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Abstract: In the present study, molluscs diversity between 0-0.5 m depths of the
hard substrate habitats of Gokceada coasts was investigated qualitatively and
quantitatively, seasonally, and monthly in 2010 and 201 1. In addition, in summer
months of 2021, samples were taken to investigate the mucilage impact on the
mollusc fauna, which occurred in the Marmara Sea in 2021 and affected
Gokgeada coasts due to the currents. A total of 76 mollusc species were identified
and 27 of the determined species are new records for Gokgeada. Among the found
species, while Cardita calyculata (Linnaeus, 1758) was the most dominant
species at the Yildiz Koy station sampled monthly, Musculus costulatus (Risso,
1826) was the dominant one at all other sampling stations. The Tepekdy station
was found to has the highest number of species and individuals. As the main
reason for this can be indicate the limited human access to the region and the
presence of various habitats. Mollusc species diversity, which was detected in
2010 due to the pouring of sand for tourists by the municipality at Yildiz Koy
station, was found to be increased greatly in 2021 after this practice was
abandoned. It was also detected that the mollusc species distributed on the coasts
of Gokgeada were not acutely affected by the mucilage event occurred in 2021.
However, more detailed studies need to be monitoring and report the negative
effects that may occur the mucilage event on the species diversity of the region
in the coming years.

Gokc¢eada'nin Sert Substratum Habitatlarimin Mollusk Cesitliligi

Makale Bilgileri

Gelis: 07.11.2022
Kabul: 26.04.2023
Online Aralik 2023

DOI:10.53433/yyutbed.1199833

Anahtar Kelimeler
Gokeeada,
Infralittoral bolge,
Mollusc,

Miisilaj

Sert substrat

Bu ¢alismada, Gokgeada kiyilariin sert substratum habitatlarinin 0-0.5 m arast
derinliklerinde bulunan mollusc tiir ¢esitliligi nitel ve nicel olarak arastirilmig
olup, aragtirma 2010 ve 2011 yillarinda mevsimsel ve aylik olarak
gergeklestirilmigtir. Ayrica, 2021 yilinda Marmara Denizi’nde olusan ve akintilar
nedeniyle Gokgeada’nin da etkisinde kaldig1 miisilaj olayinin mollusk faunasini
nasil etkiledigi 2021 yilinin yaz aylarinda arastirtlmistir. Toplam 76 mollusk
tiirlinlin tespit edildigi bu calismada 27 tiir Gokgeada i¢in yeni kayittir. Aylik
orneklenen Yildiz Koy istasyonunda en baskin tiir Cardita calyculata (Linnaeus,
1758) iken, diger tim Ornekleme istasyonlarinda en baskin tir Musculus
costulatus (Risso, 1826)’tur. TepekOy istasyonu en fazla tiir ve birey sayisina
sahip istasyon olarak bulunmustur. Bu durumun nedenleri arasinda bolgeye insan
ulagiminin sinirli olmasi ve farkli habitat tiplerinin yer almasi gosterilebilir.
Yildiz Koy istasyonuna belediye tarafindan turistler i¢in kiyiya kum dokiilmesi
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sonucu, 2010 yilinda tespit edilmis yumusakea tiir ¢esitliliginde, bu uygulamadan
vazgecilmesi ile 2021 yilinda biiyiik bir artigin gerceklestigi ortaya ¢ikarilmistir.
Diger taraftan, Gokgeada kiyilarinda yasayan mollusk tiirlerinin 2021 yilindaki
misilajdan akut olarak etkilenmedigi saptanmistir. Ancak gelecek yillarda
meydana gelebilecek olumsuz etkileri tespit etmek ve bu bdlgedeki tiir
cesitliligini korumak igin, bu bolgenin izlenmesi ve raporlanmasi i¢in daha
detayli ¢aligmalara ihtiya¢ duyulmaktadir.

1. Introduction

The islands, which are important in terms of biological and cultural diversity (Kueffer & Kinney,
2017), can host endemic species and cover 5.3% of the earth (Tershy et al., 2015), are the regions most
affected by the changes (Kueffer & Kinney, 2017). Gokgeada which is the largest island in Tiirkiye,
located in the northeast of the Aegean Sea, is found at a distance of 51 km to the nearest mainland
(Kocaman, 2020) with a 95 km coastline and a total surface area of 290 km? (Aslan et al., 2021a).
Gokgeada Island’s coast and surrounding area are important in terms of hosting many invertebrates,
vertebrates, plants, algae, and planktonic species (Goniilal & Giiresen, 2014; Goniilal & Giresen, 2017;
Aslan et al., 2018; Aslan & Tsmcn, 2019; Aslan et al., 2021a and 2021b).

Coastal habitats are important as nesting sites for the shelter of many marine invertebrates (Seitz
et al., 2014), as well as creating many productive areas (Andrade-Tubino et al., 2019) and acting as a
gateway to connect terrestrial and aquatic environments (Niemeld et al., 2015). Mollusc representatives
can live in coastal habitats and both terrestrial and freshwater habitats. These organisms can be used in
biological monitoring studies (Oehlmann & Schulte-Oehlmann, 2003), can act as ecosystem engineers
(Fortunato, 2015) and can take part in the functions of ecosystems (Carnegie et al., 2016). However, the
productive habitats covering these classes are under the influence of man-made factors, such as the
opening of coastal areas to settlement (Von Storch et al., 2015), pollution (Bloch & Klingbeil, 2015),
climate change (Burden et al., 2020), mucilage (Tiifekgi et al., 2010; Savun-Hekimoglu & Gazioglu,
2021; Aslan et al., 2021b). Among these factors, mucilage formation was observed in the Sea of
Marmara in 2020 and reached the Canakkale Strait and also Gokgeada by the effect of currents and
winds. Aslan et al. (2021b) determined that in Gokgeada the mucilage formation had negative effects
on peracarid crustaceans. Also, human-made waste materials in coastal areas can cause adverse effects
on marine organisms and the region where they are located (Weideman et al., 2020). For these reasons,
it is of great importance to protect and monitor, especially these coastal areas with hard bottoms.

In the present study were studied the molluscs belonging to the classes Gastropoda, Bivalvia
and Polyplacophora. The gastropods regulate the structure of their communities living in the tidal zone
(Lumeran, 2019). On the other hand, bivalves organize nutrient circulation, change the density values
of metal and oxygen (Coen & Bishop, 2015) and create habitats and avert coastal erosion (Ramon &
Galimany, 2022), whereas the polyplacophores are significant grazers that can check the development
and dispersion of algae by feeding on algae communities (Mendonga et al., 2014). Regarding these
mollusc classes, we detected both live and dead species in our study. Species attributed as dead are
single-shelled or hollow molluscs but are taxonomically identifiable organisms that have lived in an area
for a short or long period (Kidwell, 2013). The mollusc fauna of Gok¢eada was examined in different
studies by various authors such as Albayrak (2002), Oztiirk et al. (2008), Oztiirk (2011), Oztiirk et al.
(2011 and 2013), Goniilal & Giiresen (2014), Goniilal & Giiresen (2017), Aslan et al. (2018) and Barraud
& Oztiirk (2022).

The aim of this study; (i) to create mollusc species lists of the coastal areas with the rocky
habitats of Gokgeada Island in the years 2010, 2011 and 2021; (ii) to compare the lists according to the
years; (iii) to make monthly observations of mollusc species diversity in the studied area for the first
time; (iv): to test the effect of mucilage on the benthic mollusc fauna in Gékgeada.

2. Material and Methods

This study was carried out seasonally at 13 stations in the hard bottom areas in the upper
infralittoral zone of Gokgeada Island in 2010 and 2011 (Map 1, Table 1). One of the stations located in
Yildiz Koy was sampled monthly. In addition, in five stations the samples were taken in the summer

804



YYU J INAS 28(3): 803-817
Tekeli et al. / Mollusc Diversity on Hard Substrate Habitats of Gokceada Island

only in the year 2021. As sampling gear, a quadrat frame of 20 x 20 cm was used and the area within
the quadrat was scraped by the help of a spatula from depths between 0-0.5 m as 3 replicates. The
samples were taken into jars containing 4% formaldehyde, labeled, and brought to the laboratory.

Map 1. Sampling stations along Gokgeada Island (Source: Google Earth).

Table 1. Code of the stations, locality, coordinates and sampling dates

Stations Coordinates S line Dat
Code Locality Latitude Longitude ampiing Date
05.04.2010,11.05.2010, 08.06.2010, 07.07.2010,
Y7 Yildiz Koy 40° 147 04.57" - 25° 547 10.08.2010, 10.09.2010, 10.10.2010, 09.11.2010,
11.16" 09.12.2010, 06.01.2011, 09.02.2011, 11.03.2011,
27.06.2021

40° 12" 40.39" - 25° 50°

TP Tepekoy o 04.04.2010, 07.07.2010, 26.10.2010, 23.12.2010
MS  Marmaros 40" 17 4117'9;6",,' 24T 5703.2010,20.06.2010, 12.10.2010, 24.12.2010
GL  Gizli Liman 40°07 2265'0429,,‘ 25°40 27.03.2010, 07.07.2010, 12.10.2010, 06.01.2011
GM  GigliLiman2 10707 2062'8104,,‘ 25°40 27.03.2010, 07.07.2010, 17.10.2010, 06.01.2011
40°05 4531"-25°45  27.03.2010, 20.06.2010, 12.10.2010, 06.01 2011,
AK  Adalet Kamp 23.71" 28.06.2021
KR Karakol 40°06 0079'45‘8,,‘ R 24.03.2010, 16.06.2010, 10.10.2010, 06.01.2011
oL Sapel 40°06 04.69" - 25°50°  24.03.2010, 16.06.2010, 10.10.2010, 06.01.2011.
P 8.46" 28.06.2021
Sk Sen Kampin 40°07° 40.79" - 25°56' _ 24.03.2010. 16.06.2010, 10.10.2010, 06.01 2011,
pimng 20.28" 30.06.2021
TK Kefaloz 40%07 3541'9948,,' 25%55 24.03.2010,20.06.2010, 10.10.2010, 06.01.2011
DK Aydmek Koyu 10099 4516'8358,,' 25757 01.04.2010, 20.06.2010, 10.10.2010, 24.12.2010
BD Bozdere 4011 5267'4284,,' 25%58 01.04.2010, 16.06.2010, 10.10.2010, 24.12.2010
L Kew L 40°1470527'-25°56°  01.042010, 17.06.2010, 10.10.2010, 24.122010,
uzu Lima 53.38" 26.06.2021

Afterwards, the sampled material was sieved through a system with mesh size of 2 mm, 1 mm
and 0.5 mm in the laboratory. In the sortage and identification of mollusc material was used a stereo-
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microscope Olympus SZX-16 and then was putted in 40 cc jars containing 70% ethyl alcohol. Parenzan
(1970), Parenzan (1974), Poppe & Goto (1993), and numerous specific articles concerning single
species have been used for mollusc species identification. All identified mollusc specimens were
counted as dead and live. The systematic of the identified species was given according to WoRMS
(2022).

Physico-chemical parameters in the infralittoral water column (temperature, salinity, dissolved
oxygen, and TDS) were measured with the YSI probe system for YZ, AK, KZ, SL, and SK stations
(Figure 1).

Statistical analyzes were carried out to reveal the diversity and abundance of mollusc species.
Therefore, frequency values (F>50% continuous, 25% <F> 50% common and F<25% rare) (Soyer,
1970), quantitative dominance, Margalef Richness (Margalef, 1958) (d), Pielou Evenness (Piclou, 1975)
(J") and Shannon-Wiener Diversity indices (Shannon & Weaver, 1949) (based on log2) (H’) were
calculated. For the abundances of the identified species, n-MDS (Non-Metric Multidimensional Scaling)
analyzes were calculated using PRIMER (ver. 7). All analyzes were conducted with live mollusc
specimens also dead specimens (only shell) were counted and added to the tables.

3. Results
3.1. Biological data
Seasonal data

Totally 7142 individuals m belonging to 35 mollusc species were identified seasonally in 2010
and 2011 (Table 2).
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Table 2. Average abundance ind/m? and standard deviation results (%) of live mollusc species in different stations according to seasons. In parantheses mean
dead mollusc individuals.m?. *: New records for the island

TP MS GL GM AK KR SL SK TK DK BD KL
GASTROPODA
Gastropoda (sp.) )
Alvania cimex (Linnaeus, 1758) )
Alvania geryonia (Nardo, 1847)* 17+33,(2)
Alvania lactea (Michaud, 1830)* 2+4
Alvania punctura (Montagu, 1803)* (2)
Alvania sp. 8) (6) 4 2) 2)
Bittium reticulatum (da Costa, 1778) 63+114, (29) 1734346, (4) (10) (8) 29458 2)
Bittium latreillii (Payraudeau, 1826) 8+17, (4)
Bittium sp. “4)
Cerithium vulgatum Bruguiére, 1792 448, (4) 244 448
Cerithium sp. 2)
Columbella rustica (Linnaeus, 1758) 4) 4+8
Conus ventricosus Gmelin, 1791 15420, (27) 2) “4) 4+8 4+8 15424
Fossarus ambiguus (Linnaeus, 1758)* (2)
Gibbula sp. )
Haminoea sp. * 19+32 2+4 2+4
Manzonia crassa (Kanmacher, 1798) 2)
Melarhaphe neritoides (Linnaeus, 1758) )
Odostomella doliolum (Philippi, 1844)* 2+4
Odostomia sp. 2)
Parvioris ibizenca (F. Nordsieck, 1968)* 2+4
Patella sp. 2+4 244
Patella caerulea Linnaeus, 1758 ) 2+4 6+13 6+13
Philine sp. * 244
Philine aperta (Linnaeus, 1767)* 6+13 2+4
Pisania striata (Gmelin, 1791) 2+4
Pusia granum (Forbes, 1844)* (8)
Pusia tricolor (Gmelin, 1791)* 2)
Pusillina radiata (Philippi, 1836)* 4) (19)
Pusillina sp. (19)
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Table 2. Average abundance ind/m? and standard deviation results (%) of live mollusc species in different stations according to seasons. In parantheses mean
dead mollusc individuals.m?. *: New records for the island (continued)

TP MS GL GM AK KR SL SK TK DK BD KL
Retusa sp.* 13£25, (6) 2) 4) 4)
Retusa variabilis (Milaschewitsch, 1912)* 2+4
Rissoa lia (Monterosato, 1884)* 8+17
Rissoa scurra (Monterosato, 1917)* (2)
Rissoa similis Scacchi, 1836 (6) (10) 2) 33+67
Rissoa sp. 4 (6) 4 2) (6) 71)
Rissoa splendida Eichwald, 1830%* 2) 4) 6+13, (6)
Tritia incrassata (Strom, 1768) 6+13, (4) 448
Tritia sp. 6+13, (6)
Trophonopsis muricata (Montagu, 1803)* ) 2+4 2)
Vexillum sp. (2)
BIVALVIA
Bivalvia (sp.) 2)
Cardita calyculata (Linnaeus, 1758) 23£21 244 2+4 244 15429
Hiatella arctica (Linnaeus, 1767) 17£33 2+4
Irus irus (Linnaeus, 1758) 21442 17433 445 27433 10+21 25450 244
Modiolula phaseolina (Philippi, 1844) 6+13 6+8 2+4 244 4+5
Musculus costulatus (Risso, 1826) 2254406 42+49 73£140 38+60 29443 13425 448 58+56 42+63 445
Musculus discors (Linnaeus, 1767) 2+4
Musculus subpictus (Cantraine, 1835) 244
Mpytilaster minimus (Poli, 1795) 448 21£25 110£189  190+379 13425 19422 244
Mpytilus galloprovincialis Lamarck, 1819 445 79+153 127+147
Parvicardium scriptum (Bucquoy, Dautzenberg & Dollfus, 1892) 2+4
Venerupis corrugata (Gmelin, 1791)* 4+8
POLYPLACOPHORA
Acanthochitona crinita (Pennant, 1777)* 2+4 2+4
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The highest number of individuals (1558 ind.m™) and species (16) at the TP station was recorded
in July (Figure 1).
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Figure 1. The number of species and individuals in seasonal data (ind/m?).
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In seasonal data, Musculus costulatus was the common mollusc species and the other 34 were
the rare species while Musculus costulatus (30 %), Mytilaster minimus (20 %), Bittium reticulatum (15
%) and Mytilus galloprovincialis (12 %) were the most dominant mollusc species. In fall, TP has the
highest Margalef and Shannon-Wiener indices and both BD and KL have the highest Pielou indexes, in
winter MS has the highest Margalef, Shannon-Wiener and Pielou indices, in spring TP station has the
highest Margalef, Shannon-Wiener and Pielou indices, in summer TP has the highest Margalef and
Shannon-Wiener indices and both AK and DK station have the highest Pielou index (Table 3).

Table 3. Margalef Richness (d), Pielou Evenness (J*) and Shannon-Wiener Diversity (H’) index values
obtained in different stations according to seasonal abundance

Seasons of Stations

Indices TP MS GL |

Spring Summer  Fall Winter Spring Summer Fall Winter  Spring Summer Fall Winter
d 0.24 2.04 1.43 * * 0.22 1.04 0.27 * 0.57 1.33 *
J' 0.95 0.63 0.97 * 0.41 0.37 0.72 * 0.80 0.85 *
H' 0.95 2.51 291 0 041 1.12 0.72 0 1.86 2.55 0.00
Indices GM AK KR

Spring Summer Fall  Winter Spring Summer Fall Winter  Spring Summer Fall  Winter
d * 0.52 0.29 0.20 * 0.40 0.98 * * 0.83 *
J' * 0.38 0.60 0.34 0.82 0.82 * * 0.93 *
H' 0 0.76 0.94 0.34 1.30 2.11 0 0 2.15 0
Indices SL SK TK

Spring Summer Fall  Winter Spring Summer Fall Winter Spring Summer Fall  Winter
d * * 0.89 * * * 0.54 * * 0.40 0.026 0.24
J' * * 0.80 * * 0.78 * * 0.39 0.65 0.54
H' 0 0 1.87 0 0 1.56 0 0 0.61 0.65 0.54
Indices DK BD KL

Spring Summer Fall  Winter Spring Summer Fall Winter Spring Summer Fall  Winter
d * 0.84 1.23 * * * 0.36 * * 0,36 0.24
J' * 0.82 0.88 * * 1 * * 1 0.54
H' 0 2.13 248 0 0 1 0 0 1 0.54

Monthly data

In total 2292 individuals.m belonging to 25 mollusc species were identified monthly at the
station of YZ in the years 2010 and 2011 (Table 4).
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Table 4. Average abundance and standard deviation (£) results of live mollusc species in the stations according to seasons and average abundance results of
dead molluscs (ind/m?) in the YZ station. *: New records for the island

April May June July August September October November December January February March
GASTROPODA
Gastropoda (sp.) 8) ®)
Alvania cimex (Linnaeus, 1758) ®) ®)
Alvania sp. ®)
Aplus scacchianus (Philippi, 1844) 17+29
Bittium latreillii (Payraudeau, 1826) 25+43 &)
Bittium reticulatum (da Costa, 1778) (33) a7 17429, (8)
Cerithium vulgatum Bruguiére, 1792 17£29, (17)
Chrysallida sp. 8)
Columbella rustica (Linnaeus, 1758) (33) a7 8) ®)
Conus ventricosus Gmelin, 1791 (25) (25) 17+29, (8) (33) 8+14 17429
Diodora graeca (Linnaeus, 1758)* 25+25 8+14
Manzonia crassa (Kanmacher, 1798) 17
Melarhaphe neritoides (Linnaeus, 1758) 8)
Pisania striata (Gmelin, 1791) ®) 8)
Pusia granum (Forbes, 1844)* 8) 8+14
Pusillina radiata (Philippi, 1836)* 42472
Raphitoma sp. 8)
Retusa sp.* 8)
Rissoa splendida Eichwald, 1830* ®8) 8+14 ®)
Tritia incrassata (Strem, 1768) 25443 17 8+14 8+14
Tritia sp. 17) 8)
Tritia varicosa (W. Turton, 1825)* 8+14
Trophonopsis muricata (Montagu, 1803)* 19+29 25+43 ®)
Trophon sp.* 8) (8)
BIVALVIA
Cardita calyculata (Linnaeus, 1758) 58+80 8+14 8+14 25443 250+130 325+563 75475 125+139 108+188 33429
Ctena decussata (0. G. Costa, 1829) 8+14 92+159
Hiatella arctica (Linnaeus, 1767) 8+14
Irus irus (Linnaeus, 1758) 50+87
Limaria tuberculata (Olivi, 1792) 8+14 8+14
Modiolula phaseolina (Philippi, 1844) 8+14 8+14
Musculus costulatus (Risso, 1826) 333+£290  17£29 17£29 83438 42+72 17+£29 8+14 25+25
Mpytilaster minimus (Poli, 1795) 33+29 8+14 25+43 8+14 8+14 25+43 25+25 50+66
Mpytilus galloprovincialis Lamarck, 1819 8+14
Parvicardium scriptum (Bucquoy, Dautzenberg & Dollfus, 1892) 8+14
Venerupis corrugata (Gmelin, 1791) * 17429
POLYLACOPHORA
Acanthochitona crinita (Pennant, 1777)* 8+14 8+14
Rhyssoplax olivacea (Spengler, 1797) 8+14
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YZ station has the highest individual number (508 ind.m™) in November and species numbers
(11) in November and February (Figure 2).
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Figure 2. The number of species and individuals/m? in YZ station according to months.

According to the monthly obtained data, Cardita calyculata, Musculus costulatus and Mytilaster
minimus were the species with continuous distribution, Conus ventricosus, Tritia incrassata were
withcommon distribution and the other 20 ones were rarely distributed. Cardita calyculata (44 %) and
Musculus costulatus (24 %) were the most dominant species. In the February was calculated the highest
Margalef and Shannon-Wiener index and in the September the highest Pielou index value (Table 5).

