envelope in Cairo in Consideratiofihe
Thermal Comfort and Energy Consumption. Journal of Sustainable Architecture and Civil
Engineering, 33(2), 12232.

[12] Kamble, G. S., Upadhye, A. V., Bhise, R. R., Yammi, N. V., Kumbhar, D. P., & Panwal,
N. G. (2025). Study of Heat Transfer ThrouBlrousBrick Wall with Green Insulation
Developed for Sustainable Infrastructure. Materials Circular Economy, 7{1), 1

[13] Messahel, B., Onyenokporo, N., Beizaee, A., & Oyinlola, M. (2022). Thermal
characterisation of composite walls made from wasteenals.

[14] Abdullah, A. A., & Ibrahim, M. A. (2022). The Effectiveness of a Simulation Model of
Thermal Insulation in Building Materials Using Cellulose Extracted from Agricultural Waste
in Baghdad. Journal of Engineering (17264073), 28(12).

[15] El-Lawindy, A. E. R., Abdelkader, H. H., ABDULLAH, A. A., Khalil, M., & Abobakr, S.
M. (2024). The Role of Agriculture Waste in Achieving High Efficacy in Residential

NTY



\ LONFEREY,
&) “,

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-191, -ERZ3JRUM
I SBN IrG 259 &2

MAD[,W
&,
8

ETT

D

Sustainable Buildings in Egypt. International Journal of Industry and Sustainable Development,
5(2), 8394.

[16] Turkish Standards Institution. TSE EN 138D1Fire classification of construction

products and building elemeritsPart 1: Classification using data from reaction to fire tests.
Ankara: TSE 2019.

NT ®



\ LONFEREY,
o £y "

hCADE gy,
&,
8

ETT

D

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19l, -ERZSJRUM
I SBN IrB 259 &3

ADANA M} ZE KOMPLEKSHWENESKCAT FABRKKASI NI N YEI

Yé¢ksek Lisans ¥jJrenci si Krem CKNGY¥
Ccukurova | niversitesi Fen Bilimler:. Enst
iremcingoz@outlook.corn0000:00028821-3769

Dr . ¥Jr. lyesi Mustafa Yejin
Cukurova ;niversitesi Mi mar |l ék Fakg¢l t
myegin@cu.edu.tr 0000-:000200256589

¥ZET

CPLIA P AyalyflNPYy | YNN 2f Rdz&dz IA0A &I LIPt I NPY
AO0f SOAYA @AaNBYy @S Ul Al1aSt 2t NF] @PLNIYIlY
FYFOPetl (2L dzralt FlFeaRlI 3IITySSYtSANBEG A NI ST NSyt
ol €t YRIES @SYARSYy A0t S@Ot SYRANXYS @S @&SyARSy
YNRFEKIfS adNGS2At SNAE &l LJPétk F&a3aFNA RNI SeRS
12NHzy Y APy P @S dz2 AP/ S REMNSYSADY S IR SRE KBS ¥ 8ji NS
¢ NAKaSt @S YAYIFNR RSESNBt daf K ALY | S yRRON/EIISNGAA &3

8SYARSY A0t SOt SYRANAREYS{GS @S 11SttA1tS ISy
KFEFOAYEA EFyfl NP Xl eBIAAYREH A2 Edfy$ @4 $ MR eYINS G
1FTFYRPNPEYF]TGF RPN . dz R2ENYz (GdzRFX mpnTt &@PEfP

2f RdzEdz SYRNauGNAR&eSt (AYEA]l AfS {SydS RSESNI {1}
TE1 SGloPN¥Yngul &Pt RPRAASIObAALIY HAHOQOS GF YL Y
Y2YLX S1TaAT NJS2t22Aax (Syiduz OGFNPYZ &alyleas
ol ft NYE SNA AftS T Sy3aAy O6ANI AeSNA| &dzyYl {1dl RPN
FalfteS ol ftPOYFEFNP @S {Nf GNNBt SGlAYyftA1LfSNIS
.dz cel t POYLF (FLAFYPYRIZT all {(2ydzadz @ LIP | Ny S¢
YNI S @8SNISO61SaAyYRS |ty 1 dzZOtPI yIBY BINIA qt S | Ry
A0f SBAOAYS SU1AfSNAYAY FyFfAT A & LIPf YPO GNI

Anahtar Kelimeler: Yeni den Kkl evlI endi r me, Endg¢stri Mi r
Mensucat Fabri kasé, Ad®owmatejleNl¢ ze Kompl eksi, Ko

NYM


mailto:iremcingoz@outlook.com
mailto:myegin@cu.edu.tr

\ LONFEREY,
o £y "

ERZURUM 1ST | NTERNATI ONAL CONFEREBOBKON APPLI
May-19l, -ERZSJRUM
I SBN IrG 259 &2

hCADE gy,
&,
8

ETT

D

ADANA MUSEUM COMPLEX: THE NEW F UNCTION OF THE NATIONAL
TEXTILE FACTORY

MSc Student Krem CKNG¥Z
Ccukurova University, l nstitute of Natur al ar
iremcingoz@outlook.corm0000-:00028821-3769

Asst . Prof . Mustafa Yejin
¢ukurova University, Faculty of Architec
myegin@cu.edu.tr 0000-:000200256589

ABSTRACT

S LIS2LX S o0dzAft RAy3a KIFI@S + fAYAGSR f
G GKSAN)I TdzyOe2ya |yYyR 06S02YS LXKeaAOl
0SySUGEZ Ay 2NRSNI G2 LINBaASNDSHKMND | 2 WEYRNE AW
A0NY 0S3aAASE RSOSE2LISR gAUGKAY GKS FTNIYSg2N] 27
A0NHzZOGdzNBE 4G F YAYAYdzy £ S@Sf> LINBASNWS AdGa S
F LILINB LINR F S &adzZlJLI2 NI FdzyOea2yad

LYRGNAFf o0dAf RAYIa gAUK KAHIZNBIAYESRI §R ORPRA
oFlflyOS 2F O2yaSNWlIasa2y YR dzaSZ YR IINB Y2ai
SEKAOAa2Yy TFdzyOe2yas G(GKIyla (23a8KEYRI K¥d&NO2
FNBlFaod Ly GKA& NBIFNRI !'REYyl ble2yltf ¢SEaf$S
Yy20S82NIKe aidNHzOGdz2NE GKIG FRRa @FfdzS G2 GKS
¢KS ! RFYyl adzaSdzy / 2YLX SEX gAIGKR AlIGEE UNRIGT && I &