Table 5. Margalef Richness (d), Pielou Evenness (J’) and Shannon-Wiener Diversity (H”) index values
according to monthly data in YZ Station

Indices April May June July August September October November December January February March

d * 0.49 0.57 0.57 0.29 1.04 1.16 1.61 0.22 0.57 1.72 0.69
J' * 0.58 0.95 0.95 0.81 0.97 0.60 0.58 0.81 0.71 0.79 0.88
H' 0 1.15 1.50 1.50 0.81 2.51 1.80 2.00 0.81 1.41 2.73 1.75

Comparison between the summers of the years 2010 and 2021

In Gokgeada Island, five mollusc species including 183 individuals.m™ in the summer of 2010
and 26 mollusc species with 4183 individuals.m? in the summer of 2021 were identified (Table 6). YZ
was the highest individual (3267 ind.m?) and species numbers (23) in 2021 (Figure 3).
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Table 6. The mean, standard deviation results () of live mollusc species in different stations according to seasons and the mean results of dead molluscs in the
summers of 2010 and 2021 (ind.m?) in the brackets. *: New records for the island

YZ AK KL SL SK
2010 2021 2010 2021 2010 2021 2010 2021 2010 2021
GASTROPODA
Alvania cimex (Linnaeus, 1758) (67)
Alvania sp. 8+14
Bittium reticulatum (da Costa, 1778) (33) 725+458, (358) 192+176, (42) 167495 17
Caecum trachea (Montagu, 1803) 25+43
Caecum sp. 8)
Caecum subannulatum de Folin, 1870* 8+14
Cerithium vulgatum Bruguiére, 1792 7174413 ®)
Columbella rustica (Linnaeus, 1758) (33)
Conus ventricosus Gmelin, 1791 (25) 75+66, (33) (&)
Mangelia vauquelini (Payraudeau, 1826)* 17429
Mangelia sp. 8)
Odostomia sp. 8+14
Phorcus turbinatus (Born, 1778) ®)
Pusia granum (Forbes, 1844)* 8+14, (17)
Pusillina radiata (Philippi, 1836)* a7
Retusa sp.* 17 ®)
Rissoa sp. 25+43, (33) 8) 8)
Rissoa similis Scacchi, 1836 8+14
Rissoa splendida Eichwald, 1830* 8)
Tritia sp. 67+58, (17) 8+14
Tritia varicosa (W. Turton, 1825)* 25425
Trophonopsis muricata (Montagu, 1803)* 17
Trophon sp.* 8)
Spiralinella incerta (Milaschewitsch, 1916)* )
Steromphala varia (Linnaeus, 1758) 1714
BIVALVIA
Bivalvia (spl.) 42+72
Bivalvia (sp2.) 25+43
Bivalvia (sp3.) 8+14
Cardita calyculata (Linnaeus, 1758) 8+14 125+175
Hiatella arctica (Linnaeus, 1767) 1714
Irus irus (Linnaeus, 1758) 17+14 42+72 25+25
Modiolula phaseolina (Philippi, 1844) 8+14 8+14
Modiolus barbatus (Linnaeus, 1758) 75+66 42+38
Mpytilus galloprovincialis Lamarck, 1819 42+52 108+166 150+238
Mpytilaster minimus (Poli, 1795) 8+14
Musculus costulatus (Risso, 1826) 17429 11424600 92+159 25+25 17£14 133438
Parvicardium scriptum (Bucquoy, Dautzenberg & Dollfus, 1892) 67+115
Sphenia binghami W. Turton, 1822 8+14
Venerupis corrugata (Gmelin, 1791)* 17+£29
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Figure 3. Comparison of individual and species numbers according to stations in the summer seasons of
2010 and 2021 (ind/m?).

In 2010, Musculus costulatus was the species with common distribution, the other four species
were rarely distributed and M. costulatus (59 %), and Irus irus (23 %) were the dominant species. In
2021, M. costulatus, Bittium reticulatum and Mytilus galloprovincialis were the species with continuous
distribution, frus irus, Modiolula phaseolina, Modiolus barbatus, Tritia sp.were with common
distribution, and the other 20 species were rarely distributed. Musculus costulatus (31 %), Bittium
reticulatum (26 %) and Cerithium vulgatum (17 %) were the dominant species. YZ and AK stations’
Pielou index values decreased in 2021 compared to 2010. The result calculated for KL station in summer
2021 was not statistically significant and no indices values were calculated for the stations KL, SL and
SK stations in 2010 since any species was detected (Table 7).

Table 7. Margalef Richness (d), Pielou Evenness (J’) and Shannon-Wiener Diversity (H”) index values
according to stations in the summer periods of 2010 and 2021

YZ AK KL SL SK
Indices 2010 2021 2010 2021 2010 2021 2010 2021 2010 2021
d 0.57 2.72 0.40 1.01 * 0 * 0.51 * 0.35
J' 0.95 0.61 0.82 0.68 * * * 0.92 * 0.90
H' 1.50 2.76 1.30 1.90 0 0 0 1.46 0 1.42

3.2. Environmental data

In 2010, the physicochemical parameters measured at YZ, AK, KL, SL, and SK stations were
as follow: temperature between 26.09 °C and 29.01 °C, salinity between 31.88 %o and 33.7 %o, dissolved
oxygen between 7.61 mg L' and 9.48 mg L', and TDS between 31.82 mg L' and 33.41 mg L.
Similarly, for these five stations in 2021, the temperature was between 26.79 °C and 28.31 °C, the
salinity was between 31.77 %o and 33.08 %o, the dissolved oxygen between 7.91 mg L' and 10.51 mg
L' and the TDS was between 31.68 mg L' and 32.87 mg L"! (Figure 4).
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Figure 4. Physicochemical parameters measured at the stations YZ, AK, KL, SL, SK stations in 2010
and 2021 (T: Temperature, S: Salinity, DO: Dissolved oxygen, TDS: Total Dissolved Solids).

4. Discussion and Conclusion

After the check-list by Goniilal & Giiresen (2014), in which a total of 113 bivalves, 84
gastropods and 8 chitons of Gok¢eada mollusc fauna were reported, Aslan et al., (2018) listed 62 species
and later Barraud & Oztiirk (2022) reported 13 species from the same area. In this study, totally 76
mollusc species were identified from which 27 species are new records from the Gokgeada Island.

Among the seasonal samplings, TP Station was with the highest number of individuals and
species, probably due to the limited human access and existence of freshwater inflow in the region.
Sorgente et al., (2020) mentioned that the freshwater input may change the nutrient amount in an area
and make more efficient for organisms’ development, which fact supports our findings. In our study,
both in seasonal and summer samplings of 2010 and 2021, Musculus costulatus was the most dominant
species. This species was also reported from Bozcaada Island by Aslan Cihangir & Mutlu (2006), and
from the Canakkale Strait by Aslan-Cihangir & Ovalis (2013) and Tekeli and Aslan (2020). Among the
monthly samplings, YZ Station was with the highest number of individuals in November and the highest
species number in November and February. In the winter period, YZ station was with higher individual
and species numbers compared to other periods. A similar result was obtained by Aslan-Cihangir &
Ovalis (2013) in a study carried out in Canakkale Strait, in which study was found a decrease in the
abundance of mollusc species from summer to autumn, and the abundance rate was on its maximum in
the winter period. Rueda & Salas (2008) found that the abundance of molluscs was higher in autumn
and summer. Urra et al., (2013) stated that the richness and abundance indices for molluscs are higher
in the summer period, while the evenness and diversity indices are higher in the spring period.

In our study which is based on monthly data, Cardita calyculata is the most dominant species
in terms of the number of individuals. This species is known from Lesvos (Bogdanos et al., 2002) and
Bozcaada (Aslan Cihangir & Mutlu, 2006), localities close to Gokgeada. On the other hand, when the
summer months of 2010 and 2021 are compared, the number of species and individuals in the summer
0f 2021 was found higher than in 2010. In the summer of 2010, to attract tourists to the region, sand was
dumped on the Yildiz Koy shore having a hard bottom structure and this activity resulted with the
extinction of some organisms from the environment. Peterson & Bishop (2005) also stated that this
situation may disrupt the habitat structures in a region and adversely affect the invertebrate organisms
settled in the area.

The mucilage effects on mollusc species were firstly studied in Adriatic Sea in 1729 (Savun-
Hekimoglu & Gazioglu, 2021). Later, its effects were investigated in different regions of the
Mediterranean and as well as in Tiirkiye. Mucilage formation was found to have negative effects on
macrozoobenthic organisms (Schiaparelli et al., 2007; Piazzi et al., 2018; Aslan et al., 2021b;
Karadurmus & Sar1, 2022). Devescovi & Ivesa (2007) detected that a significant amount of Arca noae
died due to the mucilage event and stated that the species is sensitive. In the study conducted by Aslan
et al. (2021b), in Gokgeada, comparing the summer months of 2010 and 2021, it was determined that
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there was a decrease in the number of peracarid crustacean species and individuals in 2021 at all stations,
except for the YZ Station and the authors stated that the decrease in those stations was caused by the
formation of mucilage in the studied localities. However, mucilage was also detected in AK, SL and SK
stations, but was found that it had not a negative effect on mollusc species distribution or survival rates.

Gokgeada, rich in biological diversity and important due to its location in the Aegean Sea, is
adversely affected by the human activities nowadays and, as it seems, will continue to be affected in the
coming years. To prevent the area becoming irreversible due to many different activities such as
mucilage formation, long-term monitoring studies are needed to evaluate the faunistic and floristic
features of marine habitats along Gokgeada coasts.
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Oz: Fenolik bilesiklerin bircok antioksidan, antimikrobiyal, antienflamatuar,
antioksidan, antitiimor, kardiyoprotektif, noroprotektif ve antidiyabetik
aktiviteleri vardir. Orkidelerde fenoliklerle ilgili bilgiler ¢ok azdir ve orkide
yumrular1 6nemli droglardan biridir. Bu nedenle ¢aligsmada; hazir materyal olarak
elimizde bulunan Orchidaceae familyasindan Ophrys sphegodes Mill. subsp.
mammosa (Desf.) So6 ex E. Nelson (Kedikulagi) taksonuna ait yumrularda
fenolik bilesiklerin tespiti amaglanmistir. Bunun i¢in ¢i¢ceklenme asamasinda
bitkilerden yumrular alinmig, bu yumrulardan LC-MS/MS ile fenolik bilesik
analizi yapilmistir. Yumru 6rneklerinde 27 degisik fenol taranmis ve 12 fenole
rastlanmigtir.  Yapilan analiz sonucunda O. sphegodes subsp. mammosa
yumrularinda Gallik Asit, Protokatekuik Asit, 2,5-Dihidroksibenzoik Asit,
Klorogenik Asit, P-kumarik asit, Rutin, Trans Ferrulik Asit, Propil Gallate,
Kersetin, Lutolein, Kamferol, Izoramnetin tespit edilmistir. En fazla fenol
901.6510 ng/gr ile Kamferol olurken, en az fenol ise 1,0168 ng/gr ile Propil
Gallat’dir. Nicelik olarak ikinci sirada en fazla olan fenol 392.7265 ng/gr ile P-
kumarik asit, iciincii sirada 375.0809 ng/gr ile Trans Ferrulik Asit, dordiincii
sirada 69.4946 ng/gr ile Rutin’dir. Diger kalan fenollerin miktarlar1 20 ng/gr’mn
altindadir. Sonuglar, yakin ve uzak taksonlarla yapilan giincel g¢aligmalarla
karsilastirilmis ve incelenen taksonun olasi giiclii antioksidan ve antibakteriyel
etkileri ile ilag endiistrisi ve siirdiiriilebilir orkide tarimsal tiretim igin iyi bir
potansiyele sahip oldugu vurgulanmstir.
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Abstract: Phenolic compounds have many antioxidant, antimicrobial, anti-
inflammatory, antioxidant, antitumor, cardioprotective, neuroprotective and
antidiabetic activities. There is very little information about phenolics in orchids
and orchid tubers are one of the important drugs. Therefore, in the study; It was
aimed to detect phenolic compounds in tubers of Ophrys sphegodes Mill. subsp.
mammosa (Desf.) So6 ex E. Nelson (Kitten ear) from the Orchidaceae family,
which we have as ready-made material. For this, tubers were taken from the plants
at the flowering stage, and phenolic compounds were analyzed by LC-MS/MS
from these tubers. 27 different phenols were screened in tuber samples and 12
phenols were found. As a result of the analysis, O. sphegodes subsp. mammosa
Gallic Acid, Protocatechuic Acid, 2,5-Dihydroxybenzoic Acid, Chlorogenic
Acid, P-coumaric acid, Rutin, Trans Ferulic Acid, Propyl Gallate, Quercetin,
Luteolin, Kaempferol, Isorhamnetin were detected in tubers. The highest phenol
is Kampferol with 901.6510 ng/gr, while the least phenol is Propyl Gallate with
1.0168 ng/gr. P-coumaric acid with 392.7265 ng/gr is the second highest in
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quantity, Trans Ferrulic Acid is at the third place with 375.0809 ng/gr, and Rutin
is at the fourth place with 69.4946 ng/gr. The amounts of other remaining phenols
are below 20 ng/gr. The results were compared with the most recent similar
studies with close and distant taxa, and it was emphasized that the examined taxon
has a good potential for the pharmaceutical industry and sustainable orchid
agricultural production with its possible strong antioxidant and antibacterial
effects.

1. Giris

Orchidaceae familyasi, karasal veya agaclar lizerinde epifitler olmak iizere ototrof, saprofitik
veya parazitik ¢ok degisik yelpazede bitki formlarini igermektedir (Leake, 2005). Bitkilerin en biiytik
ailesi olarak kabul edilen Orchidaceae, 25.000—35.000 tiirlerden olusur (Attri ve ark., 2020). Tiirkiye’de
orkidelerin biiyiik bir béliimiinii, Orchidoideae subfamilyasi Orchideae tribusuna ait karasal orkideler
olusturmaktadir. Tiirkiye’de Orchidaceae familyas1 24 cins ve toplamda 229 taksonla temsil edilmekte
olup, bu say1 her gecgen giin yeni orkidelerin kesfi ile gittik¢e artmaktadir (Giiner ve ark., 2012). Giincel
verilere gore Tiirkiye Orchidaceae iiyeleri i¢erisinde takson sayis1 bakimindan en genis cinslerden birisi
olan Ophrys L. (Arisalebi) lilkemizde Sezik’e (2012) gore 77 tiir ile, Giiner ve ark. (2012)’na gore 109
takson ile temsil edilmektedir. Bu dikkate deger giizellikte bitkiler, ¢igek varyasyonlar1 ve degisik
tozlasma yontemleri ile birgok arastiricinin ilgi odagi olmustur (Cozzolino & Widmer, 2005).

Fenoller, ¢esitli faydali biyoaktivitelere sahip en az 10.000 farkl: bilesige sahip en bol molekiil
gruplarindan biridir (Rasouli ve ark., 2017). Bitkilerde polifenoller, diger biyotik ve abiyotik faktorlerin
yant stra UV radyasyonu, patojenler ve oksidatif strese kars1 koruma saglar (Di Ferdinando ve ark.,
2014). Insan viicudunda polifenoller antioksidan gorevi goriir ve antidiyabetik, antikanser,
antiinflamatuar, noroprotektif, hepatoprotektif, antifungal, antibakteriyel ve antiaging gibi c¢esitli
biyolojik 6zelliklere sahiptir (Ganesan & Xu, 2017; Gutiérrez-Sanchez ve ark., 2020).

Guniimiizde tibbi bitkiler, birgok insan ve hayvan hastaligmin tedavisinde biiyiikk o6lciide
kullanilmaktadir (Sharifi-Rad ve ark., 2015). Orkidelerle ilgili ¢ok ¢esitli biyoaktif fitokimyasal ve tibbi
ozellik tanimlanmistir. Bu nedenle, 6zellikle Hindistan'da orkideler, Ayurveda, Siddha ve Unani gibi
geleneksel ilaglarda gesitli terapdtik kullanimlar igin recete edilmektedir. Ornegin; Acampe praemorsa
(Roxb.) Hook.f, epifitik bir orkide olup, romatizma tedavisinde kullanilir. Habenaria Willd.’nin birgok
taksonunda yumrular, biling kaybimi tedavi etmek icin ve vermisit ve kan temizleyici olarak
kullanilmaktadir. Bauhinia variegata L., yogun fenolik bilesikleri nedeniyle cok cesitli sikayetleri tedavi
etmek icin geleneksel tipta yaygin olarak kullanilmaktadir. Satyrium nepalense D. Don, 2000-2400m
rakimli Uttarkand'm (Hindistan) yerel sakinleri tarafindan enerji verici bir tonik olarak ve farkli ates
tiirlerini tedavi etmek i¢in 6nemli bir ilag olarak kullanilmaktadir. Bu bitkinin yumrularinin, kéklerinin
ve govdelerinin kaynatilmasi, eski zamanlardan beri temel olarak ishal, dizanteri, ates, sitma gibi ¢esitli
rahatsizliklarin tedavisinde ve besin takviyesi olarak kullanilmaktadir (Babbar & Singh, 2016; Mishra
ve ark., 2018).

Cin'deki Dendrobium tiirlerinin taze veya kuru saplari, binlerce yildir kronik atrofik gastrit, cilt
yaslanmasi, ates, kanser ve kardiyovaskiiler hastalik gibi ¢esitli hastaliklarin tedavisinde hem geleneksel
Cin ilaglart hem de halk ilaglar1 olarak kullanilmaktadir (Zhang ve ark., 1994).

Orkidelerin bitkisel tipta kullanim1 ¢ok uzun bir ge¢mise sahiptir (Bulpitt ve ark., 2007).
Orkideler ¢aglardan beri agrilar, iltihaplar ve bulasici hastaliklar gibi ¢esitli hastaliklarin tedavisinde
bitkisel ilag olarak kullanilmaktadir (Hossain, 2011). Orkidelerin tibbi ilaglar olarak kullanimi hakkinda
simdiye kadar ¢ok sayida makale yaymlanmistir. Ornek olarak, Bletilla striata (Thunb.) Rchb.f.
tiiberkiiloz, iilser, kanama ve yaralari tedavi etmek i¢in kullanilir. Cin, Mogolistan ve Japonya'daki diger
kullanimlar, anksiyete, solunum bozukluklari, cilt bozukluklari, meme kanseri ve kan temizleyici
tedavisi ile ilgilidir. Yumrular ayrica mide-bagirsak bozukluklari, ates, sarbon, sitma ve sagkiran
tedavisinde de kullanilmistir. Giiney Afrika'da, bulasici hastaliklarin (Louw ve ark., 2002) ve kisirligin
(Steenkamp, 2003) tedavisi i¢in baz1 orkideler kullanilmaktadir. Hindistan'da, ¢ogunlukla yara
iyilestirici ajanlar olarak kullanilirlar (Kumar ve ark., 2007). Himalaya'da orkide yumrular1 bobrek ve
idrar rahatsizliklarini tedavi etmek i¢in kullanilir (Ballabh ve ark., 2008; Sut ve ark., 2017).

Dalar ve ark. (2015), ila¢ endiistrisi tarafindan kullanilan Dactylorhiza chuhensis Renz & Taub.
yumrusun da en diisiik toplam fenolik icerigine ve diisiik antioksidan 6zelligine atifta bulunmustur. Bu
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caligmada bitkinin yumrusunda Gallik asid, klorogenik asit ve Rutin bilesenleri tespit edilmistir. Farkli
bir ¢alismada (Gutiérrez-Sanchez ve ark., 2020) ise Rhynchostele rossii (Lindl.) Soto Arenas & Salazar
tiirii bir orkidenin kdklerinde kumarin (skopoletin), sinnamik asid (koumarik asit, ferulik asit ve trans-
sinnamik asit), benzoik asid (vanillik asit, vanillin ve 4-hydroksibenzoik asit) tespit edilmistir. Yine
Himalayalarda yetisen bir yiiksek rakimli Satyrium nepalense tiirinin yumrularinda gallik asit ve
quersetin fenolleri bulunmus ve ayrica ¢alismada bu fenollere bagl olarak antioksidan ve antibakteriyel
aktiviteleri test edilmistir (Mishra ve ark., 2018). Baska bir calismada, Dendrobium aphyllum
govdelerinden 5 yeni fenol tiirevi (fenantren, afillon A (1) ve dort yeni bibenzil tiirevi, afilon B (2) ve
afilaller C-D) tespit edilmistir (Dan ve ark., 2015). Anadolu’dan toplanan Dactylorhiza romana
(Sebast.) Soo6 subsp georgica (Klinge) So6 ex Renz & Taubenheim yumrularinda kimyasal igerik ve
biyolojik aktivitesi arastirilmis ve en fazla benzoik asit olmak tizere 9 farkli fenol tespit edilmistir
(Kotiloglu ve ark., 2020).

Orkide yumrularindan salep adi verilen igecek, Tiirkiye, Orta Dogu iilkeleri ve Giineydogu
Avrupa’da sevilerek tiiketilen bir icecektir. Salebin en énemli bileseni glukomannan olup, bilesiminin
%16-55’1ni olugturmaktadir (Sezik, 1984). Yukarida genis yelpazede verilen fitokimyasal ve fitoterapi
agirlikli ¢aligmalara ragmen yumrularda en 6nemli sekonder metabolitlerden biri olan fenollerin karasal
orkide yumrularinda yeterince ¢alisilmadig literatiir taramasi sirasinda dikkat ¢cekmistir. Ciinkii orkide
yumrusu, ekonomik ve tibbi ilag olarak olduk¢a énemlidir (T. C. Orman ve Su Isleri Bakanligi Orman
Genel Mudurligi, 2014) ve Tirkiye’de son yillarda bu yonii itibariyle tarla tariminda Orchis italica
Poiret ve Serapias vomeracea Briq Barlia robertiana (Loisel.) Greuter gibi taksonlarin yetistirilmeye
baglanmistir (Oguz ve ark., 2005). Dolayistyla ¢aligmanin amaci orkide yumrularindaki fenollerin
nitelik ve nicelik olarak tespit edilmesidir. Bunun igin ¢alismada yaygin bir takson olan ve yeterince
fenolik bilesikleri aragtirilmayan Ophrys sphegodes Mill. subsp mammosa (Kedikulagi) secilmis ve
yumrularinda fenolik bilesiklerin incelenmesi amaglanmistir.

2. Materyal ve Yontem

Calismada kullanilan bitki 6rnekleri, Edirne ilinde yapilan arazi ¢alismalarinda toplanmis olup,
Renz ve Taubenheim (1984), Deniz (2022) ve Euro Med PlantBase veritabanlarina (2011) yéntemine
gore Ophrys sphegodes Mill. subsp mammosa So6 ex E. Nelson (Kedikulagi) (Syn. O.mammosa,
Orchidaceae) olarak teshis edilmistir (Sekil 1). Toplanan 6rneklerin bir kismi, EDTU 8206 numara ile
herbaryuma (Trakya Universitesi Herbaryumu) dahil edilmistir.

Calismada ekstraksiyon iglemleri igin Bayram ve ark. (2020) yontemi modifiye edilerek
uygulanmustir. Ekstraksiyon solventi i¢cin %80 su, %19 metanol ve %1 formik asit karigimindan olusan
solvent hazirlanmigtir. 100pul numune 900ul ekstraksiyon soliisyonu olacak sekilde 6rnekler tartilmistir.
Daha sonra kesit alinan orkide yumrulari bu solvente konularak iri kalan yumrular par¢alanmistir. 30
saniye vorteks sonrasi soliisyon sonikatdr kullanilarak homojenize edilmistir. Ultrasonik banyoda
(Wiseclean) 10 dakika 40-45 °C’de bekletilen o6rnekler, daha sonra 5 dakikada 9000 rpm de santrifiije
edilmistir. Berrak siipernatant sivi kromatografi-tandem man spektrometrisi (LC-MS/MS) ile kantitatif
analiz i¢in kullanilmistir.