' LINAEf HAaHOX FSIF{ddzNBa || NAOK O2yiSyd 2F GKSY!
KAZG2NBS | ANROdzZ GdzNBX AYRdzAGNEBIZ LJ2 LJdzt | NI Odz
KFda 3JFAYSR | Reéeyl FHODtRAYR YA KT dzp T2 WF NBE SEKA

Odzf GdzNJ £ S@SyiGa 2NBFYAT SR RdzZNAYy 3 LI Nb Odzf | NJ
Fdzy O 2yl f YR &Ll ol f 2NBAFYATlFIa2yX (G(KS dzasS 27
2F FTdzy 0o 2YBSOGH RRTUKBKS YIAYS FdzEATAINBES FYR
GKS o0dzAit RAy3 6SNB |ylftel SR GKNRdAK (KS SEIF YL
Keywords: Adaptive Reuse, Industrial Heritage, Spatial Organization, National Textile

Factory, Adana Museu@omplex, Conservation Strategies
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YSYGEft SNAYATA 2fdzoddzNI Yy 0AYFEFNE TFYlFY AeSNRAE
1FNBPY A0fSOf SNAYA @AaNNSESNR &a2ydzOdz | YNNI S
SRSY dzyadzNARBISOI SEPANVBIUB12y2YA]l aSoSLX SNE |
AKod&l cef | NPX T2ylarezysSt Sa1AYS @S odz Si
ISNS|Tf SO6oaNBYSYSAARANID . dz RdzNMHzy (Sly2ft22A] |
0 A A YINSNBRRYIAYY RSEAOAY KFfAYRS 2tYlF &P odzyl 0o
KPl PYPy &l LIPtP oSONBeA aNNBl1fA RIYNOSGINNNSEA
MPpTNnQEf A @PEEIFNIF O6ANIA]TGS IARSNB] I NI KIWN] 2 N
YANI &P yAGStAEAYRS{A @l LIPEtFINPI @SYyARSy {dz
L2t Aol AfS @SYA O0ANI dz23dz I YI FEFyP 2Nl &l ¢
1FTFYRPNPELY o6dz dz2 3dz F Y X 1 2 NabeWE A8 IGBE [T ™Y f IP
FfFyPRPN omng @d

YNf GNNJ YANraP 2fFyT KIFEYFYZ {SNBIyYyalNrez YLy
I Syaay 2ftYlFfl NPY!I 1FNDPY A0fSOt SNRA A&APYPNIF
ANNRNN)YSE SNA YNYENESFAYIFIRPE&PYRI I {dzf f | yPf Y {
Aot SgasSttaAl @l yNyRSy A&ANNRNNNE SOAf AN yAGSEAE
AKo&l cef  NPYPY RSEAOYSaAaAYS olF€ftP 2t NI 3INyYN
& LIPE | NPYDSLIZIPYYPAINE & NP R2 € NMzf (i dzi dzy R (0 2 LI dzY'|
' N} e @SYARSY A0f SOt SYRANYSRANI omB ®
CAYEFEFENPY dz2FNIFYFOAT AN @8SYARSY (dzA tFyPY (L
SNBSS 1t SoaNRt ANDP myOSAIAAITA SRAHNT S & AYeS ¢80 diiil LBRiyNI
12&dzZf dzN# . dz 61 YI Rl YS@Odzi &l LIPYPYyT Gl 6PE@POP
BSNRAYEtAftAEA @S 12ydzYdz 3A0A GSNAf SNI RSNI Sy A N
11 LI aAfiSNR VA ORISEPE PYPS A1fAYESYRANNYS @S SySNE
Ffdelr P @S GS{yAl aradasSYtSNI ¢S (SyidaSt |f c
OMPBIZwhp6IwobZIwnb d

%lEYFEY A@SNARaAAYRS 3IStA0Sy (i8] ¢¥etPEeANRASaNObdf
KFfAYRS 2fYdzoddzN®® 9YRNAGNAR RSONAYARES 0ANIAIJ
GFfSLX SN @S (S iy2ft22A1 AY{lLYyftlINy oFEEP 21 NI
IS @EANNAOOND . dz RI yESXRSABNARYNT NPt ENRNANSaf YA
nd &Nl ePtPy &az2yftl NPyl R2ENHz (S{1yz2fz22Aa]1] 3§
ANIA1GST GFNI 2ty @1 yadSYEf SN S12y2YA]l RSESNJ
SO0SOARIVSISYRARINIS & LIPE I NP A0t SOAYA @AaNNAOG
SRAf YAOaN®d YSyid KIFWIlFaPYyPy o0ANI NNNyN 2flFy ¢
eSNAAAYRS UTAl1aSt SaiAaySesS YINWzZ 1FfYPOGN
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AyOSt SYRAEAYRS KA@SNINBA]T RNISYAYy &l €flyRPEP

¢SYFa]l YNTS o0l ftNYfSNAYRS ®eSOAGE At AN SRERRKYP
LI2 LINf SNJ { Nf GNNJ 606ANI 61 f NYN 3ISceAOA &SNHAf SNA
GSYFEFNPYRF 61 ftNYfSNI RNT Syt SyYAdaNd . dz GSYI f
ANNBOAYRS (SyiaSt | fe3$NE]IRARXND PYRIWI AT KDV
8L LIPE NP RIF 0SYyT SN LRGlIyaAreasStsS &l KALWOND YSyi
81 LIPf I NPY o0dz 6F€fl YRF RSESNI SYRANAE YSaA 3ISNI