2.1. Kimyasallar, standartlar ve reaktifler

Formik asit (%98-100), metanol (Hypergrade LC MS), izopropil alkol (2-propanol) ve DMSO,
Merck, Darmstadt, Almanya. Amonyum format (HPLC derecesi) Sigma—Aldrich, Almanya. Referans
standartlar1 olarak; gallik asit, katesin, 2-5 dihidroksibenzoik asit, trans-kafeik asit, siringik asit, trans-
sinapik asit, trans-p-kumarik asit, trans-ferulik asit, resveratrol Fluka'dan ve protokatesik asit ise HWI
Analytik Gmbh, Almanya’dan saglanmistir. MTT (3(4,5-dimetiltiazol-2-il)-2.5-difeniltetrazo-lium-
bromiir) Biomatik Cambridge, Ontario'dan saglanmistir. Fosfat tamponlu tuzlu su (PBS) ve molekiiler
biyoloji dereceli su, Gibco, Invitrogen, Carlsbad, CA, ABD orijinlidir. Enstriimantal analiz icin
kullanilan ultra damitilmis suyun direnci 18.2 QX dur.
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Sekil 1. a. Cicek genel goriiniisii, b. Araziden toplanan ve saksida korunan 6rnekler, c¢. Caligmada
kullanilan yumrular (Foto: M. Aybeke).

2.2. HPLC-MS kosullar

Fenol analizleri, Jet Stream Elektrosprey iyonizasyon kaynagi (Agilent Technologies, Palo Alto,
CA, ABD) ile donatilmig Agilent 6460 Triple Quadrupole MS/MS System ile kombinasyon halinde bir
Agilent 1200 infinity LC iizerinde gerceklestirilmistir. Analitik kolon Agilent Poroshell 120 EC-C18
(4.6 9 50 mm, 2.7 pum partikiil boyutu) olup, sicakligi 25°C'ye ayarlanmistir. Mobil faz A, UPW, %0.2
amonyum format (h/h), %0.2 formik asitten (h/v) olusturulmustur. Mobil faz B, metanol, %0.2
amonyum format (h/h) ve %0.2 formik asitten (h/v) olusturulmustur. Akis hizi, ortam sicakliginda 0.3
ml/dak olarak diizenlenmistir. Enjeksiyon hacmi 1 pl ve LC gradyan olacak sekilde sdyle ayarlanmistir:
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0-1 dakika, %70 A, %30 B; 3—7 dk. %30 A, %70 B; 9-10 dk. %50A, %50 B; 11-12 dakika; %70 A,
%30 B. Calisma siiresi 12 dakikaya ayarlanmistir. Optimize edilmis MS analiz parametreleri su sekilde
ayarlanmistir: gaz sicakligi 325 °C'ye, nebulizator gaz basinci 45 psi'ye ayarlanmistir. Meme voltaji 500
V'a, kilcal damar 3000 V'a, kilif gaz1 sicakligr 12 L/dk'da kilif gaz1 akisi olacak sekilde 400 °C'ye
ayarlanmistir. Pozitif ve negatif iyon modunda ¢oklu reaksiyon izleme (MRM) gergeklestirilmistir. Veri
toplama Mass Hunter (versiyon B.06.01) yazilimi ile gergeklestirilmistir. 1.12 mTorr'da ¢arpisma gazi
olarak nitrojen (N2) kullanilmigtir. Kalibrasyon standart karigimlari, 1-200 ng/ml kalibrasyon
konsantrasyonlarinda %50 UPW, %25 metanol ve %25 izopropanol i¢inde hazirlanmigtir. Analizi
yapilan fenolik bilesikler gallik asit, protokatekuik asit, 2,5-dihidroksibenzoik asit, kafeik asit, siringa
asidi (siringik), klorojenik asit, katesin, epikatesin, 2-hidroksitranssinnamik asit, p-kumarik asit,
verbascozid, rutin, sinapik asit, naringin, trans ferrulik asit, etil galat, florizin, oleuropein, mirisetin,
resveratrol, propil galat, kuersetin, absisik asit, liitolein, kamferol, izoramnetin, apigenin ve ellagik
asittir. Caligma 3 tekerriirlii olacak sekilde yapilmis ve sonuglarin ortalamalari tablo halinde
sunulmustur.

3. Bulgular ve Tartisma

Calismada elde edilen analiz sonuglarina gére Kedikulagi yumrularinda bulunan fenoller, Gallik
Asit, Protokatekuik Asit, 2,5-Dihidroksibenzoik Asit, Klorogenik Asit, P-kumarik asit, Rutin, Trans
Ferrulik Asit, Propil Gallat, Kuersetin, Lutolein, Kamferol, Izoramnetin olarak tespit edilmistir.
Analizlerde 27 farkli fenol taramasi yapilmig olup bunlardan yumrularda 12 adedi bulunmus, kalan 15
tanesine ait higbir varlik tespit edilememistir (Cizelge 1, Sekil 2).

En fazla fenol 901.6510 ng/gr ile Kamferol olurken, en az fenol ise 1.0168 ng/gr ile Propil
Gallat’dir (Sekil 2A,C) . Nicelik olarak ikinci sirada en fazla olan fenol 392.7265 ng/gr ile P-kumarik
asit, liclincii sirada 375.0809 ng/gr ile Trans Ferrulik Asit, dordiincii sirada 69.4946 ng/gr ile Rutin’dir
(Sekil 2A,B). Diger kalan fenollerin miktarlar1 20 ng/gr’ i altindadir (Cizelge 1, Sekil 2C). Analizlerde
hi¢c bulunmayan fenoller ise Kafeik Asit, Siringik Asit, Katesin, Epikatesin, 2-Hydroksitranssinnamik
Asit, Verbascozit, Sinapik Asit, Naringin, Etil Gallat, Florizin, Oleuropein, Myrisetin, Resveratrol,
Apigenin ve Ellagik Asit’tir.

Cizelge 1. O. sphegodes subsp. mammosa yumrularindaki fenolik bilesiklerin listesi

Bilesik Konsantrasyon (ng/gr)
Gallik Asit 32,8383
Protokatekuik Asit 10,1617
2,5-Dihidroksibenzoik Asit 9,6073
Klorogenik Asit 11,6620
P-kumarik asit 392,7265
Rutin 69,4946
Trans Ferrulik Asit 375,0809
Propil Gallat 1,0168
Quersetin 11,6379
Lutolein 15,3624
Kamferol 901,6510
Izoramnetin 5,5336

Bu ¢alismada bulunan fenolik bilesiklerin fitoterapotik etkileri asagida verilmistir:
Kamferol, aralarinda antimikrobiyal, antienflamatuar, antioksidan, antitiimor, kardiyoprotektif,
noroprotektif ve antidiyabetik aktiviteler bulunan gesitli farmakolojik 6zellikler gostermekte ve kanser
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kemoterapisinde uygulanmaktadir. Spesifik olarak, kamferol agisindan zengin yiyecekler, cilt, karaciger
ve kolon dahil olmak {izere bazi kanser tiirlerini gelistirme riskinde azalma ile baglantilidir (Imran ve
ark., 2019). Kamferoliin normal hiicre canliligim1 koruma kapasitesinin yam sira anjiyogenezin
inhibisyonu da rapor edilmistir (Kim ve ark., 2017). Kanser o6nleme, ¢ogunlukla apoptozu artirarak
kanser hiicrelerinin ¢ogalmasini engelleyerek elde edilir (Yi ve ark., 2016). Anti-kanser rolii 6zofagus
kanseri, meme kanseri, rahim agzi kanseri, hepatoseliiler karsinom (HCC), yumurtalik kanseri, mide
kanseri (GC), kiigiik hiicreli olmayan akciger kanseri (NSCLC), 16semi, kolanjiokarsinom (CCA),
pankreas kanseri, mesane kanseri ve osteosarkomun yani sira iyi huylu durumlar, 6rnegin rahim
fibroidlerinde bile etkili oldugu belirtilmistir (Ren ve ark., 2019).

Luteolin agisindan zengin bitkiler, geleneksel Cin tibbinda hipertansiyon, inflamatuar
bozukluklar ve kanser gibi ¢esitli hastaliklarin tedavisinde kullanilmigtir. Anti-inflamatuar, anti-alerji
ve antikanser gibi birgok biyolojik etkiye sahip olan luteolin, biyokimyasal olarak hem antioksidan hem
de pro-oksidan olarak islevinin oldugu bilinmektedir. Ornegin, anti-enflamatuar aktivite, antikanser
ozelligi ile baglantilidir (Ali ve ark., 2019).

Trans-ferulik asit= FA’in, Ozellikle antioksidan ve sitoprotektif ozelliklere sahip oldugu
bildirilmistir (Kanski ve ark., 2002; Barone ve ark., 2009). Kimyasal yapisi nedeniyle FA'nin hem reaktif
oksijen tiirlerini hem de reaktif nitrojen tiirlerini siipiirdiigii gosterilmistir (Kanski ve ark., 2002; Barone
ve ark., 2009). Ek olarak, FA'nin, hem oksijenaz/biliverdin rediiktaz yolu gibi hiicre stres yanitinin
anahtar gili¢lendiricilerini yukari regiile ederek hem oksidatif hem de nitrozatif stresi Onledigi
gosterilmistir (Kanski ve ark., 2002; Barone ve ark., 2009).

Baskin bir polifenol olan gallik asidin, hayvan modellerinde ve in vitro kanserli hiicre dizilerinde
karsinojenezi inhibe ettigi gosterilmistir. Gallik asidin kanser hiicresi biiylimesi tizerindeki inhibitor
etkisine, hiicre dongiisii, metastaz, anjiyogenez ve apoptoz i¢in kodlayan genlerin modiilasyonu aracilik
eder. Gallik asit ayrica cesitli tiimor hiicrelerine karst segici olarak sitotoksik olmasi bu agidan 6nemlidir.
Birka¢ farmakolojik ve biyokimyasal yolu etkiledigi bilinen gallik asit, giicli antioksidan, anti-
inflamatuar, antimutajenik ve antikanser ozelliklere sahip oldugu bildirilmistir. Gallik asidin pro-
oksidan ozelligi, kanser hiicre dizilerinde apoptoz indiikleyicisi olarak kabul edilmistir. Calismalar
ayrica kimyasal kaynakli karsinojenezde gallik asidin koruyucu etkisini dogrulamigtir (Verma ve ark.,
2013).Protokatekuik Asit’in gii¢lii bir antioksidan etkiye sahip oldugu vurgulanmistir (Li ve ark., 2011).
2,5-Dihidroksibenzoik Asit’in gii¢lii antiviral etkisi ¢calismalarla tasdik edilmistir (Lisov ve ark., 2015).
Klorogenik asit, antioksidan aktivite, antibakteriyel, hepatoprotektif, kardiyoprotektif, anti-inflamatuar,
antipiretik, noro-koruyucu, anti-obezite, antiviral, anti-mikrobiyal, anti-hipertansiyon gibi birgok
onemli terapotik rolleri oldugu, ayrica radikal temizleyici ve merkezi sinir sistemi uyaricist olarak
gorevli oldugu bildirilmistir (Naveed ve ark., 2018).

Rutin'in ~ Antimikrobial, = Anti-arthritik, Anti-allergik,  Antioksidan, antikanser,
Antiinflammatuar, Anti-diabetik, yara iyilestirici etkileri gdsterilmistir (Negahdari ve ark., 2021).

Propil Gallat antioksidan o6zelligi nedeniyle gida sektoriinde katki maddesi olarak
kulllanilmaktadir (Garrido ve ark., 2012).

Qersetin’in antioksidan ve antikanser etkilere sahip oldugu bildirilmistir (Baghel ve ark., 2012).
[zoramnetin, kardiyovaskiiler ve serebrovaskiiler koruma, anti-tiimér, anti-inflamatuar, anti-oksidasyon,
organ koruma, obezitenin dnlenmesi gibi faydalar1 vardir. Gong ve ark., (2020) tarafindan yapilan
caligmalarda izoramnetinin kardiyovaskiiler hastaliklar ve g¢esitli tiimorler lizerinde ¢ok ¢esitli
farmakolojik etkileri oldugunu ve Alzheimer hastaligi gibi ndrodejeneratif hastaliklar1 6nleme
potansiyeline sahip oldugu, ayrica hiperlirisemiye ve pulmoner fibrozise karsi farmakodinamik
etkilerinin oldugu gosterilmistir.
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Sekil 2. Tespit edilen fenollerin miktarlarina bagh olarak 3 grafikte kategorize edilmesi; A. 100-1000
ng/gr miktarinda ¢ikan fenoller, B. 10-70 ng/gr miktarinda ¢ikan fenoller, C. 2-12 ng/gr
miktarinda ¢ikan fenoller.
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P-kumarik asit, antibakteriyel, antikanser, antienflamatuar, antidiyabetik, antibiyofilm,
antioksidan gibi aktivitelere sahip oldugu bildirilmistir (Celinska-Janowicz ve ark., 2018).

Benzer taksonlarla yapilan fenolik ¢calismalardan Hiirkan ve ark. (2019), Anacamptis morio (L.)
R.M.Bateman, Pridgeon & M.W.Chase, Anacamptis pyramidalis (L.) Rich., Neotinea tridentata (Scop.)
R.M.Bateman, Pridgeon & M.W.Chase, Ophrys mammosa Desf., Ophrys lutea Cav. ve Ophrys
speculum Link salep orkidelerinin sekonder metabolitlerini, toplam fenolik ve flavonoid bilesiklerini,
antioksidan ve antimikrobiyal aktivitelerini Ol¢miislerdir. Fitokimyasal taramada kumarinler,
flavanoidler, flavanonlar, kardiyak glikozitler, proteinler ve kinonlar bulundugu ortaya g¢ikarilmistir.
Calismada O. speculum tiirinin %35.12 ile en yiiksek antioksidan aktiviteye sahip oldugu ve onu
%33.17 ile O. mammosa tiriiniin takip ettigi belirlenmigtir. Biitiin tiirlerin yiliksek antioksidan ve
antimikrobiyal aktiviteye sahip oldugu goriilmiis ve bu biyoaktivitelerin, toplam fenolik ve flavanoit
bilesikleri ile pozitif olarak iligkili oldugu vurgulanmig fakat hangi fenollerin oldugu ayrinith olarak
bildirilmemistir. Bizim ¢alismamizda da O. sphegodes subsp. mammosa taksonunda kantitatif
analizlerle hangi fenollerin oldugu ayrmtili olarak verilmis ve bu taksonun fenolik bilesikler yoniinden
oldukga zengin oldugu goriilmiistiir (Cizelge 1; Sekil 2A-C).

Kotiloglu ve ark. (2020) Dactylorhiza romana (Sebast.) So6 subsp. georgica (Klinge) So6 ex
Renz & Taubenheim’in fitokimyasal 6zelliklerini incelemislerdir. Calismada bulunan fenoller sunlardir:
Protokatekuik Asit, p-hidroksi benzoik asit, Klorojenik asit, siringik asit, Vanilin, p-kumarik asit,
Benzoik asit, Sinnamik asit, Luteolin. Taranan fenolik standartlar arasinda 6zellikle en fazla bulunan
fenolik bilesenin antimikrobiyal etkinligiyle iyi bilinen benzoik asit (1455.3 pg/g ekstre) oldugu
goriilmistiir. Kisacas1 D. romana subsp. georgica yumru biyoaktif bilesiklerin kaynagi olarak gida ve
ila¢g endiistrilerinde kullanim igin biiyilk bir potansiyele sahip oldugunu belirtmiglerdir. Bizim
calismamizda da bulunan bazi fenoller burada da bulunmus olup, farkliliklarin taksondan ve yetisme
kosullarindan olabilecegi diisiiniilmektedir (Saglam, 2021).

Kiziltas ve ark. (2019) Dactylorhiza umbrosa (Kar. & Kir.) Nevski o6rneklerinde gallik asit ve
kersetin belirlemisler ve 6zellikle gallik asitin ¢ok fazla ¢iktig1 belirtilmistir.

Literatiirlere gére Phalaenopsis Blume hibrid orkidelerinde yapilan yaprak ve kok etanol
ekstraktlarinda gallik asidin ¢ok fazla oldugu bilhassa sar1 ¢igekli hibritlerde miktarlarin 446. 22 + 60.03
mg g'’a kadar yiikseldigi belirtilmistir (Minh ve ark., 2016)

Chimsook (2016), Dendrobium signatum Rchb.f ile yaptig1 caligmada, etanol ekstraktinin
toplam fenol igerigini 5.52 + 0.28 g (100 gr') olarak belirlemis ve artan fenolik degerlerinin bitkinin
biyoaktivitesi ile dogru orantili sonug¢ verdigini belirtmistir.

Aliyazicioglu ve ark. (2018) Dactylorhiza osmanica (Klinge) P.F.Hunt & Summerh. nin toprak
istii ksisimlarinda Gallik asit, protokatekuik aldehit, protokatekuik asid, p-hidroksi benzoik asit,
klorojenik asit, vanilik asit, kafeik asit, vanilin, siringaldehit, p-kumarik asit, ferulik asid, sinapik asid
ve benzoik asid tespit etmisler ve antioksidan ve antimikrobiyal denemeler yapmislardir. Ayrica
bakterilere kars1 orta derecede antibakteriyel aktivite gosterdigini ve buna gore D. osmanica yeni
farmasotiklerin gelistirilmesinde potansiyel bir kaynak olarak diisiiniilebilecegi bildirilmistir. Yine
endemik bir orkide olan Dactylorhiza chuhensis Renz&Taub. tiirliniin anti-oksidan etkinligi Dalar ve
ark. (2015)’nin yaptig1 ¢aligmada rapor edilmistir.

Dolayisiyla yukarida belirtilen bu yakin taksonlardaki ayni veya benzer fenolik bilesiklerle
yapilan biyoaktivite deneyleri ve bu fenolik bilesiklerin fitoterapik etkileri 1s18inda, Ophrys sphegodes
subsp. mammosa’nin giigli antioksidan ve antimikrobiyal etkilerinin olmasi yiiksek ihtimalle
beklenmektedir. Zira; Gutiérrez-Sanchez ve ark. (2020) Rhynchostele rossii'den yaptigi benzer
caligmalarda ayn1 fenolleri bulmus ve bitkinin antioksidan potansiyelinin bu bilesikler nedeniyle giiglii
oldugunu belirtmistir. Yine Mishra ve ark. (2018), Satyrium nepalense’de yumrulardan elde ettigi
metanol ekstraktinin, antioksidan ve antibakteriyel aktiviteler i¢in ilging bir potansiyel gosterdigine
dikkat ¢cekmis ve tibbi bitkiler ve gida takviyeleri alanlarinda gelecekteki uygulamalar i¢in Satyrium
nepalense’nin dikkat ¢gekici bir tiir oldugunu belirtmistir. Ayrica ¢aligmada gallik asit ve Qersetin yogun
icerigi nedeniyle bitkinin ilag endiistrisi agisindan gelecek vadettigi belirtilmistir.

Sonugta; orkideler iizerinde yapilacak birgcok fitokimyasal calisma, karasal orkidelerin
faydalarinin daha fazla kesfini saglayacaktir. Nitekim son zamanlarda yapilan bir ¢alismada (Dan ve
ark., 2015) bilim diinyas1 i¢in yeni fenoller bulunmus, bu fenollerin antioksidan aktivitelerine yer
verilmis ve orkideler iizerine yapilacak bu calismalarin 6nemine atifta bulunulmustur. Daha sonraki
caligmalarda O.sphegodes subsp mammosa yumru ekstraktlart ile MTT, antikanser, invazyon (yara
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kapama testleri), hiicre gogii testi ve antimikrobiyal etki testleri gibi ¢ok yonlii biyoaktivite denemeleri
planlanmakta ve c¢alismalarin ileride diger karasal orkideler tlzerinde de yayginlastirilmasi
hedeflenmektedir. Boylece tarimsal iiretime yeni orkidelerin eklenmesine, tarimsal ekonomide daha
fazla kazanglarin elde edilmesine ve ilag endiistrisi i¢in yeni alternatif uygulamalara zemin hazirlanacagi
distiniilmektedir.