A A

YAN} &P &I LIPIOKE S RANSY NVEBEWK SA qSFGaSt | feS1TGS I f

~

N®N



\ LONFEREY,
& “,

hCADE y, Y
X

D

ERZURUM 1ST |I NTERNATI ONAL CONFEREBOBKON APPLI
Fonksiyonlarin Dagiim

May-191, -ERZSJRUM
| SBN ldIrG2-59 &3
Alan Kullamm
10000
8900

9000

\\\ 8000

~ 7000

6000 5200

5000 4400
4000
u Arkeoloji Miizesi 3000 27003000
Kent Miizesi I 1700

2000

m Tarim Miizesi 1000 1200 1200
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Egitim Birimleri m Tanm Miizesi m Sanayi Miizesi
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u Miize Magazasi Depo ve Konservasyon Egitim Birimleri
= Miize Fuaye ve Kafe Egitim At6lyesi m Miize Magazas
m Acik Hava Sinemasi m Miize Fuaye ve Kafe m Acik Hava Sinemasi
Cok Amacli Salon Cok Amacli Salon Miize dari Birimi
Mize Idari Birimi L Kiltiir ve Turizm Midirligi m Adana Kiltiir Varliklanm Koruma Bdlge Kurulu
[LKdltir ve Turizm Midrliga B Kiiltiir Varhiklan ve Miizeler Miiduirliigi
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HASTA ODALARI NDA G! N I kIl JI Il LE YAPAY AYDI
ENTEGRASYONU: FI RAT | NI VERSI TESI HASTANE

The I ntegration between Daylight and Artif|
University Hospital as a case study

Y¢e¢ksek Lisans ¥] AAIOURISiI  Ama

Ferat | niversitesi, M
amalalajouri@gmail.com+905395644076
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Do.DrrAy-a G| LTEN
Ferat | niMemarteéeki Fak
aycagulte@gmail.com
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¥ZET

Sajl ék hizmeti ortame, hastanén i1yilekmesin
Tasar ém, dé¢zen ve aydénl atma gi bi praaklar® r | er |
yaratarak hasta sonu-|laréené etkiler. Hast an
tedavi i-in dejil aynée zamanda dinlenme ve
tasarl anmeéck odal ar i yil exkmeyi artteékrvaibki | e d e bvie
azaltabilir.

T¢e¢rkiye' de, Sajl ek Bakanl éjé& taraféndan y °
163. 000 yatak sunan sajléek tesislerinin -o0]
sajl ék hizmetleri hamakbaddraj | Basfanél emur gu?2
°©zelli kle aydénl at ma, ését ma, haval andér ma
t¢eketimine yol a-maktadeéer . K¢resel ol arak h
teketicileriigerasendadegkevemehhmabve s¢egrder ¢l ebi
ener ji y°net i mi stratejileri gerektirmektedi
I niversitesi Hastanesi de dahil ol mak u¢zer e,
da operasyonel verimlilifji sajlamak i -in sg¢r
gerektirir.

Hasta odal aréendaki aydénl atma, fizyolojik te
ni hayetinde i1iyilexkxmeyiktertki |[Eéd eikjtiri ki na¥ydeéh
°nce, doj al ékék birincil aydenl atma kaynaj
aydénl at ma, 0O zamandan ber.i baskéen kaynak I
aydéenl at manén etrkei ladidinresdk ek inl dheasdemat ekgonf or u
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azaltabil ecejini ve hatta hastanede kal ek s
mi mar i keséetl amal ar , ener ji talepl eri ve dét
zordur.

Bual ékma, hasta odal aréndaki aydenl at ma Kkok
olarak El azeéj''"daki Férat Hastanesi''"ni incele
€EKéjeée ve yapay aydéenl at maneén e nntue gvrea siyyoinl uenkum:t
arteéermak i -in optimize edilmik dajéetéem i -in
enerji a-éséndan verimli sajléek hizmeti orta

Anahtar Kelimeler:G¢n ékéj e, Yapawn ayYyaémra@&t mT,rkMahast

ABSTRACT

The healthcare environment significantly influences patient recovery, comfort arbeive|

Factors such as design, layout and lighting influence patient outcomes by creating environments
conducive tdhealing and stress reduction. As the basic infrastructure of hospitals, patient rooms
are important not only for treatment but also for rest and recovery. Appropriately designed
rooms can promote healing, increase patient satisfaction and reduce stress.

In Turkey, public hospitals managed by the Ministry of Health make up the majority of
healthcare facilities, offering a total of around 163,000 beds, emphasizing the country's
commitment to accessible healthcare. Hospitals operate 24/7, leading to sigreéheagy
consumption, especially in lighting, heating, ventilation and air conditioning systems. Globally,
hospitals are among the largest energy consumers in the public sector and require efficient
energy management strategies to reduce costs and preansténability. Public hospitals in
Turkey, including Férat University Hospital
a focus on sustainable lighting solutions to ensure operational efficiency.

Lighting in patient rooms iparticularly critical as it affects physiological responses, mood and
sleep quality, and ultimately impacts recovery. Before the invention of electric lighting, natural
light was the primary source of illumination. Artificial lighting, initially complemegt
daylight, has since become the dominant source. Studies show that effectively integrating
daylight and artificial lighting can improve patient comfort, reduce stress and even shorten
hospital stays. However, this balance is difficult to achieve dwedoitectural constraints,
energy demands and external environmental factors.

This study examines Férat Hospital in El azeéej
in patient rooms. Using DIALux Evo 11 software, it evaluates the integrationybgjlataand

artificial lighting and provides recommendations for optimized distribution to enhance patient
comfort and recovery. The findings offer practical insights for designing sustainable, energy
efficient healthcare environments in Turkey.

Keywords: Daylight, Artificial lighting, Patient rooms, Turkish hospitals.
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¢AM VE KAVAK ODUNUNDAN FARKLI KOMBKNASYONLA
LAMKNE KAPLAMA KERESTELERKN FKZKKSEL ¥ZEL
KNCELENMESK

Musa KAYAl;, Vedat? ¢ Rdbthlazan®B] LB] L

IAt at ¢rk Mesl eki ve Tek rkaydmusA2bBE @ ogmailconl0008 e s i
000259557378

2Kzmir Kati p ¢ edda tavus@ikeu.eduet®O80i0G023289 7831

: E

Gazi !niversitesi, +0800Q0@347600U66bul @gazi . edu. t
¥ZET

Bu -al ékmada, ¢am ve kavak odunu kapl amal ar
lamine kaplama kerestelerin (LVI)i zi ks el °czel li kleri Il ncel ent
LVLO6I erin hava Kur usu yojunl uj u, tam Kkuru
bekl etil mel eri sonucunda olukan kaleéenl ék art
¢tal ékma sdé&me-| akkcetmbai n@syonl arda kull anél an

yojunlukl aréenda anlamlé bir azal ma meydana

tersine bir ejilim g°stermiktir. Ayréca sudeé
aj &rlhésu alma oranlarénda arték ger-ekl ekmik
ve 2 katlé LVLO6lIlerin hava kurusu yojunlukl a
g/ cmj ol arak belirlenmiktir. Su@da%b®kbDEtomears
2 katl é& LVLO6lerin 2 saatlik suda bekletil mes
Anahtar Kelimeler: Fi zi ks el °czelli kler, LVL, Yojunl uk

Investigation of the Physical Properties of Laminated Veneer Lumber (LVL) Produced

from Different Combinations of Pine and Poplar Wood

ABSTRACT

In this study, the physical properties of laminated veneer lumber (LVL) produced from different
combinations of pine and poplar wood veneers were investigated. Within this scopedtiie air

and overdry densities of the LVLs, the thickness swelling after immersion in water for 2 and

24 hours, and the water absorption rates by weight were determined. According to the results,

as the proportion of poplar veneer increased in the combinations, a signdea@ease in

density was observed. Thickness swelling showed an inverse trend compared to density. In
addition, water absorption by weight generally increased with prolonged immersion time. As a
result, the audry densities of the-ply and 2ply LVLs in the control group were determined

to be 0.674 g/ cmj, 0.544 g/ cmj, and 0.485 g/

water immersion occurred in theply LVL samples after 2 hours of immersion, with a rate of
15.51%

Keywords: Physicalproperties, LVL, Density ratios
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1. GKRKK

Aj a- mal zeme, bilinen en eski yapé mal zemel
ol arak kull anel éer. ¥zelli kl e binalarda, y ¢ k
homojen olmamakla birlikte aniot r opi k ©°zel |l i kl ere sahiptir,
geni kIl 171, nem Or ané, budakl ar , i f y°ng¢, [
y ol a-maktadeéer . Bu fakto°rler, aj a- mal z emen

raldaémma.k t AJ a - mal zemesinin bu dezavantajl

ma , yonga, Ker it yonga ve |if gi bi aj a
preslenerek «kekil veril er ekedakmpozit
u ¢reéenlerden biri ol an; Laminated Ve
a d°keme, direk, iskele tahtasé
e ar k. , 2007)
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ahkap mal zemenin fiziksel ve mekani
|l anél an tutkalén ©°zelliklerine g°re dejiKk
Ahkap kapl ama oryant asyon-+kavak aming kdrpazitteen y ° n ¢
mekani k ©°zelliklere etkisi adl & arbambuér mad a
demetinin katkésé arttéek-a mekani k °zellikle
D¢kegk mekani k ©°zelli klere sahip ahkap mal ze
edil er ek, diren- ve mukavemet y®anelelmdkIr e r( iWain
2015).
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Aj a- mal zemedeki fiziksel °czell ikl erden o
kompozi't créenlerin mekani k ©°zellikleri czeri
yapésé s°z konusu buwl kormap odzeiktor ant 4 il erlirng ny g p
(Toksoy ve dijerleri, 2006) . Mobi |l ya, yapeée
icretimde kul anél an Melez kavak odunundan el

I

mekanik® zel | i kl eri nden oioa naryaokj ubnull ujuuk t3u3r5 (Krgu/nm t
175 ve 200 o6de éseél i Kl em uygul anmécx Doj u
mal zemel er , fenol formal dehit ( FF) tut kal
g¢é¢- | emaiirri.l nkil de edi l en deney °rnekl eri czeri
°zelliklerdeki dej i ki mler belirlemiktir H:
sécakl éjenén artmaseé ile azal mékteéer (¢Cijdem

Bu - al ékmada,odtuannu vkea pK avmak ar kull anél ar ak
cretilen | amine kaplama kerestelerin (LVL)
yojunluk, tam kuru yojunluk ile 2 ve 24 saat
mi ktarrd@mdrenbmesi ni ama-| améxt éer .
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2. Materyal ve Metot

2.1. Materyal
Yapélan bu -al eékmada; Lamine Kaplama Ker es:
kapl ama t ¢ r | ePmusnSlymestrisLa rvé -kavak Pd@pulus euramericana)
odunl|l ar éeedah mied tdier . ¢al exma kapsaménda kul l
d¢zgen i 1, budakseéez, -atl aksez, -¢réme v
°ne¢gne al énar ak birinci sénef czelli kl ere S
Kerestet r i n i mal edi |l mesinde kull anél an mal zem
veril mi ktir.
¢i zelLgvek yr et i minde kull anél an mal zemel ere ai
No Mal zeme Ade Yojunlu Rutubet
(g/ cmj (%)

Kavak kaplama 0.37 %11.3

Saré-am kap 0.47 %12.4

PU tutkal é
2.2. Metot
2.2. 1. Lamine Kaplama Kerestelerin ¢retil mes
Kavak ve Saré-am kapl mal ar 20 sécakl ek ve
kabininde dej i Kmez ajleoncecijayonl armaedgn. kK
kapl amal ar e€In2 Om) g@ry eP allOiO¢, r et an (PU) tutkal é sg¢
saat bekletilerek ¢retil micktir. Kapl ama ¢r et

go°r ¢l mektedir.