4. Sonug¢

Bu calismada Salepgiller (Orchidaceae) ailesinden Ophrys sphegodes Mill. subsp. mammosa
(Desf.) So6 ex E. Nelson taksonu yumrularinda LC-MS/MS ile fenolik bilesik analizi yapilmistir. Analiz
sonucunda yumrularda gallik asit, protokatekuik asit, 2,5-dihidroksibenzoik asit, klorogenik asit, p-
kumarik asit, rutin, trans ferrulik asit, propil galat, Qersetin, liiteolein, kamferol ve 1zoramnetin tespit
edilmistir. Ophrys sphegodes taksonu agisindan fenolik bilesikler ayrintili olarak ilk defa tespit edilmis
olup, ayrica O.sphegodes’in fenoller acisindan zengin bir potansiyele sahip oldugu goriilmiistiir. Bu
nedenle gelecekteki calismalarda O.sphegodes subsp. mammosa yumrularinin ekstratlari ile MTT,
antikanser, invazyon (yara kapama testleri), hiicre go¢ii testi ve antimikrobiyal etki testleri gibi ¢cok
yonlii biyoaktivite denemeleri yapilacak ve bitkinin olas1 tibbi 6zellikleri aciga ¢ikarilacaktir.
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Oz: Bu makalede Van topraklarindan izole edilen Colpoda O. F. Miiller 1773
cinsine ait dort siliyat siliyat tiiriinii hem morfolojik hem de 18S rDNA gen dizisine
dayal filogenetik olarak inceledik. C. lucida, C. magna ve C. maupasi morfolojik
olarak literatiir verileri ile uyumludur. Morfolojik karakterleri bakimindan daha 6nce
tanimlanmis herhangi bir popiilasyon ile eslesmeyen bir popiilasyon ise Colpoda sp.
olarak sunuldu. C. lucida ve C. magna Tiirkiye siliyat faunasina ilk kez bu ¢aligma
ile kaydedilmistir. Filogenetik analizlerde (ML ve BI) Colpoda cinsi liyeleri dis grup
olarak kullanilan tiirlerden tam destek ile ayrilmigtir. Bu ¢alismada izole edilen C.
lucida ve C. magna filogenetik agaclarda daha once tanimlanmis tiirdesleri ile
birlikte konumlanirken C. maupasi popiilasyonunun morfolojik olarak benzer
olmamasina karsin C. eucaudata ile daha yakin konumlanmistir. C. lucida
tiirdeslerinin bazal pozisyonunda onlardan genetik olarak farklilasmis olarak yer
almaktadir. Colpoda sp. ise diger hemcinslerinden farkli bir kol iizerinde Colpoda
sp. (JF747216) popiilasyonu ile kardes pozisyonda ve ondan genetik olarak uzak
pozisyonda konumlanmistir. Colpoda sp.’nin filogenetik pozisyonu ve genetik
farklilig1 onun yeni tiir olmaya aday olduguna isaret etmektedir.
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Abstract: In the present paper, we have investigated four ciliate species belonging
to the genus Colpoda O. F. Miiller, 1773 isolated from Van soil and examined both
morphologically and molecular phylogenetically based on the 18S rDNA gene
sequence. C. lucida, C. maupasi and C. magna are compatible morphologically
with literature data. One population, which did not match any previously defined
species in terms of morphological characters, was presented as Colpoda sp. C.
lucida and C. magna were recorded for the first time in the ciliate fauna of Turkey
with this study. In the phylogenetic analyses (ML and BI), the members of the
genus Colpoda separated from the species used as the outgroup with full support.
In the phylogenetic trees, the C. lucida and C. magna species isolated in this study
clustered together with the same species described previously, while the C.
maupasi population was more closely located with C. eucaudata, although not
morphologically similar. C. lucida was located in the basal position of the other
populations of the same species and slightly genetically differentiated from them.
The Colpoda sp. isolated in this study is located on a different arm from its
congeners, in a sister position with the Colpoda sp. (JF747216) population and in
a genetically distant position from it. It's phylogenetic position and genetical
difference from other populations of the Colpoda sp. from other populations
indicating a candidate to be a new species.
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1. Giris

Siliyatlar hayat dongiilerinin tamaminda veya en az bir ddneminde sil tasimalar ile karakterize
edilen tek hiicreli 6karyotik mikroorganizmalar olup suyun ya da nemin bulundugu her tiirlii habitatta
yasarlar (Lynn & Small, 2000; Lynn, 2008). Diger yasam formlariyla simbiyotik iliskiler kuran tiyeleri
bulunmakla birlikte biiylik cogunlugu serbest yasarlar (Gogmen, 2014). Serbest yasayanlar her cesit
sucul ve karasal ortamlarda yayilmis olmasina karsin, gozle goriilemeyecek kadar kiigiik boyutlara sahip
olmalari, preparasyonlarinin zor ve zaman alici olmasi ve bu alanda uzmanlasmis arastiricilarin az
olmasi gibi sebeplerden 6tiirli uzun yillar bu organizmalar ile ilgili calismalar ihmal edilmistir (Foissner,
1999; Foissner ve ark., 2002; Chen ve ark., 2021; Li ve ark., 2021; Yildiz, 2021).

Mikroskobun kesfi ile varligindan haberdar oldugumuz sucul serbest siliyatlar ile ilgili
caligmalar 100-150 yil kadar 6ncesine dayanmakta olup bu organizmalarin sadece sularda yasadiklar
diistiniilmiistiir. Yirminci ylizyilin son ¢eyreginde toprak zerreciklerinin etrafindaki su filminde aktif
olarak yasan siliyat faunasinin varlig1 gosterilmis, ¢ok sayida toprak siliyat tlirli tanimlanmistir (Foissner
ve ark., 2002).

Siliyatlar taksonomisi ve filogenisi ile ilgili arastirmalar uzun bir siire morfolojik karakterlere
dayali olarak yiiriitiilmiistiir. Diger protozoon gruplar ile karsilastirildiginda siliyatlar daha zengin
morfolojik karakter cesitliligine sahip olmakla birlikte tek hiicreli bir organizmadan filogeniyi
yansitacak yeterli karakter elde etmek giigtiir. Glinlimiizde morfolojik verilere ilave olarak gesitli gen
bolgelerinin karsilagtirmasia dayali molekiiler ¢alismalarin bu alana dahil edilmesiyle siliyatlarin
filogenisi yeniden olusturulmaya ¢alisilmaktadir (Jang ve ark., 2017; Wang ve ark., 2017; Chen ve ark.,
2021; Li ve ark., 2021).

Colpoda kolpoditler arasinda tiir gesitliligi en yiliksek cinsi olusturur (Foissner, 1993). Bu
organizmalar ile ilgili farkli cografik bolgelerde ¢ok sayida morfolojik ¢alisma bulunmakla birlikte
molekiiler filogenetik ¢alisma oldukg¢a sinirlidir. Yapilan literatiir taramalar1 sonucuna gore lilkemizde
kolpodit siliyatlar ile ilgili sadece iki ¢aligma mevcut olup, bu galigmalarda (Cinar, 2011; Kaya & Senler,
2012) morfoloji ile stirlidir. Ulkemizde heniiz kolpodit siliyatlar ile ilgili molekiiler filogenetik calisma
yapilmamigtir. Van ilindeki toprak orneklerinden izole edilen Colpoda cinsine ait siliyatlar lizerinde
gergeklestirilen bu morfolojik ve molekiiler filogenetik ¢aligma, tilkemizde bu organizmalar tlizerinde
gerceklestirilen ilk calisma olma 6zelligindedir.

2. Materyal ve Yontem

Bu ¢aligmanin materyalini Van ili (Tusba, ipekyolu ve Edremit ilgeleri) topraklarindan izole
edilen Colpoda cinsine ait siliyatlar olugturmaktadir.

2.1. Orneklerin alinmasi ve Kiiltiir yapim

Toprak 6rnekleri nemli kalma periyodu uzun, organik maddece zengin, bitkisel dokiintiilerin
bulundugu ortamlardan alindi. Orneklemeler, yiizeyden 5-10 cm derinlige kadar olan iist toprak tabakas1
styirilarak yapildi. Alinan toprak 6rnekleri gblgede, oda sicakliginda 30 giin kadar kurutulduktan sonra
paketlenerek siliyat kiiltiirlerinde kullanilmak {izere nemsiz ve karanlik ortamda saklandi (Foissner ve
ark., 2002; Vd’acny & Foissner, 2012). Kuru toprak ornekleri Petri kaplarinda saf su ile doyurularak
kiiltiirler hazirlandi. Kolpodidtlerin besin kaynaklarindan olan bakterilerin liremesini tesvik etmek igin
kiiltiir ortamina irmik, bugday ve piring gibi cesitli karbonhidrat kaynaklar1 ilave edilerek oda
sicakliginda 3-10 giin inkiibasyona birakildi.

2.2. Morfolojik yontemler

Kiiltiirlerinin 3. giiniinden itibaren Petri kaplarindan alinan siv1 stereo mikroskop altinda (Leica
S8) kiigiik bityiitmelerde (10X-80X) canli olarak gézlendi. Kilcal pipetler ile toplanan siliyatlar yiiksek
biiytitmeli (100-1000X) faz-kontrast ve diferansiyel interferens-kontrast 6zellikli Zeiss Axio Imager 2
mikroskobu altinda incelendi, canli hiicre olglimleri alindi, amaca uygun olanlarin goriintiileri
kaydedildi. Siliyatlarin oral ve somatik siliyatiir, kortikal yapi, niiklear organizasyon gibi ayrintili
morfolojik karakterlerinin belirlenmesi igin ¢esitli glimiis boyama teknikleri uygulandi (Foissner & Xu,
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2007; Vd’aény & Foissner, 2012; Foissner, 2014). Hazirlanan preparasyonlardan amaca uygun olanlarin
gorintileri kaydedildi, gesitli morfolojik karakterlere iliskin 6l¢iim ve sayimlar alindi, elde edilen
sayisal veriler istatistiksel olarak degerlendirildi, sonuclar gizelgeler seklinde 6zetlendi.

Siliyatlarin ¢esitli morfolojik karakterlerine ait ¢izimler, canli ve preparasyonlardan alinan
gorintiler ile gdzleme dayali kaba el ¢izimleri kullanilarak bilgisayar ortaminda Adobe Photoshop CS5
(Adobe System Inc.) programi kullanilarak yapildi.

2.3. Molekiiler filogenetik yontemler

Kiiltiir sivilarindan toplanan canli hiicrelerin besin vakuollerinde olast sindirilmemis yabanci
hiicresel yapilarin bertaraf edilmesi i¢in, 3-4 saat sterilize edilmis kiiltiir sivisinda bekletildiler. Bu siire
sonunda hiicreler 4-5 kez sterilize edilmis saf sudan gegirildikten sonra yaklasik 1 pL su ile birlikte, her
bir tiipte 1 hiicre olacak sekilde 200 pL’lik tiiplere aktarildilar. Tiipler DNA izolasyonu yapilincaya
kadar -54 °C’de derin dondurucuda 2-6 ay muhafaza edildi. Genomik DNA’nin izolasyonu Gong ve ark.
(2007) ile Yildiz (2021)’a gore yapildi. Siliyatlarin 18S rDNA gen bolgeleri EukA, EukB primerleri
kullanilarak PZR (polimeraz zincir reaksiyonu) ile ¢ogaltildi (Medlin ve ark., 1988). PZR unda Yildiz
(2018)’in bildirildigi kosullar kullanildi. Hedef DNA bélgesinin ¢ogaltildigin1 dogrulamak i¢cin PZR
iiriinii DNA belirteci esliginde agaroz jel elekroforezinde kosturuldu. Her bir kolpodit tiirii i¢in 2 PZR
iiriinii dizilemek iizere secildi. Niikleotid dizileri, PZR primerleri ve bir i¢ primer (SR7R) kullanilarak
BM Laboratuvar Sistemlerinde okundu.

Elde edilen niikleotid dizi parcalarimin kalitesi ve giivenirliligi CodoneCode Aligner
programinda kontrol edildi, diisiik kaliteli ve belirsiz kromatogram iceren bas ve son bdliimler manuel
olarak kesilerek niikleotid diziden uzaklastirildi. Her bir kolpodit tiirii i¢in 6 adet giivenilir DNA dizi
parcasinin hizalanmasindan elde edilen konsensiis dizisi filogenetik analizlerde kullanilmak iizere
kaydedildi. Her bir kolpodit popiilasyonu i¢in elde edilen konsensiis GenBank (NCBI) verileri ile
hizalanarak diger popiilasyonlar ile benzerlikleri kontrol edildi.

Bu ¢alismada izole edilen siliyatlarin filogenetik analizleri i¢cin mevcut gen dizileri ile birlikte
NCBI’dan elde edilen Colpoda cinsine ait 19 tiiriin gen dizisi ile dis grup olarak kullanilan Cyrtolophosis
Stokes, 1885, Pseudocyrtolophosis Foissner, 1989, Microdiaphanosoma Wenzel, 1953 ve
Aristerostoma Kahl, 1926 cinslerine ait tiirlerin gen dizileri kullanildi. NCBI’den elde edilen gen
dizilerinin kayit numaralar1 (assesion number) Sekil 5’de gosterilmistir. Filogenetik agacta kullanilan
gen dizileri Mega 7 programinda hizalandi. Niikleotid dizilerinin hizalanmasinda ClustalW algoritmasi
kullanildi (Tamura ve ark., 2013; Kumar ve ark., 2016). Hizalanmis gen dizilerinde ileri derecede
degiskenlik gdsteren ve hatali hizalanma olasilig1 bulunan niikleotid pozisyonlar1 GBlocks programi
kullanilarak hizalanmis dizilerden ayiklandi (Talavera & Castresana, 2007).

Filogenetik analizler maksimum olabilirlik (ML) ve Bayesian ¢ikarsamasi (BI) yaklagimlar ile
gergeklestirilmistir. ML analizi, [Q-Tree programi kullanilarak (Nguyen ve ark., 2015; Hoang ve ark.,
2018) ve model test analizi ile belirlenen GTR+F+I+G4 model kullanilarak 1000 bootstrapt olarak
yapildi. Bayesian analizi ise JModel-Test 2.1.7 yazilim1 ile AIC parametresi kullanilarak secilen modele
gore (GTR+G+I) 3.000.000 jenerasyon olarak MrBayes 3.2.6 yazilimi kullanilarak yapildi (Posada,
2008; Darriba ve ark., 2012; Ronquist ve ark., 2012).

3. Bulgular

Bu calismada Colpoda lucida Greff, 1888, Colpoda magna Gruber, 1879, Colpoda maupasi
Enriques 1908 ve Colpoda sp. olmak iizere 4 kolpodit popiilasyonu izole edilmis olup bu organizmalarin
morfolojik ve filogenetik 6zellikleri asagidaki gibidir.

3.1. Colpoda lucida Greff, 1888

Canli hiicre boyutlar1 ortalama 64x50 pm dir. Her iki lateralden bobrek veya fasulye
gorintmliudir (Sekil 1a, le, Cizelge 1). Postoral kisim preoralden hafif¢e daha genistir. Sol lateral diiz,
sag lateral ise konveks, hiicre 1:3-1:4 oraninda lateral olarak yassilagsmistir. Preoral bolgede 7-8
cikintidan olusan omurga yapisi mevcuttur (Sekil 1e). Vestibiiler agikligin sol tarafindan baslayip spiral
olarak posteriydr dorsale dogru yonelen orta derinlikte diyagonal arka sahiptir (Sekil 1c, 1g). Caplari 2-
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10 um arasinda degisen kiiresel bicimli besin vakuollerine sahiptir (Sekil 1e). Posteriyorde terminal
olarak konumlanmis tek vezikiiler yapida kontraktil vakuol bulunur (Sekil 1a, le).
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Colpoda lucida’nin fotograf (a-d) ve ¢izimleri (e-f). a: sag lateral canli; b, c: sag ve sol lateral

siliyatiirii; d, sag lateral glimiis ¢izgiler sistemi; e, canli; f, g, sag ve sol lateral siliyatiirii; h: oral
polikinetid organizasyonu. BV: besin vakuolii; DA: diyagonal ark; KV: kontraktil vakuol; Ma;
makroniikleus; Mi: mikroniikleus; POS: preoral siitur; SaOP: sag oral plikinetid; SoOP; sol oral
polikinetid; VA: vestibiiler agiklik; ok baslari: yivli omurga yapisi.

Cizelge 1. Colpoda lucida’nin morfometrik 6zellikleri

Morfometrik karakterler X Max Min SS VK N
Hiicre uzunlugu’, um 63.55 78.75 52.50 6.16 9.70 62
’ 65.61 95.00 45.00 9.45 14.41 74

Hiicre genisligi’, um 48.91 61.25 3791 5.79 11.85 61
’ 46.68 62.50 30.00 7.91 16.96 74

. e < % 7o 77.06 94.73 66,66 4.90 6.36 61
Hicre genisligi/hicre uzunlugu®, (%) 71.36 91.67 5000 865 1213 74
Vestibiiler agiligin apeksten uzakligi, pm 27.33 43.00 16.00 4.71 17.23 60
Makroniikleus uzunlugu, pm 13.57 18.00 9.00 2.21 16.27 46
Makroniikleus genisligi, um 11.30 16.00 8.00 1.69 14.90 46
Makroniikleus uzunlugu/makroniikleus genisligi 1.21 1.63 1.00 0.17 14.07 46
Mikroniikleus uzunlugu, pm 2.63 4.00 2.00 0.61 23.20 32
Mikroniikleus genisligi, um 1.81 3.00 1.00 0.53 29.52 32
Sag lateral somatik kineti sayisi 18.86 24.00 13.00 3.14 16.63 22
Sol lateral somatik kineti sayisi 19.15 23.00 14.00 2.79 14.59 13
Sag oral polikinetid uzunlugu 14.11 20.00 11.00 3.22 22.81 9
Sol oral polikinetid uzunlugu 13.00 17.00 10.00 2.49 19.19 10
Sol oral polikinetiddeki sil sirasi sayist 24.36 31.00 18.00 3.59 14.72 14

* Ust satir verileri canli hiicrelerden, al satir verileri giimiis impregnasyonu preparasyonlardan elde edilmistir.
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Oral aparey vestibiiler agikligin kaidesinde, ekvatoral diizlemin hafif¢e anteriyoriinde ventral
olarak konumlanmustir (Sekil 1a, 1d-f). Vestibiiler agikligin igerisinde ve onun sag ve sol duvarinda
konumlanmais, oral polikinetidlere sahiptir (Sekil 1b). Sag ve sol oral polikinetidler birbirlerine paralel
ve viicut ekseni ile yaklasik 45° a1 yapacak sekilde konumlanmislardir. Sol oral polikinetid raket bigimli
24 kadar kinetozom sirasindan olusur, sag oral polikinetidin kinetozomlar1 daha diizensizdir (Sekil 1h).

Niiklear aparey oval ya da kiiresel bi¢imli bir makroniikleus ile makroniikleusa yakin ya da onun
girintisi icerisine konumlanmis kiiresel bir mikroniikleustan olusur (Sekil 1b, 1c, 1e).

Hiicre yiizeyini orten somatik siller 6-7 pm uzunlugunda olup hiicre eksenine spiral olarak
diizenlenmis 18-19 dikinetid siradan (kineti) olusmustur (Sekil 1b-d, 1f, 1g, Cizelge 1). Sag ve sol
lateraldeki kinetiler oral agikligin anteriyoriinde karsi karsiya gelerek preoral siituru olusturur (Sekil 1b,
1f). Post oral sil siras1 8-10 kadardir (Cizelge 1). Kortikal yapidaki giimiis ¢izgilenmeler sistemi halkasal
motifler ve graniiller igeren ve dikdortgenlerden olusan ags1 bigimlidir (cucullus tip) (Sekil 1d, 1f, 1g).

3.2. Colpoda magna (Gruber, 1879) Lynn, 1978

Canl1 hiicreler ortalama 225x130 um boyutlarinda, somun ekmegini andirir (Sekil 2a-c, 2i-k,
Cizelge 2). Vestibiiler agikliktan baglayip spiral sekilde posteriyore dogru uzanan derin diyagonal arktan
dolay1 hiicre ii¢ bogumdan olusmus gibi goriiniime sahiptir (Sekil 2b, 2¢, 2i-k). Posteriyor ugta yer alan
son bogum (postoral kese) kontraktil vakuolii i¢erir (Sekil 2j, 2k). Sitoplazma renksiz ve yogun graniillii
olup kontraktil vakuoliin ¢cevresinde bulunan yag vezikiilleri ve kristal benzeri yapilardan dolay: kiiciik
biiylitmelerde koyu kahve rengi goriiniim arz eder. Ayrica sitoplazma igerisinde g¢esitli biiyiikliiklerde,
kiiresel bigimli, i¢erisinde sindirilmekte olan bakteri, alg ya da kiigiik protozoonlarin bulundugu besin
vakuolleri bulunur (Sekil 2a-c, 2i).

Postoral kese igerisinde terminal olarak konumlanmis tek kontraktil vakuol 10-15 kadar toplama
kanalina sahiptir (Sekil 2a, 2j, 2k). Toplama kanallarinin bazilar1 anteriydr uca kadar ulasir ve tek
bosaltim agiklig1 ile posteriyor kutuptan disari agilir.

Vestibiiler acgiklik ekvatoral diizlemin hafif¢e anteriyoriinde konumludur (Sekil 2b-d, 2f, 2i).
Vestibiiler ¢okiintiiniin igerisinde yerlesmis olan sag ve sol oral polikinetidler birbirlerine paralel olarak
konumlanmig olup, bu polikinetidler hiicrenin ana eksenine paralel olarak orijinlenip ventrale dogru
kivrilarak iki hilal yapist olustururlar (Sekil 2d, 2g, 21). Sol oral polikinetid yaklasik 65 kinetiden olusur.
Sag oral polikinetid diizenli kineti yapisi olusturmaz ve sol oral polikinetidden daha uzundur.

Makroniikleus uzunca oval bigimli olup hiicrenin ortasinda dorsale yakin konumludur. Oval ya
da kiiresel bigimli olan mikroniikleuslar makroniikleusa yakin konumlu olup sayilarinin 4-9 arasinda
degistigi goriilmiistiir (Sekil 2d, 2e, 21i).

Somatik siller 10 pm uzunlugunda olup dikinetid seklinde diizenlenmis ortalama 100 kineti
olusturur (Sekil 2d-f, Cizelge 2). Kinetiler dnceki tiirlerde oldugu gibi viicut eksenine spiral olarak
diizenlenmistir. Glimiis ¢izgiler sistemi cucullus tiptedir (Sekil 2h).

Cizelge 2. Colpoda magna’nin morfometrik 6zellikleri

Karakterler X Max Min M VK N

22528 301.00 117.00  221.50 19.05 50
188.71  237.50  137.50  187.50 11.48 97
131.54  199.00 67.00  129.00  20.79 50
110.75  150.00 55.00 110.00 15.48 97
58.32 66.11 46.18 58.02 6.17 50
58.57 73.68 37.93 58.67 8.88 97

Hiicre uzunlugu*, pm
Hiicre genisligi*, um

Hiicre genisligi/Hiicre uzunlugu*, %

Vestibiiler a¢iligin apeksten uzakligi, um 93.70  105.00 97.00 68.00 12.22 10
Makroniikleus uzunlugu, pm 61.64 102.00 41.00 60.00  20.30 22
Makroniikleus genisligi, pm 25.64 34.00 12.00 25.00 18.86 22
Makroniikleus uzunlugu /makroniikleus genisligi 2.46 4.25 1.64 2.37 22.61 22
Mikroniikleus sayis1 6.26 9.00 4.00 6.00  20.50 19
Sag latereal somatik kineti sayis1 54.00 73.00 42.00 50.00 21.73 7
Sol lateral somatik kineti sayis1 46.38 56.00 32.00 47.00 17.28 13
Sol oral polikinetideki sil sirasi sayisi 65.00 70.00 58.00 65.00 7.05 5

* Ust satir verileri canli hiicrelerden, al satir verileri giimiis impregnasyonu preparasyonlardan elde edilmistir.
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Sekil 2. Colpoda magna’nin fotograf (a-h) ve gizimleri (i-1). a-c: sag lateral canli; d, f: sag lateral
siliyatiirii; e: sol lateral siliyatiirii; g: oral siliyatiir; h: glimiis ¢izgiler sistemi; i-k: sag ve sol
lateral; I: oral polikinetid. BV: besin vakuolii; DA: diyagonal ark; KV: kontraktil vakuol; Ma:
makroniikleus; Mi: mikroniikleus; PK: postoral kese; POS: preoral siitur; SaOP: sag oral
polikinetid; SaOP sol oral polikinetid; VA: vestibiiler agiklik; Sekil 2d ve 2e’deki oklar:
mikroniikleuslar; Sekil 2a, 2j ve 2k’daki ok baslari: kontraktil vakuol toplama kanallari.