1~G3
2
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l:Saré-am kaplama, 2: Kavak kapl ama
k e k iLaming Kaplama Kerestelerkho mbi nasyonl ar é

2. 2. 2. Lamine Kaplama Kerestelerin fiziksel
Yapél an -alékmada farkl é& kombinasyonl arda ¢
°zelli kl erden Hava kurusu ve tam kuru yojunl
esasl ar a g°re eki tl ik 16deki forme¢gl e gre
bekl etil mel eri sonucunda kalénl&] €8A) Kk knea 1

ise TS EN 31706deki esasl ar dikkate al énar ak
Bu dojrultuda s°z konusu fher kgredp °iz-eilnd i kK0 Ga
numunes: hazeér | anmeéckitléegi.l iHasztéa nd danratnl anrudnaukni e | e
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deney i klemlerine tabi tutulup gerekli °1-¢m
kekil 26de verilmixktir.

kekid) 2Deney numunel eri b) Deney numunel erin

Yapélan °1 -¢mler sonucunda el de edilen veril
farkl e kombinasyonlarda ¢retilen kontkrtpilrak |

Uo =m o Vo ve Uiz =m 12/ Vi2(g/cny) (1)
Burada;

Uo = Tam kur u %md=u mMlaurk k(ug /ucomTa® kurudacim(c));12 UV
= Hava kurusud, ymfFumlavlia okl o= Havp Rurusuéhécim( g) ,

Kk = 2-ki)/(ki))x100 2
Burada Kk: Kal eénl eéjien®eméyxmpami &samnen (8)yak
kal enl é3 é Demmy, plar - asénén suy@mmdal dér madan s
SA= ((ae-a1)/(a1))x100 3

Bur ada; SA: Su ral h@aneny kpar €ag®&)énasuya dal deé
& Deney par-asénén suya daldérmadan sonr aki

2.2.3. Verilerin analiz edilmesi

Deneyselmetotlarla elde edilen verilerin analizinde SPSS 26 ve MSTATpr ogr aml ar €

edi | mi ktir. Bu programlar ile -ok y°nl ¢ (MA
endeksi esas alénarak ger-eklextirilmiktir.
3. Bulgular ve Tarteékma

3.1 LamineKaplama Kerestelerin fiziksel ©°zellikler

311 Lami ne Kapl ama Kerestelerin hava kurusu Vv

MN
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Lamine Kaplama Kerestelerin hava kurusu ve t
standarttad of r ul tusunda tespit edilen sayésal veri

¢i zellgvd 642 .eri n Hava Kurusu ve Tam Kuru Yojunl

Kontrplak Hava kurusu ve tam kuru yojJ uft

Hava Kurusu Y®»junluj{Tam Kuru @aPunl uk

Max.. Ort. Min. Std. Sp. | Max.. | Ort. Min. Std.
Kontrol 0.70 0.68 0.66 0.012 0.68 0.63 0.49 0.080
Grubu
1K 0.56 0.55 0.52 0.014 0.55 0.53 0.51 0.017
2K 0.51 0.48 0.45 0.016 0.49 0.47 0.45 0.012
Yapélan faftkk@amadkadambinasyonlarda ¢retilen LV
yojunluk dejerlerine ilikkin elde edilen is
tespit edi |l mi ktir. Tespit edil en bunlveemlid er
d¢zeyde farkl é olup ya da ol madekl aréné beldi
¢i zelge 306te verilmixktir

¢i zellgveL63.erin Hava Kurusu ve Tam Kuru Yojun
analiz sonucu

Kareler Kareler Anl aml
Varyans KaTopl améSD Ortal ameF (P<0.05). K& s mi
Yojunl uk T0.006 1 0.006 7.603  0.009 0.163
LVL Te¢r ¢ (0211 2 0.106 126.569 0.000 0.867
A*B 0.003 2 0.001 1.607  0.214 0.076
Hata 0.033 39 0.001
Toplam 140.393 45
D¢zel ti |l mi0.296 44
Lamine Kaplama Keresteler, hava kurusu ve t
veriler esas alénarak yapélan -oklu varyans
yojunl uk terl eri araséendaki far B¢l edk¢ zaeryedne
birbirlerinden farkl é oldukl aré tespit edi |
farkl el ekl arén %8706si yapélan kombinasyonl ar
yé¢ksek ol duju syl enebi lndakiAyfraérckaé ny ogd rulnd nilkeé
(%16) ise daha d¢ke¢gk ol duju tespit edil mi Kt

anlamle farkleéeleéklarén kombinasyon ve yojun]|

etmek i-in yapelanhaDantCianeltgegstdots® veril mikt

¢i zellgvek K.ombi nasyon yojunluklare ve Yojunl uk

Varyans N X HG
_ Kontrol 15 0.66 A
KomAblnasyon 1K 15 0.48 C
Yojunlukl a
2K 15 0.54 B

Il
<
Il
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A Hava Kurusuy 0 J un | 45 0.57 A
Yojunluk T rom Kuru Yo 45 0.54 B
Yapél an anali zde farkl e kombi nasyonl ar da ¢

birbirlerinden anlamlée d¢zeyde farkl é ol duk
kaplama sgyé¢audl akt @dlejarl erinin azal déej é tesp
kurusu ve tam kuru yojunluk dejerlerinin de
tespit edil miktir.

- A =

3.1.2 Lamine Kaplama Kerestelerink al énl €éjJ éna «kKi kKme oranl ar é

Yapeéell&axkmaala farkl & kombinasyonl arda ¢retil en
saat boyunca suda bekletil meleri sonucunda Kk
bekl etil mel er sonucunda aj ér |l ekera d¢siuz eallgnea 5
veril miktir.

¢i zelLgvde 63 .eri n kal énl éjéna kKikme (Kk) ve ajeéer
veriler

Kontrplak Kk VE SA Dejerleri ( %)
(Kk) 2 Sg¢g Kk) 24 S SA
Max. | Ort. | Min | Std. | Max. | Ort. | Min | Std. | Max. Ort. Min. | Std.
. . Sp. . . Sp. Sp.
Kontrol 445 (21 (084|106 |6.51 | 3.8 |1.85|1.31 102.9 | 87.38| 79.95| 2.49
Grubu 1 5 2
1K 2.38 |15 |0.82|0.68 |457 |36 |252|0.79 76.01 | 72.43| 69.77| 2.49
1 7
2K 564 |26 |1.19|1.44 | 581 |38 | 233|121 90.52 | 42.90| 33.36| 20.09
8 3

¢izelge 506e g°re farklé kombinasyonl arda ¢r

y°n¢gnde Kikme ve su alma oranlaréna ilikkin
ol duju tespit edil miktir. anckakelt eos pairta ke dainll e
da ol madekl aréné belirlemek i-in yapeélan -o0k