3.3. Colpoda maupasi Enriques, 1908

Canlt1 hiicreler ortalama 52x28 um boyutlarinda, sag ve sol lateralden bakildiginda anteriyor ucu
hafifge sivrilmis fasulye bigcimlidir (Sekil 3a, 3b, 3d-h, Cizelge 3). Oral aparey anteriyor yarimda olup
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preoral kisim postoral kisma gore ¢ok daha kisadir. Preoral kisimda 4-6 yivli ve ¢ikintili omurga yapist
bulunur (Sekil 3a, 3c, 3f). Dorsal yiizey konveks, ventral yiizey hemen hemen diizdiir (Sekil 3a, 3b, 3d-
h). Lateral olarak 1:2 oraninda yassilagmistir. Sitoplazma renksiz, kontraktil vakuole yakin bolgede
cubuk bicimli kristal yapilar mevcuttur. Sitoplazmada seyrek olarak dagilmis besin vakuolleri kiiresel
bicimli olup hiicrenin orta kisimlarina yakin konumludur (Sekil 3f). Vezikiiler yapidaki tek kontraktil

vakuol terminal olarak konumlanmis olup bir bosaltim agiklig1 ile posteriyor ugtan disari acilir (Sekil
3f, 3h).
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Sekil 3. Colpoda maupasi’nin fotograf (a-e) ve cizimleri (f-i). a, b: sag ve sol lateral siliyatiirii; c: oral
siliyatiir ve omurga yapisi; d, e: sag ve sol lateral giimiis ¢izgiler sistemi. f: canli hiicre ¢izimi;
g, h: sag ve sol lateral siliyatiir ¢izimi; i: oral polikinetid organizasyonu. BV: besin vakuoli;
KV: kontraktil vakuol; Ma: makroniikleus; Mi: mikroniikleus; OP: oral polikinetid; SaOP: sag
oral polikinetid; SoOP: sol oral polikinetid; VA: vestibiiler agiklik; ok baslari: yivli omurga
yapist.

Vestibiiler acgiklik anteriydr yarimda olup apekse (anteriyor uca) olan uzakligi hiicre
uzunlugunun ortalama %?26’s1 kadardir. Oral polikinetidlerden orijinlenen sillerin vestibiillumun digina
sarkmasi ile dikkat ¢eker. Sag ve sol oral polikinetidler birbirleri ile yaklasik 60° a¢1 yapacak sekilde
konumlanmistir. Sol oral polikinetid hiicrenin uzun eksenine dik olarak konumlanmistir. Sol oral
polikinettid oval ya da mekik bigimli 8-12 kinetozom sirasindan, sag oral polikinetid ise hilal bi¢imli,
5-6 diizensiz kinetozom sirasindan olusur (Sekil 3i).

Makroniikleus oval ya da kiiresel bigimli olup merkezi olarak konumlanmistir Sekil 3a, 3b, 3e,
3f). Oval bi¢imli tek mikroniikleus, makroniikleusun hafifge girintisi i¢indedir (Sekil 3f). Somatik siller
ve hiicre yilizeyindeki organizasyonu Onceki tiire benzerdir. Giimiis ¢izgiler sistemi dikdortgenler
seklinde, aspera tiptedir (Sekil 3g, 3h).
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Cizelge 3. Colpoda maupasi’ nin morfometrik 6zellikleri”

Karakterler X Max Min SS VK N
Hiicre uzunlugu, um 51.59 64.00 35.00 7.09 13.75 51
Hiicre genisligi, pm 27.10 38.00 16.00 5.13 18.94 51
Hiicre genisligi/hiicre uzunlugu, % 52.57 69.56 33.33 7.03 13.38 51
Vestibiiler aciligin apeksten uzakligi, pm 13.37 22.00 8.00 2.39 17.86 38
Makroniikleus uzunlugu, pm 10.35 16.00 7.00 1.74 16.80 49
Makroniikleus genisligi, pm 7.65 12.00 4.00 1.58 20.73 48
Makroniikleus uzunlugu /makroniikleus genisligi 1.39 2.60 1.00 0.33 23.36 48
Mikroniikleus uzunlugu, pm 2.00 3.00 1.00 0.50 25.00 9
Mikroniikleus genisligi, pm 1.17 2.00 1.00 0.35 30.30 9
Sag lateral somatik kineti sayis1 8.73 11.00 7.00 1.03 11.83 15
Sol lateral somatik kineti sayis1 8.88 10.00 8.00 0.64 7.22 8
Sag oral polikinetid uzunlugu 5.30 7.00 4.00 0.82 15.53 10
Sol oral polikinetid uzunlugu 4.44 5.00 4.00 0.53 11.86 9
Sol oral polikinetideki sil siras1 sayisi 8.86 11.00 7.00 1.35 15.19 7

*Olgiim ve sayimlar giimiis impregnasyonu preparasyonlarindan elde dilmistir.
3.4. Colpoda sp.

Canl1 hiicreler yaklagik 60x40 um biiyiikliigiinde, sag ve sol lateralden bakildiginda bobrek
bigimli dis hatlara sahiptir (Sekil 4a, 4e, Cizelge 4). Postoral kisim, preoralden hafif¢ce daha genistir.
Preoral kisim ventralde 7-8 yiv (omurga yapisi) tasir (Sekil 4e). Hiicre ylizeyinin sag laterali konveks,
sol laterali ise hemen hemen diizdiir olup canli bireyler 1:2 oraninda lateral olarak yassilagsmustir.
Vestibiiler acikligin sol kenarindan derin olarak baglayan diyagonal ark, posteriyore dogru siglasarak
hiicrenin son 2/3’liikk kisminda kaybolur (Sekil 4c, 4g). Renksiz olan sitoplazma yogun besin
vakuollerinden dolay1 kii¢iik biiylitmeli incelemelerde koyu goriiniim sergiler (Sekil 4e). Terminal
olarak konumlanmis vezikiiler yapida tek kontraktil vakuole sahiptir (Sekil 4a, 4e).

Cizelge 4. Colpoda sp.’nin morfometrik 6zellikleri

Karakterler X Max Min M VK N
58.07 72.00  48.00 57.00 9.29 65
56.33 72.00  45.00 56.00 11.97 76
37.17 49.00  29.00 37.00 12.08 65
33.86 48.00  23.00 34.00 14.57 76
64.07 78.57 52.63 64.28 9.16 65
60.14 7291 40.35 60.38 8.97 76

Hiicre uzunlugu®*, pm
Hiicre genisligi*, um

Hiicre genisligi/hiicre uzunlugu, %

Vestibiiler agiligin apeksten uzakligi, pm 26.03 38.00 21.00 26.00 12.26 67
Makroniikleus uzunlugu, pm 11.22 15.00 9.00 11.00 11.39 23
Makroniikleus genisligi, pm 8.09 12.00 6.00 8.00 21.06 23
Makroniikleus uzunlugu /makroniikleus genisligi 1.43 1.83 1.00 1.43  18.09 23
Mikroniikleus uzunlugu, pm 3.29 5.00 2.00 3.00 28.95 7
Mikroniikleus genisligi, pm 2.29 5.00 1.00 2.00 7.16 7
Sag lateral somatik kineti sayis1 15.97 19.00 12.00 17.00 12.47 34
Sol lateral somatik kineti sayisi 14.63 21.00 12.00 15.00 16.00 30
Sag oral polikinetid uzunlugu 14.18 19.00 10.00 14.00 14.80 17
Sol oral polikinetid uzunlugu 12.28 15.00  10.00 12.00 12.74 18
Sol oral polikinetideki sil siras1 sayisi 25.86 28.00  24.00 26.00 5.20 7

* Ust satir verileri canli hiicrelerden, al satir verileri giimiis impregnasyonu preparasyonlardan elde edilmistir.

Oral aparey ekvatoral diizlem {izerindedir (Sekil 4a, 4b, 4¢, 4f). Birbirlerine paralel olan oral
polikinetidler hiicrenin ana eksenine 45° a¢1 yapacak bi¢imde konumlanir. Hafif olarak kivrilmis olan
sol oral polikinetid 26-28 kinetozom sirasindan olusmustur. Sag oral polikinetid hilal bi¢imli, diizensiz
kinetozom toplulugu seklindedir (Sekil 4b, 4h). Ekvatoral diizlemin hafifce posteriyoriinde, dorsale
yakin konumlu, kiiresel veya hafif¢e oval bigimli tek makroniikleusa sahiptir. Mikroniikleus, kiiresel
bi¢imli ve makroniikleusa yakin veya makroniiklear girinti icinde yer alir (Sekil 4b, 4c, 4e).
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Somatik siller 6-7 pm uzunlugunda, dikinetid olarak organize olmus ve 15-16 sil sirasi (kineti)
olusturur (Cizelge 4). Somatik siliyatiir genel organizasyon bakimindan Colpoda lucida popiilasyonu
ile benzerdir. Glimiis ¢izgiler sistemi cucullus tiptedir (Sekil 4d, 4f, 4g).
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Sekil 4. Colpoda sp.’nin fotograf (a-d) ve ¢izimleri (e-h). a: sag lateral canli; b-d: sag ve sol lateral
siliyatiirleri; e: sag lateral canli; f, g: sag ve sol lateral siliyatiirii; h: oral polikinetidler. VA:
vestibiiler agiklik; KV: kontraktil vakuol; POS: preoral siitur; SaOP: sag oral plikinetid; SoOP:
sol oral polikinetid; Ma: makroniikleus; Mi: mikroniikleus; DA: diyagonal ark; BV: besin
vakuolii; ok baslart: yivli omurga yapisi.

3.5. Molekiiler bulgular

Her iki algoritma ile (ML ve BI) iiretilen filogenetik agaglar topolojik olarak birbirine ¢ok
benzer olduklarindan filogenetik analiz sonuglart ML agaci {lizerinde BI diiglim (nod) degerleri
gosterilerek sunulmustur (Sekil 5). Colpoda cinsi liyeleri ile dis grup olarak kullanilan Crytolophosidida
(A), Bryometopida (B) ve Scuticociliatia (C) takimi iiyelerinin ayrimi her iki algoritma ile tam olarak
desteklendi (ML/BI=100/1.00). Colpoda cinsi 4 ana kiime (klad) olusturmustur (K1-K4). K1 kiimesi
cinsin bazal pozisyonunda olup, ayrimi her iki algoritma ile ¢ok giiclii/tam olarak desteklenmistir
(ML/BI=99/1.00). Diger kiimelerin (K2—K4) ayrimlar1 da tam ya da gii¢lii olarak desteklendikleri
gorilmektedir.

Bu calismada izole edilen Colpoda maupasi K1 kiimesi igerisinde C. ecaudata (KJ873046) ve
C. maupasi (JF747215) ile birlikte konumlanmis olmakla birlikte C. maupasi’den (JF747215) ziyade C.
ecaudata’ya (KJ873046) daha yakin konumlanmig olmasi dikkat ¢ekicidir. Bu ¢calismada elde edilen C.
maupasi ile C. ecaudata (KJ873046) ayrimi her iki algoritma ile giiclii bir sekilde desteklenmistir
(ML/BI=98/0.99).

Van topraklarindan izole edilen ve herhangi bir tiire dahil edilemeyen ve Colpoda sp. olarak
bildirilen popiilasyon ile yine bu ¢alismada elde edilen Coplpoda magna popiilasyonu filogenetik agacta
K3 kiimesi igerisinde konumlanmustir. Mevcut Colpoda sp. popiilasyonu daha dnce bildirilmis Colpoda
sp. (JF747216) ile orta derecede bir destek ile (ML/BI=65/0.79) kardes pozisyonda ve olduk¢a uzun kol
uzunlugu ile kiimelenmistir. C. magna popiilasyonumuz ise K3 kiimesi igerisinde C. magna ile
(EU039896) kardes pozisyonda ve her iki algoritma ile ¢ok giiclii (ML/BI=97/1.00) desteklenmistir. C.
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minima (EU039897) ise C. magna popilasyonlar1 ile kardes ve onlarin bazal pozisyonlarinda
konumlanmis olup tam olarak (ML/BI=100/1.00) desteklenmistir.

Bu caligsma ile elde edilen diger bir popiilasyon olan Colpoda lucida, K4 kiimesi igerisinde C.
lucida (EU039895 ve KJ873048), C. cucullus (EU039893) ve C. inflata (KJ607917, M97908 ve
KJ607918) ile birlikte konumlanmis olup kiime igerisinde diger C. lucida popiilasyonlara yakin
konumlu ve onlarin bazal pozisyonundadir. Mevcut C. lucida popiilasyonunun diger C. lucida
poplilasyonlarindan ayrimi orta derecede (ML/BI=55/0.70) desteklenmistir.

70/0.81 Colpoda inflata KI607918

<«
Colpoda inflata M97908

18S rDNA 98/1.00 Colpoda inflata KI607917 =
ML /BI Colpoda cucullus EU039893 K4 < <
002 99/1.00 Colpoda lucida EU039895 -
Colpoda lucida KI873048 <«

53]

55/0.70 Colpoda lucida .

Colpoda henneguyiEU039894 =

98/1. o [§
97/1.00| Colpoda magna )
100/1.00{ ' Colpoda magna EU039896 - &)

Colpoda minima EU039897 K3 © @&

=
65/0.95 Cotpotnn) o =
65/0.79
100/1,00) Colpoda sp. JF147216 o < Z
Colpoda sp. AY905498
69/0.77 i = O
Colpoda steinii KF732885

100/1.00 —
100/1.00 Colpoda steinii DQ388599 o M
77/0.95 —— Colpoda steinii KI607916 K2 &)

99/1.00 . = o

Colpoda elliotti KI873047
83/0.89 <
100/1_00|: Colpoda aspera EU039892
Colpoda aspera KF111344 (O]~
98/0.99 Colpoda maupasi <
Colpoda ecaudata KI873046 K1
4=——-100/1.00 99/1.00
Colpoda maupasi JE747215 =4
100/1.00 Pseudocyrtolophosis alpestris EU264564 =
58/0.62] Cyrtolophosis minor JQ723962 < >
100/1.00 Cyrtolophosis mucicola EU039898

100/1.00 Microdiaphanosoma arcuatum GU997633 m =

100/1.00] Aristerostoma marinum EU264562
Aristerostoma sp. EU264563

Sekil 5. Colpoda cinsine ait 18S rDNA gen dizisine dayali BI ve ML filogenetik agaci. Bu ¢alismada
elde edilen popiilasyonlar agag lizerinde koyu yazi1 ile gosterilmistir. Kol ayrimlarindaki (nod)
sayilar ML bootstrap ve BI posteriydr olabilirlik degerlerini gostermektedir. Olgek, her 100
baz pozisyonundaki 2 substitisyon degerini gostermektedir. A= Cyrtolophosidida; B=
Bryometopida; C= Scuticociliatia; D= Oligohymenophorea.

4. Tartisma ve Sonug¢

Incelenen toprak kiiltiirlerinde Colpoda lucida, Colpoda magna, Colpda maupasi ve Colpoda
sp. olmak tizere 4 kolpodit siliyat tiirii belirlenmistir. C. lucida, C. maupasi, ve C. magna morfolojik
olarak daha once tanimlanmis popiilasyonlar ile biiyiik dl¢iide benzerlik gosterdigi tespit edilmistir
(Hofmann-Munz, 1991; Foissner, 1993; Diaz ve ark., 2003; Cimar, 2011; Kaya & Senler, 2012). Izole
ettigimiz bir diger popiilasyon ise morfolojik 6zellikleri bakimindan daha 6nce tanimlanmais higbir tiire
dahil edilemediginden Colpoda sp. olarak bildirilmistir.

Ulkemiz siliyat faunasi icin ilk kayit olan C. lucida iizerinde yapilmis morfolojik veri iceren
caligma oldukga azdir. Bu yiizden mevcut morfolojik bulgular sadece Foissner (1993) ile Kim & Min
(2015)’in bildirdikleri popiilasyonlar ile karsilastirilmistir. C. lucida’nin genel morfolojisi, somatik ve
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oral siliyatiir karakterleri bakimindan 6nceki popiilasyonlar ile benzer olmakla birlikte hiicre boyutlar
acisindan 6nceki tanimlamalardan biraz daha kiigiik oldugu tespit edilmistir.

C. maupasi daha once lilkemizde iki ¢aligmada rapor edilmistir (Cinar, 2011; Kaya & Senler,
2012). Genel morfolojisi, oral ve somatik siliyatiir karakterleri bakimindan dnceki popiilasyonlar ile
benzerdir.

C. magna tiirli bu ¢alisma ile lilkemiz siliyat faunasi i¢in ilk kez kaydedilmistir. Diger pek ¢ok
kolpodit tiirtinden ¢ok daha biiyiik olmas1 (120-300x65-200 um) ile dikkat ¢eker. Genel morfolojisi,
oral ve somatik siliyatiir karakterleri bakimindan 6nceki tanimlar ile uyumludur.

Bu ¢aligmada elde edilen gen dizilerinin de dahil edildigi filogenetik agaglarda Colpoda cinsi
iiyelerinin ortak kdkenden tek soy hatti olarak farklilasan monofiletik takson oldugunu ortaya
koymaktadir (Sekil 5). Bu sonuglar Vd'acny & Foissner (2019)’in bildirdikleri ile uyumludur. Bununla
birlikte, cinsin parafiletik oldugunu gosteren ¢alisma da mevcuttur (Foissner ve ark., 2014).

Her iki algoritma (ML ve BI) ile elde edilen filogenetik agagta mevcut C. lucida
popiilasyonunun K4 kiimesi igerisinde diger C. lucida popiilasyonlar ile (EU039895 ve KJ873048)
birlikte bir klad olusturduklari ve onlarin bazal pozisyonunda disaridan bagli olarak konumlandigi
gOrilmistir. Bu durum mevcut popiilasyonun dnceki popiilasyonlardan genetik olarak farkli oldugunu
ve diger popiilasyonlardan daha atasal konumda olduguna isaret etmektedir. Foissner ve ark. (2014)
Colpoda cinsine ait tiirlerin karasal ortamlarda cabuk yayilis gostermelerinden dolay1 farkli habitatlarda
yliksek farklilagsma potansiyeline sahip oldugunu belirtmislerdir. Bu ¢alismada izole edilen C. lucida
popiilasyonunun farklilagma diizeyinin diger iki popiilasyondan oldukga fazla olmasi bu Foissner ve ark.
(2014)’nin goriislerini desteklemektedir.

C. magna izolat1 filogenetik analizlerde Avusturya topraklarindan izole edilmis popiilasyon ile
K3 kiimesi icerisinde C. magna (EU039886) ile oldukca yakin konumlanmis olup genetik farklilagmanin
oldukea az oldugu goriilmistiir.

Morfolojik karakterleri bakimindan daha oOnce tanimlanmis hicbir popiilasyona dahil
edilemeyen Copoda sp. popiilasyonu K3 kiimesi igerisinde Foissner ve ark. (2011)’nin bildirdigi
Colpoda sp. (JF747216) popiilasyonu ile birlikte, onunla kardes pozisyonda ve birbirlerinden genetik
olarak oldukc¢a uzak olarak konumlanmistir. Bu sonuglar her iki Colpoda sp. popiilasyonunun da yeni
tiir olma potansiyelinin yiiksek oldugu diisiiniilmekle birlikte mevcut morfolojik verilerimiz yeni tiir
tanimlamak i¢in yeterli olmadigindan Colpoda sp. olarak rapor edilmistir.

Van topraklarindan izole etmis oldugumuz C. maupasi filogenetik agaclarda K1 kiimesi
igerisinde C. eucaudata (KJ873046) ile yakin iligkili ve kardes pozisyonda konumlanmis, tiirdesi olan
C. maupasi (JF747215) daha uzak pozisyonda olmasi dikkat c¢ekicidir. Bu durum Foissner ve ark.
(2014)’nin sonuglar1 ile uyumlu olmakla birlikte, C. maupasi ve C. eucaudata tiirlerinin ayriminda
kullanilan morfolojik karakterlerin sorgulanmasi ve yeniden ele alimmasinin gerekliligine isaret
etmektedir.

Filogenetik agacta (Sekil 5) Colpoda tiirlerinin dort ana soy hattindan (K1-K4) cesitlendikleri
goriilmektedir. Bu soy hatlarindan K1, diger soylarin kaidesinde farkli filogenetik yolu izleyerek
farklilasmis olduklar1 goriilmektedir. Bu durum bizlere, K1 kiimesinin yeni olusan bir soy hatti ve bu
soy hattindaki bireylerin heniiz yeni habitatlara yayilis i¢in zaman bulamamaislar ya da bu soy hatti ile
ilgili kiiresel 6l¢ekte heniiz yeterli veriye ulasamamis oldugumuzu gostermektedir.

Colpoda cinsi igerisinde siniflandirilan 200 kadar morfotiiriin oldugu bildirilmis olmasina karsin
bu tiirlerden sadece 23 tanesinin SSU rDNA (18S rDNA) gen dizisi kaydi bulunmaktadir. Bu durum
cinsin filogenetik esitlenmesinin anlasilmasinda sinirlayict bir etken olarak karsimiza ¢ikmaktadir.
Kiiresel dlgekte fakli habitatlardan izole edilecek mevcut bilinen tiirler ile yeni tanimlanacak tiirlerin
ayrmtili morfolojik caligmalar esliginde molekiiler veriler elde edildikce, bu organizmalarin soy hatlar
ve ¢esitlenmeleri daha iyi anlasilacaktir.

Bu calisma ile iilkemiz siliyat faunasina iki yeni siliyat tiri (C. lucida ve C. magna)
kaydedilmistir. Ayrica calismamiz iilkemizde kolpodit siliyatlar iizerinde yapilan ilk molekiiler
filogenetik ¢aligmadir.
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Makale Bilgileri Oz: Zayif manyetik alan olgiimleri i¢in kullanilan fluxgate sensorler uzay
) ortamindaki c¢evresel faktdrlerden oldukga fazla etkileniyor olsa da uzay
Gelig: 17.02.2023 gorevlerinde kanitlanmis performanslari ve giivenilirlikleri dolayisiyla oldukga

Kabul: 14.04.2023

Online Aralik 2023 yaygin tercih edilirler. Cevresel faktorler uzay araglarinin goérevini kismen ya da

tamamen engelleyebilecek biiyiik sorunlara neden olacagindan, bu ¢alismada
DOI:10.53433/yyufbed. 1252501 ¢evresel faktorlerden biri olan radyasyonun sadece sensor niivesi lizerinde etkileri
incelenmistir. U¢ farkli dozda Gama radyasyona maruz birakilan niivelerin

Anahtar Kelimeler karakterizasyon oOl¢iimleri yapilmistir. Hassasiyet Olglimlerinden elde edilen
Fluxgate sensor, Olcek faktorlerinin ¢ok az farkla birbirlerine yakin oldugu goriilmiistiir. Ayrica
Hassasiyet, yapilan giiriiltii analizlerinden artan radyasyon miktariyla giiriiltii seviyesinin ise
Radyasyon, nT mertebesinde arttig1 gdzlenmistir.

Soft manyetik malzeme

Effect of Co-60 Gamma Irradiation on the Fluxgate Sensor’s Cores

Article Info Abstract: Although fluxgate sensors used for weak magnetic field measurements
. are highly affected by environmental factors in the space environment, they are
Recieved: 17.02.2023 widely preferred in space missions due to their proven performance and

Accepted: 14.04.2023

Online December 2023 reliability. Environmental factors can cause major problems that may partially or

completely hinder the mission of spacecraft. In this study, the effects of radiation,
DOI:10.53433/yyufbed. 1252501 which is one of the environmental factors, only on the sensor core were
investigated. Characterization measurements of the cores exposed to three

Keywords different doses of Gamma radiation were made. It was observed that the scale
Fluxgate sensor, factors obtained from the sensitivity measurements were close to each other with
Radiation, very little difference. In addition, it was observed from the noise analyzes that
Sensitivity, the noise level increased in the order of nT with increasing doses of radiation.

Soft magnetic material

1. Giris

Fluxgate sensorler DC veya diisiik frekansli manyetik alan 6lgtimleri ig¢in genis kullanim alanina
sahiptir (Gordon & Brown, 1972; Tumanski, 2013). Ilk olarak 1930’lu yillarda ortaya ¢ikmustir.
Giliniimiizde medikal, metal endiistrisi, maden arama ve savunma sanayi gibi bir¢ok alanda
kullanilmasinin yan sira en yaygin kullanim alani uzay endiistrisinde konum ve yonelim belirleme
kontrol sistemleridir (Peterson ve ark., 1995; Clem, 1997; Snare, 1998). Uygulama alaninin amacina
gore farkli geometrilerde iiretilebilir. Yaygin olarak tercih edilen geometriler halka, gubuk ve yaris-pisti
seklindedir (Ripka, 1992). Yiksek hassasiyet, diigiik ofset ve yliksek sicaklik kararliligia sahiptir.
Diisiik enerji tiiketimi ve ekonomik agidan avantajli olmasi da tercih edilme sebeplerindendir (Ripka,
2002; Kubik ve ark., 2005; Ripka ve ark., 2010).

Fluxgate sensorler manyetik akiyr yogunlastirma ve yonlendirme amagli kullanilan, yiiksek
manyetik gegirgenlige sahip ferromanyetik malzemeden olusan bir niive ve etrafina sarilan uyarma ve
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algilama bobininden olusmaktadir. Uyarici AC bir alanla birlikte 6l¢lilmek istenen DC alanin
uygulanmasiyla olusan 2. harmonik sinyalinin DC alanla miikemmel dogrusallikta gdstermis oldugu
degisim fluxgate sensorlerin temelini olusturmaktadir (Primdahl, 1973).

Bir¢ok uydu gorevinde yer alan fluxgate sensorler gorevlerini basari ile tamamlamislardir
(Wallis ve ark., 2015; Hercik ve ark., 2017). Uzay ortaminin sicaklik ve radyasyon gibi zorlayici
cevresel kosullarindan dolay1 uydunun firlatildiktan sonra dayanikliligini korumasi ve gorevini basaril
bir sekilde devam ettirebilmesi bir hayli zordur. Uzay ortaminda radyasyon kaynaklari olarak Van Allen
kusaklari, giines sisteminden kaynakli y1ldiz patlamalari ve giines sisteminin disindan gelen X ve Gama
kozmik 1sinlar bilinir (Benton & Benton, 2001; Dachev ve ark., 2011). X 1s1n1 ve Gama 1g1n1 gibi kozmik
1sinlarm i¢inde yer aldig radyasyon tiirleri elektronlar1 yoriingelerinden koparabilecek enerjiye sahip
iyonize radyasyon gesitlerindendir.

Uydular firlatildiktan sonra diisiik irtifa bolgesinden uzaklasip Van Allen kusaklarinin bdlgesine
gegtiginde uzay radyasyonuna maruz kalmaya baslar (Gusev ve ark., 2003; Reeves ve ark., 2003).
Bilindigi iizere diinya manyetik alanindan kaynaklanan Van Allen kusaklari, glinesten ve yildizlardan
yayilan zararli 1ginlara karsi kalkan islevi géren bir tabaka olsa da ¢ok yiiksek enerjili i¢ ve dis radyasyon
kusaklarini i¢erir. Bu kusaklar bu bélgelerde zaman geciren uydularin sensor, elektronik devre ve giines
pilleri gibi ekipmanlarina zarar verir. Zarar1 ortadan kaldirmak ya da minimize etmek icin hassas
bilesenlerin korunmasi gerekir (Weaver & Villard, 1996). Bu sebeple bu bilesenlerin bu ortamlarda
kullanilabilirligini degerlendirmek ve ariza gostermeden Once alabilecekleri toplam iyonlastirict dozu
tahmin etmek icin Co-60 gibi radyoaktif kaynaklarm kullanimina dayali bir yeterlilik sistemi izlenir.
Avrupa Uzay Ajansmin (ESA) belirledigi standartlarda her tiirlii uzay gdrevi dncesinde yeryliziinde
radyasyon testleri yapilarak gerekli tedbirler alinir.

Bu calismada ayni atomik konfigiirasyona sahip niivelere standartlara uygun olarak farkl
dozlarda Co-60 Gama isinlartyla 1sinlanma yapildi. Genellikle radyasyon testlerinde 1sinlanma
ekipmanin elektronigi ile beraber tiim sisteme uygulanirken (Gomez ve ark., 2011; Hu ve ark., 2016;
Tiwari ve ark., 2022) bu ¢aligmada sensor elektronigi tamamen ayr1 tutularak sadece niivelere 1sinlanma
yapildi. Uygulanan radyasyon dozlarinin akabinde sensor karakterizasyon calismalar1 yapilarak
uygulanan radyasyon dozlarinin sensor performansina etkileri incelendi.

2. Materyal ve Yontem

Sensor niivesi olarak Vitroperm 800 (Fe73CulNb3Sil6B7) soft-manyetik nanokristalin
malzeme kullanildi. Demir tabanli bu malzeme nanokristalin malzemeler arasinda en iyi yiizey
kalitesine sahiptir. Ayrica yiiksek doyum miknatislanmasi, yiiksek manyetik gecirgenlik ve genis
sicaklik araliinda miikkemmel termal kararlilik gibi olduk¢a 6nemli 6zellikleri de vardir.

Bu calismada Vitroperm 800 serit niive kullanilarak 4 adet sensér hazirlandi. Oncelikle niiveler
cap1 15 mm olan halka kasnak {izerine 6 kat sarim yapildi. Niivelerden biri oldugu gibi kullanilirken
digerleri 3, 10 ve 20 kRad degerinde Co-60 Gama 1simasina maruz birakildi.

Niivelerin uyarma ve algilama bobin kasnaklar1 i¢in %30 cam dolgulu Tecapeek GF30 natural
kullanildi. Bu malzemenin segilme sebepleri arasinda mekanik dayanim, sertlik, yiiksek termal
kararlilig1 minimum termal genlesme ve yiiksek Gama 1s1nim dozlarina karsi iistiin direng sergileme gibi
ozellikleri vardir. Isinlama isleminden sonra uyarma bobinleri 300 um ¢apli bakir tel ile 130 tur toroidal
sarim yapilarak hazirlandi. Uyarma bobinlerinin i¢ine yerlestirilecegi algilama bobini ise 200 um capl
bakir tel ile 8 kat 480 tur sarildi. Niiveler iizerinde radyasyon etkisinin iyi bir sekilde goriilebilmesi igin
tek algilama bobini ile ¢alisildi. Sekil 1°de Fluxgate sensorii olusturan niive, uyarma bobini ve algilama
bobine ait goriintii verilmektedir.

Ikinci harmonik sinyal ve giiriiltii analiz Sl¢iimleri icin SRS-DS360 sinyal jeneratorii ve SR830
Lock-in yiikselteg sekronize edilerek kullanildi. Uyarma bobinine sinyal jeneratoriinden frekansi 15.625
kHz ve genligi 12 Vp-p olan kare dalga formunda sinyal gonderilerek algilama bobininde indiiklenen
gerilim lock-in yiikseltecten okundu. Referans DC alan kaynagi olarak Helmholtz Bobin sistemi
kullanildi. Helmholtz bobin sistemine akim Keithley 220 hassas akim kaynagindan siiriildii. Giiriiltii
analiz 6l¢iimleri i¢in sensorler sirayla 4 katli mu-metal icine yerlestirildi ve SR830 Lock-in yiikseltecin
cikis1 Agilent 35670A dinamik spektrum analizoriiniin girisine baglanarak dl¢timler yapildi.

844



YYU FBED 28(3): 843-847
Can / Co-60 Gama Isinlamasinin Fluxgate Sensor Niiveleri Uzerine Etkisi

Sekil 1. Fluxgate sensorii olugturan temel bilesenler.

3. Bulgular ve Tartisma

Hazirlanan sensorler Helmholtz bobin merkezine yerlestirildi. Sifir ofset degerinin etkisini
azaltmak i¢in uyarma bobini algilama bobini i¢inde dikkatli bir sekilde dondiiriildiikten sonra
karakterizasyon olgiimleri yapildi. Once ikinci harmonik sinyalin DC alanla degisimini gdsteren
hassasiyet dl¢limleri yapildi (Sekil 2). Bu dl¢iimlerde alinan verilerin tersine ¢evrilebilirligini gérmek
icin Once negatiften pozitife sonra pozitiften negatife belirli bir aralikta dlctimler yapildi. Elde edilen
veriler kullanilarak cizilen grafiklerden uygulanan DC alanla sensér sinyalinin muhtesem lineer
bagimliliga sahip oldugu goriildii ve dogrusal olmama karakteristigi (non-linearity) R?=1 olarak
hesaplandi.

10] —m—islemsiz
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0s] —"—20kRad
04 -
0,2 -
0,0 -
0,2 4
-0,4 4

2. Harmonik Sinyal [V]

-0,6
=08 -

1,0 4

T T T T T T T T T T
-0,3 -0,2 -0,1 00 01 02 03

H, [Oe]
Sekil 2. Ikinci harmonik sinyalin DC alanla degisim grafigi.
Sensorler 4 katl mu-metal i¢ine yerlestirilip giiriiltii analiz 6l¢timleri yapildi (Sekil 3). Giirtiltii

analizlerinde cihazdan alinan veriler V/VHz seklinde olup her bir sensore ait dlgek faktorii kullanilarak
her bir sensoriin giiriiltii seviyesi n'T/YHz birimine gevrildi.
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Sekil 3. Giiriiltii analiz 6l¢iim sonuglari.

Hassasiyet egrilerinin egimlerinden islemsiz, 3, 10 ve 20 kRad radyasyona maruz kalan
niivelerin 6lgek faktorleri sirasiyla 42, 39, 42 ve 41 kV/T olarak hesaplanmustir. Sekil 3’te verilen giiriilti
analiz sonuglar incelendiginde islemsiz, 3, 10 ve 20 kRad radyasyona maruz kalan niivelerin 1 Hz’deki
giiriiltii degerleri sirastyla 4.5, 4.7, 7.2 ve 7.6 n'T/NHz olarak dl¢iilmiistiir. Elde edilen sonuglarin oldukga
yakin oldugu ve uygulanan radyasyon dozlarinin etkisinin 6l¢ek faktdrleri ve giiriiltii seviyeleri lizerinde
cok biiyiik bir degisime sebep olmadigi goriilmiistiir.

Bir sonraki galisma i¢in niive malzemesi ayni olmak kosuluyla fluxgate sensor ve elektronik
devresi beraber radyasyon testlerine sokulacak ve radyasyonun sensor elektronigi lizerindeki etkisi
incelenecektir. Olasi olumsuzluklara karsi alinabilecek 6nemler aragtirilacaktir.

4. Sonuc¢

Bu calismada fluxgate sensor niivesi olarak secilen Vitroperm 800 (Fe73CulNb3Si16B7) soft-
manyetik malzeme 20kRad’a kadar Co-60 Gama radyasyonuna maruz birakilmistir. Yapilan
karakterizasyon Ol¢iim sonuglarindan uygulanan radyasyon dozlarinin niive yapisi iizerindeki etkisi
incelenmistir. Olgiim sonuglarma gore dlgek faktorleri ve giiriiltii seviyelerinde bir miktar degisim
goriilse de bu ihmal edilebilir bir seviyededir. Bu ¢alisma ile Co-60 Gama 1sinlamasinin fluxgate sensor
niivelerinin elektroniginden bagimsiz olarak incelenmesi sonucunda uygulanan radyasyonun niiveler
iizerindeki etkisi net bir sekilde gozlenmistir.
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Abstract: Based on the density functional theory and first-principal calculations,
the physical properties of the Zr;GeOs crystal for the ground state were calculated.
In all calculations, the Density functional theory based ABINIT package program
was used. Investigations were made under the local density approximation. The
geometric optimization of the Zr;GeOs crystal, the state density of the valence
electrons, the electronic band structure to understand the conductivity character of
the crystal, and the linear optical properties to see the response of the material to
the electromagnetic wave were calculated. In addition, dynamic-thermodynamic
properties were calculated for the Zr;GeOs crystal. According to the calculated
structural optimization and electronic band structure, the band gap of the Zr;GeOs
crystal is 4.4663 eV and it has been obtained that it has an indirect band gap. For
the Zr;GeOs crystal, some constants such as energy loss functions, reflectivity, and
absorption coefficient are calculated depending on the ground state linear optical
properties and linear optical properties. The phonon distribution, state density and
contribution of each atom to the density of state the Zr;GeOs crystal were
calculated. Finally, free energy, internal energy, entropy, and heat capacity were
calculated for the Zr;GeOs crystal.

Piezoelektrik Zr3GeOs Kristalinin Fiziksel Ozellikleri
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Oz: Yogunluk fonksiyonel teorisine ve ilk temel hesaplamalara dayanarak,
Zr3GeOg kristalinin temel durum i¢in fiziksel 6zellikleri hesaplanmistir. Yapilan
tiim hesaplamalarda Yogunluk fonksiyonel teorisi tabanli ¢calisan ABINIT paket
programi kullanilmistir. incelemeler yerel yogunluk yaklasimi altinda yapilmustir.
Zr3GeOg kristalinin geometrik optimizasyonu, valans elektronlarinin durum
yogunlugu, kristalin iletkenlik karakterini anlamak igin elektronik bant yapisi,
malzemenin elektromanyetik dalgaya tepkisini gdrmek igin dogrusal optik
ozellikleri hesaplanmistir. Ayrica Zr;GeOgs kristali igin dinamik-termodinamik
ozellikleri hesaplanmistir. Hesaplanan yapisal optimizasyon ve elektronik bant
yapisina gore Zr;GeOs kristalinin bant araligr 4.4663 eV olup dolayli bir bant
araligina sahip oldugu elde edilmistir. Zr3GeOs kristali i¢in temel durumdaki lineer
optik 6zellikler ve lineer optik 6zelliklere bagli olarak enerji kayb1 fonksiyonlari,
yansitma ve absorpsiyon katsayisi gibi bazi sabitler hesaplanir. Zr;GeOg kristalinin
fonon dagilimi, durum yogunlugu ve her bir atomun durum yogunluguna katkisi
hesaplandi. Son olarak Zr;GeOs kristali i¢in serbest enerji, i¢ enerji, entropi ve 1s1
kapasitesi hesaplanmuistir.
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1. Introduction

As it is known, the first proof of the direct piezoelectric effect was made by the brothers Pierre
Curie and Jacques Curie in 1880. However, the Curie brothers were not aware of the reverse
piezoelectric effect (Curie & Curie, 1880; Dineva et al., 2014). The inverse piezoelectric effect was
mathematically demonstrated by Gabriel Lippmann, starting from the fundamental thermodynamic
principles. Many more studies were carried out to discover crystal structures exhibiting piezoelectric
properties. 20 out of 32-point groups have piezoelectric properties. 10 of them exhibit pyroelectric
properties. Zr;GeOs crystal has 42m point group. Such crystals are important in the technological field
due to their piezoelectric properties. Many studies have not been done for Zr;GeOs crystal in the
literature. Lattice parameters and atomic positions were obtained for the conventional structure of the
Zr3GeQOgs crystal by neutron diffraction method (Ennaciri et al., 1984). Nanoparticles consisting of these
oxides, zirconia, and germanium were added to Silica sol-gel glasses and Zr-Ge-O binary oxides were
produced in matrices. ZrGeO4 and Zr;GeOg nanoparticles in solid matrices were produced for the first
time (Gurin et al., 2005). The reaction products of ZrO, and GeO, powders were characterized by
quantitative phase analysis. X-ray diffraction and Raman spectroscopy data showed that the Zr;GeOs
and ZrGeO, almanacs were formed. Moreover, a study was conducted on Zirconium Germanates to
demonstrate their Synthesis, Stoichiometry, and Thermal Behaviors (Utkin et al., 2012 and 2013).
Finally, theoretical calculations have been made for the Zr;GeOs crystal using the density functional
theory and GGA / GGA+U / R2SCAN methods in the literature (Jain et al., 2013).

As can be seen, these properties were not calculated in detail under the local density
approximation of the Zr;GeOs crystal. Piezoelectric crystals have an important place in the technological
field. The Zr;GeOs crystal was chosen for this study because of its piezoelectric property. In addition, it
has been discussed since there is no detailed theoretical study for Zr;GeOs crystal under the LDA
approximation in the literature.

2. Material and Methods

The space group of the Zr;GeOs crystal with a total of 12 atoms in its unit cell is [-42m (No.121).
The unit cell created by Vesta is given in Figure 1 (Momma & Izumi, 2011). To obtain the physical
properties of the Zr3GeOg crystal under density functional theory (DFT), using the ABINIT (Gonze et
al., 2002) package program to determine the characteristics of the crystal, the electronic band structure,
the state density of the valence electrons of the crystal (DOS), linear optical properties and accordingly
Some optical constants have been calculated. In addition, the dynamic and thermodynamic properties
of Zr;GeOg crystal were calculated. In this study, Troullier-Martins-type pseudopotentials were
produced with FHI (FHI98PP) code by taking into account local density approximation (LDA), and only
valence electrons were used (Troullier & Martins, 1991; Fuchs & Scheffler, 1999). Cutoff energy was
chosen as 35 Hartree in all calculations. In addition, a Brillouin zone (BZ) 10x10x10 Monkhorst—Pack
mesh grid was used (Monkhorst & Pack, 1976).

Figure 1. The unit cell of Zr;GeOs crystal.
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3. Results
3.1. Structural optimization of the Zr;GeOs crystal

For the unit cell of the Zr;GeOs crystal, structural optimization was first performed under the
local density approximation. As a result of the optimization, as seen in Figure 2, the volume value
corresponding to the minimum energy was obtained as 839.29 Bohr®. The lattice parameter given in the
literature for the unit cell of the Zr;GeOs crystal is 12.11 Bohr (Jain et al., 2013). The lattice parameter
we obtained as a result of the calculation we made is 11.73 Bohr.
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Figure 2. Variation of total energy by volume for a Zr;GeOs crystal.
3.2. Electronic band structure of the Zr;GeQs crystal

Electronic band structure has an important place in terms of the use of materials in the
technological field. By using the lattice parameters obtained in the structural optimization of the
Zr3GeOgs crystal, the band structure of the crystal was calculated along the high symmetry points in the
Brillouin region (BZ) to learn the conductivity character of the crystal by considering only the valence
electrons of the piezoelectric Zr;GeOs crystal. The total density of the state and electronic band structure
in the BZ of the crystal is shown in Figure 3. As a result of the calculation of the band structure of
Zr3GeOgs for the high symmetry points observed in the BZ, considering the space group to which the
crystal belongs, it was obtained that the I'-X symmetry points in BZ correspond to the top of the valence
bands. It was found that the lower part of the conduction bands coincides with the Z and M points, which
are the center of the BZ. Therefore, Zr;GeOs is an insulator and as seen in Figure 3, the band transitions
correspond to different points and the indirect band gap is 4.4663 eV.

Energy (eV)

r X W™ r z PN Z M XP DOS (arbitrary units)

Figure 3. The electronic band structure and total density of state (DOS) for a Zr;GeOs crystal.
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Figure 4. The electronic band structure of Zr;GeOs crystal between -10 eV and 10 eV.
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Figure 5. The partial (PDOS) and total (TDOS) DOS’s for crystal Zr;GeOs,
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Then, the contributions of the partial density of state (PDOS) to the total density of state (TDOS)
of the whole crystal were calculated for the Zr, Ge, and O atoms forming the Zr;GeOg crystal. All
calculated density of state (PDOS-TDOS) is shown in Figure 5. Here, the oxygen atoms make the most
contribution to the total DOS for the 1=0 and 1=1 levels. Similarly, for the 1=2 level, the most contribution
is made by the zirconium atoms. Here 1=0 level to s orbital, =1 level to p orbital, etc. corresponds.
Therefore, when we look at the electronic configurations of the elements, it is expected that the O atom
will contribute the most to the 1=0 level. Also, the number of identical atoms in the unit cell affects the
contribution.

3.3. Optical properties of the Zr;GeQs crystal

The optical properties of semiconductors, which are especially important in the electronics
industry, are quite wide. It is well known that the optical properties of a material are obtained with the
dielectric tensor, which has imaginary and real parts, considering the frequency of the electromagnetic
wave incident on the material. Furthermore, both the real and imaginary parts of the complex dielectric
function are linked by Kramers-Kronig relations (Erzen & Akkus, 2018). The real and imaginary parts
of the dielectric function for the Zr;GeOs crystal were calculated under the local density approximation.
The results obtained are shown in Figure 6. If the actual portion of the dielectric components of a crystal
enters the negative region, the crystal in the negative region exhibits optically metallic properties. Figure
6 shows that the Zr;GeOs crystal enters the negative range of about 14 eV to 27 eV in all directions. The
static dielectric constant of the Zr3GeOS8 crystal in all directions (g3, €32, £3%) was calculated. These
are 3.1983 in direction 11, 3.2866 in direction 22, and 3.3565 in direction 33. &; represents the imaginary
part of the dielectric function and the energy losses. Looking at the ¢, graph, it is seen that it is stable
from 0 to about 4 eV. This corresponds to the band gap of the material.
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Figure 6. Variation of Zr;GeOgs versus photon energy of &; and &, in different crystal axes.