¢izel geVBbOl erin 2 ve 24 saat s¢re boyunca su

il i kkin -oklu waryans analiz sonuc
Kareler Kareler Anl am

Varyans K Topl SD Ortal a F (P<0.05). K& s mi

Suda Bekl em 42604 1 42.604 34.247 0.000 0.388

LVL Te¢r ¢ (B 4481 2 2.240 1.801 0.175 0.063

A*B 2.544 2 1.272 1.022 0.367 0.036

Hata 67.177 54 1.244

Toplam 636.143 60

MO
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D¢ezel ti | mi kK 116.805 59

¢izelge 60ya g°re farklé kombinasyonl arda

bekl etil mel er sonucunda ger-ekleken kal énl é
tespit edi |l mi ktir. Ger - ekl eken knajeénléklerinié k art
belirlemek i-in yapélan Duncan testi sonu-1Ia
¢i zellgveL 6Ad.erin kal énl ék Kikmeleri ve Suda betk

Varyans N XA%) HG

Kontrol 20 2.98 A
Kontrpl ak 1K 20 2.59 A

2K 20 3.27 A

2 Saat 30 2.09 B
Suda Bekl e ,4gaa 30 3.79 A
Yapeéelan -alékmada LVLO6lerin 2 ve 24 saat S ¢
y°n¢gnde meydana gelen kKikmelerin kombinasyon
olarak artéjé tespit edil micktirkilekényalguble 1 ka
arasénda ger-eklekxen kal énl ék ki kmel er i ar as
tespit edil miktir. Bununla birlikte suda bel
mi ktarl ar é& ar as énldaarkaik faanrl kaéml éi sotl adtuijsut itkessepli to
313 LVLO6Il erin ajérlek-a su alma oranl ar é
Farkl & kombinasyonlarda ¢retilen LVLO6lerin
veriler -izelge 56te wverilmixktiarr.kl EIl dod del
dol ayeséeyla meydana gelen bu farkl él ékl ar én
belirl emek i-in yapélan -oklu v,aryans anali z

¢i zel ge 8. LVLO6l eriniajekiak-aksu abmgaasanah

Kareler Kareler Anl am
Varyans KaToplaSD Ortal amF (P<0.05). K& s mi
LVL Tg¢r 10247546 2 5123.773 32.536 0.000 0.707
Hata 4251.969 27 157.48
Toplam 151463.44f 30

D¢zel ti | m 14499514 29

Yapeélan -oklu varyans analiz sonucuna g°re |
farkl el éklarén anlamlée (P<0.05) olduju tespi
kombi nasyon!l ager -beakjlleek taljar ask> yl enebi | i r. Tes

=M
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guruplara g°re homojenlik sénéeflandér maseéene
¢izelge 9060da verilmiktir.
¢tizel ge 9. LVLO6l erin ajérlék-ar®fu al ma oranl
Varyans N XA%) HG
Kontrol 10 42.90 C
LVL Terl el 1K 10 72.43 B
2K 10 87.38 A
Duncan testi sonu-Ilaréna g°re LVL t¢rleri ar
bir farkéen ol duju tespit edilmixkktir. Kontr ol
ol duju tespit edilmixktir.
4. Sonu- ve ¥neriler

T ¢al ékma konusu ol an LVLO6I erde Kavak odunu
bir azal ma meydana gel miktir. Kontrol grub.i
yojunlukl arée séraséeyla 0.674 g/ cmjt,i r0. 544

T S¢reye bajlé olarak kaleéenléek dejerlerinde

yojunluk azal ékénén tersine bir ejilim g°s
genel ol arak LVLO6l erin ajérleéektarsuSabdmabe
sonucunda en y¢ksek ajérl ek kaybé %15.51
bekl etil mesi sonrasénda meydana gel mi ktir

T Arakt érmaceéel ara farkleée odun t¢grl eri ve Yye&
LVLO6l eri nmdkaniklsedzeleli kl erinin arakteér el m:
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¢AM VE KAVAK ODUNU KAPLAMALARI NDAN FARF
KOMBKNASYONLARDAN ! RETKLEN KONTRPLAKLARI N
¥ZELLKKLERK

Musa KAYAl; Vedat? ¢ Rdbtlazan®B] LB] L
At at ¢rk mesl eki ve tekni k kayamudaz23l2@gmail.soens i M¢, «

0000000259557378
2Kzmir Katip ¢ eddadavus@ikeu.edue®OCD 000282897831

Gazi !niversitesi, +0800Q0@347600U66bul @gazi . edu. t
¥ZET

Yapéel an -alékmada y¢zey katmanl aré saré-am o
kavak odunuk apl amal ar éndan farkl e kombi nasyonl ar
kontrplaklaren fiziksel ©°zellikl eri incel enrm
yojunl uk, tam kuru yojunluk ile 2 vea24 sa:
kal enl ek dejerlerinde meydana gelen kal énl ek
¢tal @ékmanén sonu-|laréna g°re kontrplak kombir
kal enl ek miktarl arénda artéxa wery eklrrlkunk Ko 1
kontrplak numunelerinin su alma ajérl ékl arée
olarak artejeé tespit edilmixktir. Sonu- ol ar
aja- mal zemel erin ¢eakdndnmeks ionldaer &ku | kl aatnngéa nuaesj éc
fiziksel ©°zelliklerin iyilextiril mesi a-eéseén
edilip sonu-|larénén incelenmesi gibi -al ékma

Anahtar Kelimeler: Fi zi ksel ©°zabl akber KaKanbakkkarteke

Physical Properties of Plywoods Produced from Different Combinations of Pine and

Poplar Wood Veneers
ABSTRACT

In this study, the physical properties of plywoods manufactured using polyurethane (PU)
adhesive weravestigated, where the surface layers were made from pine wood, and the inner
layers consisted of various combinations of pine and poplar wood veneers. For this purpose,
the airdry density, overdry density, thickness swelling after 2 and 24 hours ofewat
immersion, and water absorption rates by weight were determined. According to the results, as
the number of poplar veneer layers increased in the plywood combinations, thickness swelling
also increased, while average density values decreased. Furthetimeowater absorption by
weight of the plywood samples was found to increase in correlation with the proportion of
poplar veneers. In conclusion, while the use of-temsity woods in the production of
engineered wood materials can contribute to econwatie, it is recommended that structural
adhesives be incorporated into the production process and their effects further examined to
improve the physical properties