The refractive index of the Zr;GeOgs crystal with respect to axes (ni1, nz2, n33) and the variation
of the refractive index of the light against the wavelength was calculated as in Figure 7. The obtained
refractive index values are 1.7905 in the 11 direction, 1.8116 in the 22 direction, and 1.8309 in the 33
direction. In addition, some optical constants such as energy loss functions, extinction coefficient,
reflectivity, and absorption coefficient are calculated using the real and imaginary parts of the dielectric
function and are given in Figure 8.
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Figure 7. Variation of the refractive index of Zr;GeOs crystal with respect to axes against wavelength.
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(L), absorption coefficient (o), extinction coefficient (k), reflectivity (R), effective dielectric
constant (&), and effective valence electron number (Neg).
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3.4. Dynamic and thermodynamic properties of the Zr;GeOs crystal

The vibrational properties of phonons have an important place in crystal structures. In this study,
the phonon distribution of the Zr;GeOs crystal was obtained. The phonon distribution of the Zr;GeOs
crystal was obtained by using the 4x4x4 Monkhorst-Pack mesh grid for the ground state. The phonon
distribution and phonon state density (PHDOS) for the Zr;GeOs crystal were calculated as shown in
Figure 9. There are a total of 36 modes for the Zr3GeOs crystal with 12 atoms. As seen in Figure 9, the
modes do not enter the negative region. This indicates that the crystal is dynamically stable. In addition,
as shown in Figure 10, the total PHDOS of Zr;GeOs and the contribution of Zr, Ge, and O atoms
separately to PHDOS were obtained. The phonon density of states tells us how many phonon modes are
present at each frequency.
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Figure 9. The phonon distribution for the Zr;GeOs crystal and the corresponding phonon density of

states.
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Figure 10. Contributions of each atom to PHDOS for the Zr;GeOs crystal.

Internal energy refers to the sum of the energies of interactions such as the kinetic energy
resulting from the movements of its particles in a system and the force that holds physical or chemical
bonds together. It is defined as the derivative of heat capacity and the heat of an object with respect to
its temperature. Free energy is a concept related to the conversion of the energy potential of a chemical
reaction into work. In thermodynamics, entropy is the concept that represents the thermal energy of a
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system that cannot be converted into mechanical work. As seen in Figure 11., the variation of internal
energy (E), heat capacity (C), free energy (F), and entropy (S) with temperature was calculated for the
Z13GeOg crystal using the phonon distribution of the Zr;GeOs crystal and the phonon density of the
states. Also the contribution of phonons to internal energy and free energy at absolute temperature is
approximately 9.2x10* J mol™! and 9.19x10* J mol’!, respectively.
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Figure 11. Variation of E, F, S, and C of Zr;GeOs depending on temperature.
4. Discussion and Conclusion

In this theoretical study, the physical properties of the piezoelectric Zr;GeOs crystal were
calculated with the density functional theory. First, structural optimization calculation was performed to
obtain the stable state of the Zr;GeOs crystal. Then, using the data obtained in structural optimization,
the electronic band structure of Zr;GeQg along the path determined in BZ was calculated and the indirect
band gap of Zr;GeOs was obtained as 4.4663 eV. In addition, DOS calculation was performed to
determine the number of enterable states corresponding to the unit frequency range of the valence
electrons of the Zr;GeOs crystal. In the literature, the band gap for the Zr;GeOs crystal was obtained as
3.9 eV by using the GGA / GGA+U / R2SCAN methods. In this study, the band gap was calculated as
4.4663 eV using the local density approximation. The reason why the calculated band gap differs from
the value in the literature is the approximations used. In order to determine the response of the Zr;GeOs
crystal to the electromagnetic wave on it, linear optical properties and some optical constants were
investigated. Finally, the dynamic-thermodynamic properties of piezoelectric Zr;GeOs are discussed as
a result of the calculations. In the calculations made, it was determined that the Zr;GeOs crystal was
dynamically stable. In addition, the change of some thermodynamic potentials of Zr;GeOs crystal
against temperature was investigated thermodynamically. It was observed that entropy, internal energy,
and heat capacity increased as expected with increasing temperature. For Zr;GeOs crystal, no
comparison has been made since there is no study in the literature as dynamics-thermodynamics under
the local density approximation.

In the literature review, there is no detailed theoretical study for Zr;GeOs crystal under the local
density approximation. Therefore, no comparison has been made. This study will be helpful for future
studies.
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Article Info Abstract: In this study, the characterization study of the oil of linden seeds
obtained by the extraction method was carried out. The outer shells of linden
seeds collected from Malatya region in August 2018 were cleaned before
extraction. Hexane, ethyl alcohol and acetone were used as solvents. Elemental
analysis, XRD (X-Ray Diffraction), SEM (Scanning Electron Microscopy), ash
DOI:10.53433/yyufbed. 1177160 determine.ltior.l and saponification number.determ.inaFions were performed for

characterization processes. After the analysis, the oil yield with ethyl alcohol was

Received: 20.09.2022
Accepted: 16.03.2023
Online December 2023

Keywords determined as 33% by weight with acetone, 28.65% for hexane and 28% for
Fatty acids, acetone. In linden seed fatty acid, it was determined as oleic acid: 27.442 for
Linden seed, acetone, 30.852 for hexane, 10.955 for acetone by weight, 11.929 for hexane,
Solvent, linoleic acid: 51.188 for acetone, 44.145 for hexane. The soap number value was
Soxhlet determined as 232.48 mg KOH/g for ethyl alcohol, 176.72 mgKOH/g for hexane

and 246.94 mg KOH/g oil for acetone. While the ash determination value was
5.755% for the seed, the shell ash was determined as 2.1% differently.

Farkh Cozgenlerle Malatya’da Yetisen Ihlamur Agaci Tohumu Yagi Eldesi ve
Karakterizasyonu

Makale Bilgileri Oz: Bu galismada Ekstraksiyon metodu ile elde edilen Thlamur tohumlarmin
yagmin karakterizasyon g¢alismasi yapildi. 2018 yilinin Agustos ayinda Malatya
yoresinden toplanan thlamur tohumlarinin dis kabuklar1 ekstraksiyon oncesi
temizlendi. Coziicii olarak hekzan, etil alkol ve aseton kullanildi. Karakterizasyon
islemleri i¢in element analizi, XRD (X-Isinlar1 Difraksiyonu), SEM (Taramali
DOI:10.53433/yyufbed. 1177160 Elektron Mikroskobu), kiil tayini ve sabunlagsma sayis1 tayinleri yapildi. Analiz

sonras! etil alkol ile yag verimi agirlik¢a aseton ile yag verimi % 33, hekzan i¢in

Gelis: 20.09.2023
Kabul: 16.03.2023
Online Aralik 2023

Anahtar Kelimeler %28.65 ve asoton i¢in yag verimi % 28 olarak tayin edildi. [hlamur tohumu yag
Cozgen, asidinde agirlikca oleik asit: aseton i¢in 27.442, hekzan igin %30.852, agirlikga
Thlamur tohumu, palmitik asit: aseton i¢in %10.955, hekzan i¢in 11.929, agirlik¢a linoleik asit:
Sokslet, aseton i¢in 51.188, hekzan i¢in 44.145 olarak tayin edildi. Sabun sayis1 degeri ise
Yag asitleri etil alkol i¢in 232.48 mg KOH/g, hekzan i¢in 176.72 mgKOH/g ve aseton i¢in

246.94 mg KOH/g yag olarak tayin edildi. Kiil tayini degeri tohum icin %5.575
iken kabuk kiilii farkli olarak %2.1 olarak tayin edildi.

857


https://dergipark.org.tr/en/pub/yyufbed
https://orcid.org/0000-0001-6342-6816
https://orcid.org/0000-0003-1486-2931
https://orcid.org/0000-0003-1486-2931
https://orcid.org/0000-0001-7034-2725
mailto:yunus.onal@inonu.edu.tr
https://doi.org/10.53433/yyufbed.1177160
https://doi.org/10.53433/yyufbed.1177160

YYU JINAS 28(3): 857-870
Onal et al. / Extraction and Characterization of Linden Tree Seed Oil Grown in Malatya with Different Solvents

1. Introduction

People's eating habits have changed over time. Studies have proven that there is a relationship
between their eating habits and the diseases they encounter. Especially in developed countries, people
who want to lead a healthy life are more attentive to their nutrition. Carbohydrates, proteins and fats are
the main energy sources for the maintenance of human existence. Fats are important essential
components for humans and animals. In addition, they give high energy (Gizlenci & Acar, 2019).

People need a total of 2800-3000 calories to carry out their daily activities. It meets 30-35%
(850-900 calories) from fats. Considering that 1 g of fat provides 9.3 calories of energy, a person should
consume 95 g of fat per day. According to the normal nutrition rules, 1/3 of the fat needs of people can
be met as liquid meals, 1/3 as solid fat at breakfast and 1/3 with foods such as cheese, milk and hazelnuts.
Fats high in saturated fatty acids pose a great danger to human health. Especially animal-derived oils
contain high levels of saturated fatty acids. For this reason, people should obtain at least 30% of the oil
they need from vegetable oils (Gizlenci & Acar, 2019).

Vegetable oils formed as a result of obtaining oilseeds in crude oil plants; It is important not
only for human nutrition but also for our health. The physical and chemical properties of oils are
determined by the ratios and compositions of the fatty acids in them. The composition of oil plants can
change constantly. We can list ecological, morphological, physiological and genetic reasons among the
reasons for its change. Knowing the factors that cause this is important for the quality of the oil. In
addition to these, these factors are also important since the quality of the oil determines the distribution
of fatty acids in the oil with its nutritional, technological and processing values. Determining the
composition of fatty acids is important in terms of producing oils according to their intended use. Thus,
oils suitable for the purpose are produced (Sarwar et al., 2013).

With the increasing population in the world, the amount of oil produced is insufficient to meet
the amount of oil required for humans. Turkey's annual vegetable oil production has been researched as
1 million 354 thousand tons. 44% of vegetable oils in our country come from sunflower, 16% from
soybean, 13% from cottonseed, 11% from olive, 9% from rapeseed and the remaining 7% from other
oil crops such as corn, linseed and sesame is produced. We can list the most important industrially
important oilseeds as cotton seed, soybean, sunflower, sesame, peanut, canola, safflower, olive, coconut,
palm seed and flaxseed. According to researches; Almost all of the oilseed plants except palm and
coconut can be grown in our country in summer or winter. However, our existing oil plants and produced
oils cannot meet the consumption. For this reason, over billions of dollars are imported from crude and
refined oils, as well as oilseed meal, every year. With the increase in population, Turkey's need for
vegetable oil is increasing every year. Therefore, studies on new oil crops should be given importance
in order to meet the deficit of this need (Gizlenci & Acar, 2019; Tosun & Ozkal, 2000).

In order to obtain oil from oilseeds in industry, it must be subjected to some pre-treatment. To
list a few; In hard shells, after core removal, and other oilseeds, including sunflower seeds, direct, cold
pressing and/or solvent extraction methods are used. Here, degreased materials such as sunflower seeds
are widely used in the animal feed industry. In alternative extraction methods, we can also see aqueous
enzymatic extraction and supercritical fluid extraction methods.

It has been experimentally proven that natural oils preserve all their beneficial components
compared to other refining oils, that is, they do not spoil their natural structure. Consumers and
manufacturers prefer natural oil more than other oils. Apart from olive oil, it has started to take its place
in the market in different natural oils. Among these, we can list oils such as rapeseed, sunflower,
avocado, hemp, pumpkin seeds and argan. Only these oils are both higher in price and wider in price
ranges compared to others. The reason for the high prices of such gourmet oils is that they are obtained
by cold pressing method. The low oil yield in cold pressing causes its price to be high. In regions with
high humidity, it causes great losses as the fatty acidity increases. It is an important issue to be
considered in production. Oils obtained from oilseeds are also used in industry. At the beginning of the
widely used sectors; soap, shampoo, fabric dyes, paper, glass paste, cosmetic products, construction
materials, medicine, disinfectant, shampoo, plastic industry areas (Salamatullah et al., 2021; Arioglu et
al.,2010; Acaraver & Ergiiven, 2015; Cil et al., 2016). In addition, there are various and important areas
of use such as vegetable-derived oils, fatty acid alcohols in the chemical industry, heavy metal soaps,
molding agents, lubricant chemicals. In the future, basic chemical raw materials that the industry needs
will be produced by catalytic reactions from waste oils.
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Due to the increases and fluctuations in oil prices in recent years, many countries have sought
new alternatives to oil. As a result of these searches, they started to produce bio-diesel from vegetable
oils as an alternative.

The aim of this study is to characterize linden seed oil, which has not been used in the oil
industry recently, but whose production in large quantities will serve as a reference for the economy of
the oilseeds in question, obtained by different methods and analyzing the fatty acid compositions (Killi
& Beycioglu, 2019).

2. Material and Methods
2.1. Materials
In this study, seeds from linden species available in Malatya Inonu University campus were

collected and used. The collected seeds were separated from their shells and stored in lidded containers
for experiments.

Figure 1. The hulls of the extracted linden seeds and the insides of the extracted linden seeds.

During the season, linden flowers were collected after they turned into seeds. Seeds are divided
into shell and interior. After the inner seed was ground in agate air, it was sieved and analyzed when the
grain size was 0.6-1.0 mm. Oil contents of linden seeds were determined according to AOCS standards.
The amount of fat content of the samples was determined using the soxhlet extractor.

To determine the oil content, 10 g of ground seed is placed in the cartridge in the extractor
section of the Soxhlet device. The chemical substance to be used as a solvent is placed in the glass
balloon. With the help of the heater, this substance is evaporated. The evaporated solvent passes through
the extraction column and reaches the reflux. The solvent condensed in the refrigerant comes back to
the extraction column, dissolves the substance in the cartridge and returns to the glass balloon. This
process is repeated continuously and the extraction is completed. After extraction, the solvent was
removed from the flask, and the oil content of the seed was calculated by weighing the flask again.
Hexane, acetone and ethyl alcohol were used as solvents in these process steps. Labota 4000-efficient
Heidolph, USA was used as evaporator.

2.2. Chemicals
Chemicals used in the study: HCL(100314), NaOH (106462), KOH (105012), H,SO, (100731),

acetone (100014), hexane (107023), phenoltfalein (107233), ethyl Alcohol (818760) Merck grade was
used.
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Figure 2. Linden seed kernels ground in agate mortar for experiments.
2.3. Method
2.3.1. Analyzes on linden seeds

The following analyzes were made for the outer shell, oilseed, and oil-removed pulp of the test
samples.

Ash determination

Ash determination was made according to TS-EN ISO 2171 standard. Approximately 1 g of
ground linden seed was put into the crucible and placed in a muffle furnace at 650 °C. The door of the
muffle furnace is opened and closed in order for oxygen to enter. The agate in the crucible stays in the
oven until the linden seeds ground in the mortar are completely burned. After the product removed from
the muffle furnace is cooled in the desiccator, it is put into the tared crucible. The same processes were
repeated in the linden seed shell, the oiled linden inner seed.

K — 100X(WT—WC)><100 |
B (100 — M0) x WS o

K : Amount of ash by mass on a dry matter basis (%)
MO : Seed moisture (%).

WC : Weight of the drying pan (g).

WT : Total weight of pot and seed after processing (g).
WS : Seed quantity (g).

Saponification number

The saponification number is the weight, in mg, of KOH required to saponify 0.5 gof 0il. 0.5 g
of ground seed is weighed into the balloon with a sensitivity of 0.001. 6.25 ml of 0.5 N ethanolic KOH
solution is added on it. It is placed in the refrigerator for about 1 hour and boiled slowly by stirring from
time to time. The balloon is taken from the refrigeration system and 4-5 drops of phenolphthalein are
added to the hot soap solution and titrated with 0.5N H>SO, solution until the red color of the phenol
phthalein disappears.

Saponification number = (Vk - V) x 28.05 mg KOH / g oil 2)

Vk : The amount of H,SO4 spent in the witness experiment, ml
V : The amount of H,SO4 spent for the sample, ml
m : Sample quantity, g
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Chemicals used:

. Phenolphthalein solution 1% in ethanol
. 0.5 N KOH solution with ethanol
. 0.5 N H>SOy4 solution

Fatty acid components analysis

For fatty acid analysis, the oil obtained by soxhlet extraction was prepared for analysis by
weighing 10 g for each type of oil into glass tubes and transferring it into a 15 ml plastic centrifuge tube
with a lid. After adding 10 ml of n-hexane and closing the lid, it was shaken quickly. 0.5 ml of 2N
methanolic KOH solution was added on the repeat and shaking was performed again. The supernatant
was taken into the vial by injection, waiting until the supernatant clears (1-2 hours, in a dark
environment). Our samples were made ready for the analyzer.

Fatty acid composition is determined by chromatographic devices and Gas Chromatography
(GC-FID (Flame Ionization Detector) system is mainly preferred for this purpose (Nalgaci, 2020).

3. Results and Discussion
3.1. Oil extraction

After the seeds were collected, they were separated from their shells and the inner core yield
was calculated. In the calculation, the inner core yield was 37% by weight, while the outer shell yield

was 64% by weight. Fat percentages determined by Soxhlet extraction are given in Table 1.

Table 1. Oil percentages of kernels extracted with different substances

Oil yields (%)
TMIH 30
TMACI 31
TM3H 27.30
TMAC2 25
TMEt 33

TMI1H: Seed oil extracted with hexane, TMACI1: Seed oil extracted with acetone, TM3H: Seed oil extracted with hexane,
TMAC?2: Seed oil extracted with acetone, TMEt: Seed oil extracted with Ethyl Alcohol

When Table 1 is examined, the highest oil yield was obtained by using ethyl alcohol as a solvent.
The fact that the ethyl alcohol oil yield is higher than the others can be explained by the dissolution of
the water in the structure in ethyl alcohol. As a matter of fact, acetone yield was higher than hexane.
Low yield is an expected result since water does not dissolve in hexane. It is for this reason that hexane
is used in the industry to obtain oil in oil seeds.

We can show that the oil yields of the hexane extract in the second oil forehead are lower than
the previous one, as the reason for the seed to be moist.

3.2. Ash analyses

When Table 2 is examined, values close to each other were obtained in the results of the ash
values of the pulp, which was degreased as a result of extraction. The reason for this supports the
comments about the water passing to the solvent in oil yield. It is an expected result that the ash of the
oily seed is low. Considering the oil yield, it supports the accuracy of the experimental results. Shell ash
given as TMKK was lower than other biomass shells.

For the pH measurement of the ash, approximately 0.5 grams of ash was mixed with 25 ml of
water and left to settle, and the measurement was taken with a pH meter in the clear part. The pH values
of all ashes were measured by a pH meter, and a pH value of 12 and above indicates that these ashes are
basic.
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Table 2. Ash values and % ash ratios in degreased linden seeds, linden shell, oily inner core

Ash (%)
TMIKUL 591
TM2KUL 5.84
TM3KUL 5.85
TM4KUL 5.80
TMSKUL 5.50
TMTK 4.55
TMKK 2.1

TMKUL: Ash of ground oil seed kernel, TMTK: Ground oil seed ash, TMKK: Ground bark ash
3.3. Saponification number in oils

By definition, saponification number is the mg weight of potassium hydroxide required to
saponify 1g of oil. The saponification number of the oils and the chain lengths of the fatty acids, that is,
the molecule weights, are inversely proportional. The saponification numbers of oils that are esters of
long chain fatty acids are lower than the saponification numbers of oils that are esters of short chain
fatty acids (Nehdi, 2011). For example, the saponification number in butter is high (between 210 and
235). The saponification number is 255 in coconut oil and 245 in palm oil. Apart from this, the
saponification number of vegetable oils is generally below 200.

When Table 3 is examined, the saponification number of the oil obtained from the hexane
extraction is quite low compared to the others. The high saponification number of oils obtained from
acetone and ethyl alcohol can be explained by the increase in water and acidity in the environment.

Table 3. Results of saponification number in oils

Saponification number

(mg KOH/ g oil)
TMIH 157.08
TMACI1 241.43
TM3H 196.35
TMAC2 252.45
TMEt 232.48

TMI1H: Seed oil extracted with hexane, TMACI1: Seed oil extracted with acetone, TM3H: Seed oil extracted with hexane,
TMAC2: Seed oil extracted with acetone, TMEt: Seed oil extracted with Ethyl Alcohol

Elemental analysis results of linden seeds and extracted oils are given in Table 4.

Table 4. Elemental analysis of linden seeds

Carbon Hydrogen Nitrogen Sulfur Oxygen *
Sample Code %) ") %) %) %)
™1 42.86 6.054 7.681 0.458 42.974
T™2 43.47 5.922 3.122 0.123 47.363
TM3 41.80 6.242 8.638 0.615 42.705
TM4 41.06 5.663 4.887 0.307 48.083
TMS5S 43.68 5.994 5.062 0.261 42.003
TMEt 75.71 11.36 - - 12.93
TMACI1 72.19 10.78 - - 17.03
TMAC2 73.33 10.81 - - 15.86
TMIH 72.75 10.89 - - 16.36
TM3H 69.01 10.24 - - 20.75

* Calculated from the difference
TMI1: Seeds extracted with hexane, TM2: Seeds extracted with acetone, TM3: Seeds extracted with hexane, TM4: Seeds
extracted with acetone.
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When Table 4 is examined, it is seen that the elemental compositions of the degreased inner
cores are not different except for the nitrogen and sulfur values. Being rich in nitrogen shows that the
seed is rich in amygdalin and protein. The sulfur value is close to all oil seeds and has an important place
in both germination and nutrition. Differences in oxygen values are due to the difference in nitrogen and
sulfur values. The results show that degreased linden seed can be used both as a food additive and as a
feed additive in livestock.

The ash contents of the de-oiled kernels were almost similar in all samples, and this result
showed that the ash compositions were the same.

When the elemental analysis results of the oils obtained from each extraction from the same
table are examined; It is seen that carbon and hydrogen values in ethyl alcohol extraction are slightly
higher than the others. Probably due to the solvent nature of ethyl alcohol, it can be explained by the
passage of components soluble in ethyl alcohol from the composition other than oil. Elemental
composition has similar values as a result of both extractions obtained for acetone and hexane. The
absence of nitrogen and sulfur in all oils can be explained by the fact that they are in an organic form
insoluble in oil and solvent. As a matter of fact, while amygdalin is soluble in water, it does not dissolve
in oils.