Keywords: Physical properties, Poplar veneer, Thickness swelling
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1. GKRKK

Aj a- madl¢zneynae ;n¢ f usunun artmasé ve endg¢gstril
alané bul maséyla beraber tg¢gketim miktareée da
negfus oranéna bajl é olarak aja- mal zerinee t ¢ ke
getiril mesi i -in orman ¢régnlerinin arzenén s
rasyonel bir Kekilde kullanél maséné zorunl u
teknol oj i Il e birlikte °zelllekl|l eer2t etDichymae sia
icretim s¢gre-lerine tabi tutul ar ak; kontrpl ak
kapl ama keresteler (LVL) gibi m¢hendi sl i k ¢r

M¢hendi sl i k ¢re¢gn¢g aj a-bimallizketnee | heé&z Iné ohréevt g m
sahip ve ekonomi k olarak daha d¢ke¢gk dejere
kull anél masénén yolu a-éeél mékxtér. (Mengelojlu

M¢hendi sl i k ¢réegng aja- mal ze nauneommidardanb i r i (
soyma y°nt emi ile el de edilen kaplamal ardeéer .
aj a- mal zemenin ©°zelliklerinden etkilenmekt:
cretilen soyma kapl amal amyéans afla ryka peé yaan ast aohmi pk ,
sonucunda ¢retilen kontrplaklarén da farkl é
belirtmixklerdir (Demirkér, 2014; Bozkurt Vo
°zell ikl erden ol an ydjunelduikl einhakkto®mpeo,zi &aj a¢-rte
czell ikl eri czerinde et kil ol makla birlikte
créenl erion yapeésal vV e dekorati f gereéent el erir
Dol ayéséyla komnmntld mlneek agrad&t iohiamdeodkun t¢rl eri
ama-1é& kontr p-l0&% ¢/airarial éepemd@dd1ol masée gerekir
kontrplakl ar én - kat manl arénda kull anél aca
aj érl ekl aréenéholOma3s2e ibleek |10e.nd 5 o/¢comhmakoj | u v.d
tut kal ter ¢, kapl ama kal éenl éj é, tabaka sayeé
kontrplaklaren fiziksel ve mekvaeniBe Ktzaed ,| ixd le

Bir-ok kulaném alané bulunan odun k°kenl:i |
daha fazla tek sayeéedaki ahkap soyma kapl ama
konuml andérélep -exkiveéiyyhpeéktbascser! arba pke
cretilen genik y¢gzeyli |l evhal ardeéer (¥rs ve
birbirlerine di k konuml andeér el mal ar &, kontr
°czelliklere sarhplpakdlam@&fanéenezel kokt e yape s e
end¢gstrisinde, dek cephe kapl amal ar énda, I n
uygul amal arda kull anél mal aréna ol anak sajl am

Kontrplak ¢reti mmién -eilndes oeydma nkeaspilnaemauy gun o
olan odun tg¢rlerinden gé¢ney - amé, okume ve
dejerlendiril mektedir (Toksoy v.d, 2006) .

T¢rkiyedde kontrpl akkolgmas éma rya&j méakebi 96 ©i0
karkéel ayamamaktadér (FAO,2022). ¥zellikle Tg¢g
ol arak ahkap yapélarén g¢nden g¢ne daha fazl
ahkap yapeéesal cré¢nl ere ol an  teanl ebpuy tdaalheap daar
karkeél anabi |l mesi ; ancak héezl é b¢gyéme potans

me¢e mke¢en ol maktader .

MY
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Yapélan bu -al ékma, saré-am ve kavak odunun
kombi nasyonl ar an sfaihz ipk keoln t °r z0d lalkil kalreer i nden ha
yojunluk ile farklé zaman dilimlerinde suda
belirl enmesini ama-1|améxter.

2. Materyal ve Metot

2.1. Materyal
Yapél an buko-nalrepdmekda;r én el de edil mesi nde ku
s ar éRinasSly(estrit.)vekavakPopul us | eadwneari &mdcan el de
¢al ekma kapsaménda kull anélan kapl-aanall ak €&z ,s
-¢ér¢égme  ve mant ar tahribat éneéen ol mamasé gi b
°zelli klere sahip kapl amal ar se-i |l mi ktir. K
mal zemel ere ait bazé °zellikler ¢izelge 106de
Ci zellKpent rpl ak ¢retiminde kull anélan mal zemel
No Mal zeme Ade Yojunlu Rutubet
(g/ cmj (%)
1 Kavak kaplama 0.37 %11.3
2 Saré-am kap 0.47 %12.4
3 PU tutkale
2.2. Metot
2.2.1. Kontrplaklareén ¢retil mesi
Kontrplaklar, Kavak kapl amalar 600 mm x 1.5
Xx 0.7 mm x 310 mm °I| -¢l erinde kesilerek 20
i kl i ml endir me kabininde dej i Kme z aj érl ej a
Kondiy onl anan kapl ama2®@&Gr@gm Pngloiyer €t0dbn ( PU) tut
pres baséncénda 3 saat bekletilerek ¢retil mi
model |l er kekil 16de g°r ¢l mektedir.
1 1
z_; /-—:
s -—1
-— 1
1
; = /
2
1 2K 3K Kontrol
1: Sar é&- am k &gplammama, 2: Kavak

kekiKonlt.r pl ak kombinasyonl ar é&; 2 K: 2 kavak |
levha,

2.2. 2. Kontrplaklarén fiziksel ©°zelliklerini
Yapél an -alékmada farkl é& kombinasyonl arda ¢r
kurusu ve tam kuru yojunluk dejerleri TS EN
16deki form¢gle g°re hesaplanméxkteéer . 2 saat|l

kal énl éj éna ki kme (Kk) or anlsar €l Sv e Na [3éelr7lo&dke-ka

=Mo®
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di kkate alénarak Exkitlik 2 ve 30teki

formegl |
fiziksel ©°zelliklerin belirlenmesi i -in 5 mm
adet deney numunzsil|l dmaaerhammeahlt er .i Hai | i st
al énarak deney i klemlerine tabi tutulup gere
g°rseller kekil 26de verilmicktir.

kekila)2.Deney numunelerinin ajeéerl ekl
°l -¢lerinin belirlenmesi

Yapélan °1| -¢mler sonucunda el de edilen veril
farkl e kombinasyonl arda grietiiklseen KRaretlrl kil ek il
Uo =m o Vo ve Uiz = m 12/ Vi2(g/cn®) (1)

Burada;

o = Tam kur u 3ymd=urmlauk k(ug /ucomTa@ kurudacim(cd)); UV
= Hava kurusud, ywmfFumawvlia okl osw- Havh Rurusuéhécim( g) ,

Kk = 2-kiJ/(ki))x100
Burada Kk:

)

Kal énl eéjien®eméyxmpami &samnen (8)yak
kal énl é3 e Demmy, plar - asénén suy@mdal dér madan s

SA= ((a-au)/(a1))x100 3)

Bur ada; SA: Su ral h@aneny kpar €ag®&)éeénasuya dal deé
& Deney par-asénén suya dal dérmadan sonr aki

2.2.3. Verilerin analiz edilmesi
Deneyselmetotlarla elde edilen verilerin analizinde SPSS 26 ve MSTATpr ogr aml ar &

edi |l mi ktir. Bu programlar ile -ok y°nl ¢ (MA
endeksi esas al éenarak ger-eklextirilmiktir.

=NM
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3. Bul gular ve Tarteékma
31 Kontrplfaikziak€al ©°zelliklerine ait sayésal

311 Kontrplakl arén hava kurusu ve tam kuru vyo

Kontrplaklarén hava kurusu ve tam kuru vyoju
dojrultusunda tespit edimertsayésal veriler

¢i zelkent2r.pl ak | evhal arénén Hava Kurusu ve T

sayésal veriler

Kontrplak Hava kurusu ve tam kuru vyo]
n

Hava Kurusu Y®»junluj{Tam Kuru @af)u
Max.. Ort. Min. Std. Sp. Max.. Ort. Min.

Kontrol 0.69 0.67 0.64 0.02 0.66 0.65 0.63
Grubu

2K 0.62 0.56 0.52 0.03 0.54 0.52 0.49 0.02
3K 0.53 0.51 0.48 0.02 0.52 0.50 0.47 0.02

n -al ékmada farkl e kombinalupsuwvdtanr da ¢r
ojunluk dejerlerine ilikkin elde edile

edi |l mi ktir. Tespit edilen bu veriler
e farkl e oleulpi rylae ndeak oil -mand éykd paérléanré -bo k |
e 30te verilmixktir

| geen t3r.pl ak | evhal arénén Hava Kurusu ve T
u varyans analiz sonucu

Kareler Kareler Anl aml
Varyans KaTopl améSD Ortal ameF (P<0.05). Ké s mi
Yojunl uk T0.010 1 0.010 24.059 0.000 0.308
Kontrpl ak 0.283 2 0.141 335.862 0.000 0.926
A*B 0.003 2 0.002 3.809 0.028 0.124
Hata 0.023 54 0.000
Toplam 19.693 60
D¢zel ti |l mi0.319 59

Kontrplakl ar én, hava kurusu ve tam kuru yoj
al énarak yapeéelan -oklu varyans analiz sonucu
terl eri araséendaki farkl él ékl¢azreeynd ei shtiartbiisrtlie
farkl e ol dukl arée tespit edi | mi ktir. Kontrpl
kombi nasyonl ara bajl é ol arak ger-eklexktiiji \
Ayréca yojunluk te¢rlheéediekadges@ydakin f 83106 8)an
tespit edi |l mi ktir. ¢okl u wvaryans anal iz SOl

NN
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kombinasyon ve yojunluk tg¢rlerine bajl e ho
Duncan testi 4sootneu -vliearriél ntiikzteilrg.e
¢Cizel gentdr.pl ak |l evhal ar éneén kombi nasyon yo]j
Homojenl i k grupl ar é
Varyans N K HG
_ Kontrol 10 0.67 A
KomAblnasyon oK 10 0.56 B
Yojunlukl a
3K 10 0.50 C
A Hava Kurusuvy o J un |l 30 0.581 A
Yojunlbuk T rom Kuru Yo 30 0.555 B
Yapeéel an analizde far kl é kombi nasyonl!l ar da .
dejerlerinin birbirlerinden anl aml é d¢zey

kombinasyonlardaki kavak kaplammay € s é artek-a yojunl uk dej
edi |l mi ktir. bununla ©birlikte kontrpl ak I evl

dejerlerinin de birbirlerinden anlamleée d¢zey

Yapeéel an -al ekxmal arda kavyeéehk ve Ghabkpt ¢s k a
kombinasyonl arda ¢retilen kontrplaklarén ha\
0.537 cmj arasénda dejiktijini tespit etmixckl
kontrpl aklkar @a]j eyroljeurnilnui n ise 0.545 cmj ol du
kapl amal ar én yojunl uk dejerini 0.584 cC mj b
Dol ayéséeyla yapélan -alékmada farkIl & kombi ne
edilenhavk ur usu yojunl uk dejerlerinin literatg¢rd
syl enebilir

312 Kontrpl akl arén kal énl éjéna ki kme oranl ar é
Yapélan -al éxkxmada farklée& kombinasyonl arda ¢r
suda bekletimelei sonucunda kal énl ek ol arak ki kmel er
sonucunda ajérl éek-a su alma oranlaréna il i «kk
¢i zelKpent.pl ak | evhal arénén kal énl ] éna Ki Kme
ilikkin sayésal wveriler
Kontrpla Kk VE SA Dejerleri (%)
k ( Kk 2 Saa (Kk) 24 sa SA
Max.. Ort. Min. Std. | Max.. | Ort. | Min. Std. | Max. | Ort. Min. | Std.
Sp. Sp. Sp.
Kontrol | 5.72 [ 3.21 097 [1.86] 1095 |6.62 | 4.14 | 1.99 | 30.23 | 25.38[ 21.78| 2.96
Grubu
2K 6.33 | 3.74 1.87 [ 155[845 [7.04|555 |0095]|6184 |41.73]2852] 11.60
3K 140 | 6.91 0.17 [3.85[1858 [ 9.06 | 1.83 | 4.79 [ 55.29 | 46.60| 39.62| 5.74
A

Il
Z
Il
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