3.4. Linden seed oil analysis

Fatty acid composition results of the oils obtained as a result of solid-liquid extraction of linden
seeds by GC-MS are given in Table 6. When the table is examined, it is seen that linden seed oil is rich
in oleic (27.070- 32.557) and lineleic (40.624-51.765) acids as a result of all extractions; shows that it
is rich in unsaturated fatty acids. It is an important value that the stearic acid (1.945- 2.547) content is
low compared to other seed oils. However, the palmitic acid value (9.775-12.750) is high, which can be
explained by the ambient temperature in oil formation in plants. Since the linden flower seed usually
transforms after mid-July, it is an expected result that palmitic acid will be high. The reason for the high
palmitic acid grown in temperate regions is the ambient temperature (Samanci & Ozkaynak, 2003).

Table 5. Fatty acid analysis results

TMIH TMACI1 TMAC2 TM3H
Fatty acid Yo(w/w) Yo(w/w) Y%(w/w) Y%(w/w)
C4:0 (butyric) 0.097 0.257 0.362 0.238
C6:0 (caproic) 0.456 0.188 0.185 0.276
C14:0 (myristic) 0.310 0.419 0.348 0.358
C15:1(cis-10-pentadecanoic) 0.000 0.000 0.000 0.000
C16:0 (palmitic) 12.750 10.801 9.775 11.108
C16:1(palmitolcic) 0.135 0.124 0.116 0.125
C17:0 (heptadecanoik) 0.092 0.078 0.066 0.078
C17:1 (cis-10-heptadecanoic) 1.150 0.869 0.880 0.966
C18:0 (stearic) 2.547 1.945 2.050 2.180
C18:1n9t (elaidic) 2.329 2.811 3.083 2.741
C18:1n9c¢ (oleic) 32.557 27.813 27.070 29.147
C18:2n6t (linolelaidic) 1.651 0.067 2.368 1.362
C18:2n6c¢ (linoleic) 40.624 51.765 50.611 47.666
C20:0 (arachidic) 0.148 0.105 0.133 0.128
C18:3n6 (a-linolenic) 0.250 0.315 0.266 0.277
C18:3n3 (g-linolenic) 0.302 0.372 0.461 0.378
C20:2 (cis-11,14-eicosadienoic) 0.070 0.073 0.081 0.318
C22:0 (behenic) 0.058 0.037 0.048 0.047
C23:0 (tricosanoic) 0.000 0.000 0.046 0.015
C24:0 (lignoceric) 0.000 0.000 0.032 0.0011
C20:5n3 (cis-5,8,11,14,17-eicosapentaoic) 0.607 0.208 0.232 0.349
C24:1 (nervonic) 1.021 0.327 0.360 0.569
(C22:6n3 (cis-4,7,10,13,16,19-docosaeva) 2.472 1.027 1.107 1.535
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3.5. Linden seed SEM analysis

The results of the SEM analysis performed to determine the structural properties of the oily
inner core and shell of the linden seed are given in Figure 3-4.

When the SEM images of the oil seed seeds in Figure 3 are examined, it is seen that the seed is
in a very homogeneous structure. It is clearly seen that fats are in a cellular structure. With this structure,
the homogeneous presence of oil in the inner seed protects the material from cold even at very low
temperatures, as well as from extreme heat at high temperatures. It is also known that the oil in the seed
has an important role in the rooting of the plant in sprouting.

W3
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Mag= 250KX  EHT=2000kv SignalA=SE1 WD= 12mm
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Mag= 500X
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Figure 3. SEM images of TM (In-ground oilseed).

When the SEM images of the ground shell given in Figure 4 are examined, the cellulosic
structures are clearly seen. Hollow formations in the form of tubes are lignocellulosic structures, and
their hollowness is the formations where mass and heat transfers take place between the outer part of
the shell and the inner part.
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Figure 4. SEM images of TMK (Ground Crust).

3.6. Linden seed FTIR analysis

The FTIR spectra of the internal seeds of which the structure remaining as a result of extraction
with different solvents were removed are given in Figure 5. When the figure is examined, the structure
in general is completely similar. The changes in the peak dimensions arise in terms of the homogeneity
of the samples. The broad peak around 3250 cm™ belongs to the water hydroxyl and also belongs to the
hydroxyl vibrations of the cellulosic structure. The double peak around 2942 ¢cm belongs to the
aliphatic C-H stresses, and these stresses belong to both fatty acids and cellulosic structures. The broad
and sharp peak around 1078 ¢cm™! belongs to inorganic M-O-M and C-O stresses. In organic materials
containing inorganic structure, it usually occurs as a result of the structure of the ash.
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Figure 5. FTIR plot of ground oily inner core (TM) and ground seed coat (TMK).
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Figure 6. FTIR plot of degreased inner cores.

When the FTIR spectrum of the degreased inner cores in Figure 6 is examined, it is seen that
the spectrum given for TM1 and TM3 of hexane extraction is similar. The absence of —C=0 (carbonyl)
stretching of the carboxyl group around 1700 cm™ indicates that all of the fatty acids were extracted
with hexane. The broad peak seen around 2940 cm™ belongs to aliphatic —C-H structures and is
attributed to cellulosic structures. The peak around 1078 cm! belongs to the inorganic components and
C-O-C structures of the degreased inner core. TM2 and TM4 belong to the inner core remaining from
the acetone extraction and show that the fatty acid remained in the structure, albeit very little, in the
TM2 sample. It is seen that TM 5 belongs to ethyl alcohol extraction and that the solvent in question has
completely taken the oil from the inner seed.
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Figure 7. FTIR plot of extracted oils.

When the FTIR spectra of the oils obtained with different solvents given in Figure 7 are
examined, a very small ~OH stretch peak around 3500 cm™ is seen (Sim et al., 2012; Jayarambabu et
al., 2014). This peak may be due to a very small amount of water in the oil. The two peaks at 2843 ¢cm’!
and 2917cm™ belong to aliphatic C-H stretches in fatty acids. The fact that both peaks are sharp and
distinct also indicates that there are no other structures in the structure other than fatty acids. It is the
stress belonging to the carbonyl (-C=0) group belonging to the carboxyl (-COOH) group in the sharp
and distinct peak fatty acid at 1700 cm™. The partially broad peak around 1070 cm™ belongs to the C-O-
stretch in the fatty acid structure.

In summary, the composition of linden seed oils obtained with different solvents is the same,
which is an expected result.

3638 Th] 1082

T™M2IEKUL
] — - - — Is
] TMIKUL '
— — Ty i |.f W
- |
|
7 # V
< - )
O TMEK ) —
38 ™, Yam r}—v
g ] — fa1i S -
8 1 _ — NI / ¥
R /
g ] .1
g ] 1 _ TMBKUL - | ¥ "
= - | |
= 4 ol {
. \ | .[.I'
- |
|
7 |
] |
A
T

—T T T T T T —T
4500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 8. FTIR plot of ash products.

The FTIR spectra of the ash values of the degreased inner cores are given in Figure 8 and when
the figure is examined, it is seen that the inorganic composition of the ash is the same. The large and
large peak around 1030 cm™ belongs to M-O-M structures in inorganic structure and is a very
characteristic peak. The small sharp peak around 3284 cm™! belongs to the —OH stretch in the inorganic
structure (Chen et al., 2010; Sim et al., 2012; Jayarambabu et al., 2014; Gawbah et al., 2017).
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3.7. Linden seed XRD analysis

When Figure 9 is examined, it is seen that the ground oily inner core contains both amorphous
and crystalline structural units. The XRD trace of the crystalline unit is around 23 26; While the ground
oily inner core (TM) is seen in the structure of the ground seed coat (TMK), the absence of ground ash
in the structure of the ground shell ash (TMKK) indicates that this structure, that is, the inorganic
component(s) in the original structure, turns into an amorphous structure when the material is made. It
probably belongs to ester structures made by inorganic components with organic components. It can be
stated that the oily inner core shows 4 different amorphous structures, so the structure is mostly
amorphous, the cellulosic structure of the shell is mostly crystalline, as well as showing at least 5
different amorphous structures. It can be stated that these amorphous units in cellulosic structure belong
to soluble cellulosic structures, hemicellulosic structures and lignin and lignocellulosic structures (Pe et
al., 2001).
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Figure 9. XRD plot of ground oily inner core (TM), ground seed husk (TMK), and ground husk ash
(TMKK).

4. Conclusion

The rapid increase in the world population, increasing urbanization, increasing technological
innovations, the increasing importance of social life in the use of cosmetic products, the use of oil
obtained from seeds in the fields of food, cosmetics, soap, etc. is increasing rapidly. In an environment
where industrial oil seeds gain more importance, the food and cosmetics industry continues to search
for new raw materials that will be a source of seed oils in the future. Evaluation of the seeds of all trees
comes to the fore. Linden flower is an important herbal resource consumed in alternative therapy.
However, if it is not collected, a product turns into a seed. In the literature study, it was determined that
the study with linden seed oil was negligible. When the fatty acid content and yield and the
characterization results are taken into account, it is concluded that linden seeds can be considered as an
economical product in cases where the flowers cannot be collected. Therefore, it was necessary to carry
out such a study. The results obtained at the end of this study;

The oils of the seeds collected from the linden trees in the Inonu Campus were obtained in a
soxhlet mechanism with different solvents (hexane, acetone and ethyl alcohol). As a result of the
analyzes made, the oil yield with acetone was 28% by weight, with hexane 28.65% and 33% ethyl
alcohol values were determined. It has been determined that the oil yields are around 30% on average,
and it has been concluded that the amount of unsaturated fatty acids is quite high, and it can even be
considered as edible oil. It is clear that it can be used in every sector from soap making to cosmetics
industry.
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As a result of all extractions, it was determined that linden seed oil is rich in oleic (27.070-
32.557) and linoleic (40.624-51.765) acids, its stearic acid (1.945- 2.547) content is lower than other
seed oils, and its palmitic acid value is (9.775-12.750). In the fatty acid composition of linden tree seeds,
the values of oleic acid: 27.442 for acetone, 30,852 for hexane, 10.955 for palmitic acid: acetone, 11.929
for hexane, 51.188 for linoleic acid: acetone, 44.145 for hexane were found. Soap number values are
176.72 for hexane in mg KOH/g fat unit; 246.94 for acetone; It was found as 232.48 for ethyl alcohol.
Degreasing inner core ash determination values average 5.575%, bark ash was found to be 2.1%
differently.
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Oz: Bu calismada mekanik alasimlama yontemi ile Argon atmosferi altinda es
molar nanokristal Fe-Si-Cu (at.%) ve Fe-Si-Nb (at.%) alagimlar1 sentezlenmistir.
Deney parametreleri 350 rpm, 10:1 BPR, 120 saat olarak belirlenmistir.
Sentezlenen alagimlarin faz yapilart X-Ismlar1 difraktometresi ile, morfoloji ve
elementel analizleri SEM-EDS ile, manyetik Ozellikleri ise oda sicakliginda
titresimli 6rnek manyetometresi (VSM) teknigi ile arastirnlmistir. Fe-Si-Cu
alasiminin kristalit boyutu 6giitme baslangici, 30, 60 ve 120 saat 6giitme sonrast
strastyla 102.3,22.5, 15.9 ve 8.6 nm, 6rgii gerinimleri ise %0.164, % 0.510, %0.672
ve %1.165 olarak bulunurken, Fe-Si-Nb alagimi igin ise kristalit boyutlar 140.8,
42.9, 16.8 ve 7.8 nm, orgii gerinimleri ise % 0.134, % 0.301, % 0.639 ve % 1.271
olarak hesaplanmistir. Manyetizma sonuglarina gore, Fe-Si-Cu (at.%) alagiminin
doyum manyetizasyonu (Ms) 3146 emu/g olarak bulunurken, Fe-Si-Nb (at.%)
alagiminin doyum manyetizasyonu 8.91 emu/g olarak bulunmustur. Fe-Si alagim
sistemine Nb katkisinin kuarzivite degerlerinde artisa sebep oldugu belirlenmistir.

Investigation of Structural, Morphological and Magnetic Properties of Equi-molar Fe-
Si-Cu/Nb (at.%) Nanocrystals Synthesized by Mechanical Alloying
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Abstract: In this study, equimolar nanocrystalline Fe-Si-Cu (at.%) and Fe-Si-Nb
(at.%) alloys were synthesized under an Argon atmosphere by a mechanical
alloying method. Experimental parameters were determined as 350 rpm, 10:1 BPR,
120 hours. Phase structures of the synthesized alloys were investigated by X-Ray
diffractometry, morphology and elemental analyzes were investigated by SEM-
EDS, and magnetic properties were investigated by vibrating sample magnetometer
(VSM) technique at room temperature. The crystallite size of the Fe-Si-Cu alloy
was found to be 102.3, 22.5, 15.9 and 8.6 nm at the beginning of grinding, after 30,
60 and 120 hours grinding, respectively, and the lattice strains were 0.164%,
0.510%, 0.672% and 1.165%, while the Fe-Si-Cu alloy For the Nb alloy, the
crystallite sizes were calculated as 140.8, 42.9, 16.8 and 7.8 nm, and the lattice
strains were calculated as 0.134%, 0.301%, 0.639% and 1.271%. According to the
magnetism results, the saturation magnetization (Ms) of the Fe-Si-Cu (at.%) alloy
was found to be 3146 emu/g, while the saturation magnetization of the Fe-Si-Nb
(at.%) alloy was found to be 8.91 emu/g. It was determined that Nb addition to the
Fe-Si alloy system caused an increase in the coercivity values.
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1. Giris

Gilinliimiizde enerji kullanimi, sektorlerde hayati ve ekonomik bir rol oynamaktadir (Ouyang ve
ark., 2019). Son zamanlarda, enerji tasarrufu konusundaki caligsmalar, teknolojideki gelismeler ile
paralel olarak gelisme gostermektedir (Ohta & Yoshizawa, 2011). Yasam kalitesinden 6diin vermeden
sera gazi (GHG) emisyonunu azaltmaya ydnelik olas1 yaklagimlardan biri, son derece diisiik ¢ekirdek
kayiplarina sahip gelismis bir manyetik ¢ekirdek malzemesi gelistirmektir. Bu tiir gelismis bir yumusak
manyetik malzeme, ara¢ uygulamalar1 i¢in dagitim trafolarinin ve elektrik motorlarinin verimliligini
artiracak ve kamu hizmeti ve ulagim sektdriinden kaynaklanan kiiresel sera gazi emisyonunun
bastirilmasina yol acacaktir (Suzuki & Herzer, 2012). Yumusak manyetik malzemeler, enerji
doniistiiriicli cihazlarda enerji verimliligini artirmak i¢in 6nemli bir rol oynamaktadir (Azuma ve ark.,
2020). Manyetik 6zellikler, dagitim/gili¢ transformatorleri, manyetik yiikseltegler, filtreler ve sensorler
vb. uygulamalar i¢in kimyasal bilesimlerin degistirilmesi saglanmaktadir (Simsek ve ark., 2022). Son
yaymlar, elektrik trafo ¢ekirdekleri ve elektrik motoru uygulamalarindaki 6nemleri nedeniyle Fe-Co ve
Fe-Ni ve Fe-Si dahil olmak iizere gesitli ferromanyetik alagimlar lizerine yogunlagmistir (Chaudhary ve
ark., 2020; Zaporotskova ve ark., 2020; Zhao ve ark., 2022).

Demir bazli alagimlar olarak kullanilan iki ana malzeme vardir: Bunlar Si ¢eligi ve Ferrittir. En
yaygin olarak kullanilan yumusak manyetik malzemeler olan Si ¢elikleri, yaklagik 1.8-2T gibi yiiksek
bir Bs'ye sahiptir, ancak ¢ekirdek kayiplari biiyiiktiir (Kwon ve ark., 2020). Yumusak manyetik Fe-Si
alagimlari, gii¢ kayiplarini azaltmak i¢in arzu edilen yiiksek manyetik gecirgenlik ve elektriksel direng
sergilemelidir (Haines ve ark., 2022). Fe bazli amorf alagimlarin yumusak manyetik 6zellikleri, rastgele
manyetik anizotropi nedeniyle Si’li ¢elikler ve Ferritlerden iistiindiir. Nano yapili ferromagnetlerde
milkemmel yumusak manyetik 6zellikler, oncelikle amorf bir demir matris i¢inde dagilmis nanokristalin
a-Fe(Si) taneciklerinin olusumuna atfedilir (Yoshizawa ve ark., 1988). Fe-Si alasimlarinda, silikon
icerigi arttikca manyetik 6zellikler gelisir, ancak siineklik azalir ve bu da islemeyi zorlastirir (D6vme ve
toz metaliirjisi yontemleri i¢in). Isleme zorluklarina ek olarak, yillar i¢inde elektromanyetik cihazlarin
boyutu kiiglilmiistiir ve artik daha karmasik sekillerin gerekliligi ortaya ¢ikmistir (Paez-Pavon ve ark.,
2016). Mikro yapiya bakildiginda ise, %10'a kadar Si iceriginde, rastgele ikame demir atomlar1 Si
atomlar ile birlikte HMK demirde ¢oziinmektedir. Silisyum igeriginde %31 Si'ye kadar bir artis, siral
DOs yapisina dogru bir faz gegisine yol agar (Turtelli ve ark., 2005).

Yiiksek doygunluk, manyetik aki yogunluguna (Bs) ve iyi iretilebilirlige sahip Fe bazlh
yumusak manyetik alasimlar gelistirmek i¢in, Nb ilavesinin, yumusak manyetik 6zellikleri artirmanin
yant sira optimum tavlama sicaklik araligim genisletmede ve a- Fe tanesini inceltmede etkili oldugu
bulunmustur (Wan ve ark., 2016). Bunun nedeni zay1f bir sekilde Fe iceren niyobyumca zengin bolgeler
manyetik ortamlar tespit edilmesi ve tane sinirina yerlesen Nb’nin biiyiimeyi sinirlamasidir (Y oshizawa
ve ark., 1988; Gao & Fultz, 1994; Marin ve ark., 1998). Histerezis dongiileri ve niikleer manyetik
rezonans (NMR) olctimleri, Fe-Si sistemine Nb atomlariin eklenmesiyle zorlayiciligin giiglii bir sekilde
arttigim1 gostermistir. Bu gelistirmenin nedeninin tane biliylimesini engelleyen Nb atomlariin varlig
nedeniyle malzemede yiiksek stres olusumu ve ek olarak bu atomlarin domain duvart sabitlemesine
neden olmasi olarak siralanmistir (Penton-Madrigal ve ark., 2005; Turtelli ve ark., 2005). Bir Fe-Si-Cu
bilesimi, manyetik 6zellikleri biiylik 6lclide azaltmadan gelismis mekanik mukavemet ve elektriksel
diren¢ saglar (Sunday & Taheri, 2017). Daha yiiksek Cu igerigi, yiiksek Si igerikli alagimlarda daha
miikkemmel yumugak manyetizma 6zelliklerine yol agar ve optimum tavlama sicakligi aralig1 genisletir
(Ohta & Yoshizawa, 2008). Cu atomlarinin yap1 igerisinde, kristallesme siirecinin ¢ok erken bir
asamasindan itibaren YMK bir yapiya sahip Cu’ca zengin bolgeler (kiimeler) olusturdugu ve Cu
kiimelenmesinin birincil kristallesmeden 6nce meydana geldigi ve Cu kiimelerinin Fe faz1 i¢in heterojen
cekirdeklenme bolgeleri olarak hizmet ettigi tespit edilmistir (Yoshizawa ve ark., 1988; Marin ve ark.,
1998; Tsepelev ve ark., 2018; Li ve ark., 2021).

Bu calismada, Fe-Si-Nb ve Fe-Si-Cu alagimlart mekanik alasimlama yontemi kullanilarak
iiretilmis ve mekanik alagimlamanin yapisal, morfolojik ve manyetik 6zelliklere etkisi incelenmistir
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2. Materyal ve Yontem

Bu caligmada elementel Fe (Merck, % 99.9, 150 um), Si (Merck, % 99.9, 20 um), Cu (Merck,
% 99.9, 37 um) ve Nb (Merck, % 99.9, 30 um) tozlar1 kullanilmistir. Sentez deneyleri gezegensel tip
ogutiictide (Retch PM-100) Argon atmosferi i¢erisinde gerceklestirilmistir. Sekil 1°de deney akis semasi
verilmistir. Deneyler 350 rpm dénme hizinda, 10:1 bilye toz oraminda (BPR), 250 ml hacimli
sertlestirilmis ¢elik pota ve bilyelerle gerceklestirilmistir. 1. Deney setinde es molar Fe-Si-Cu, 2. deney
setinde ise es molar Fe-Si-Nb tozlar1 hassas terazide tartilarak potaya konmustur. Her bir deney i¢in 12
gr toz tartilmistir. Ogiitiicii 30, 60 ve 120 saat siire ile calistirilmustir. Belirlenen siirelerde cihaz
durdurularak potadan analizler i¢in 100 mg numune alinmistir. Ogiitmenin daha etkin olmasi, iiretilen
tozlarin homojen eldesi ve potanin daha fazla 1ssnmasinin engellenmesi i¢in cihaz her 30 dakika 6giitme
sonrasinda 15 dakika siire ile durdurulmus ve ardindan tersi yonde 30 dakika calistirilmugtir.

Sentezlenen tozlarin yapisal analizleri XRD (Panalytical Empryan) analizleri ile belirlenmistir.
CuKo 1s1mas1 yapan cihazda 26 araligt 20°°den 90°’ye kadar 0.046° adim araliginda Olctimler
yaptlmistir. Tozlarin kristalit boyutlar1 ve o6rgli gerinimleri X’Pert High Score yazilimi ile
hesaplanmigtir. Sentezlenen numunelerin mikroyapilari ve elementel analiz tayinleri ise tarayici elektron
miskroskobu (SEM-EDX, FEI-Quanta) yapilmistir. Manyetik malzemeleri karakterize etmek i¢in en
yaygin kullanilan manyetometrik teknik, titresimli numune manyetometrisidir (VSM). Alternatif
manyetik alan, VSM'in baslatma bobinlerinde bir elektromotor kuvvet indiikler. Referans ve
bobinlerde indiiklenen gerilimler karsilastirildiginda aradaki fark 6rnegin manyetik momenti ile orantili
bir deger verir. Sonugta bir histerezis egrisi elde edilir (Lopez-Dominguez ve ark., 2018). Bu egriden
numunenin manyetik 6zellikleri ¢ikarilabilir. Orneklerin manyetik olgiimleri ise titresimli &rnek
manyetometresi ile (Quantum Design Physical Properties Measurement System; PPMS) oda
sicakliginda gerceklestirilmistir.

Mekanik Alasimlama

- o g Do
Tozlarin Tartilmasi a - a _h 3 Fe-Si-Cu
Fe ~ bt - b
si ooy o ik
A A )
| | | ) b
>l £ S

Fe-Si-Nb

Sekil 1. Deney akis semasi.
3. Bulgular ve Tartisma

Sekil 2°de Fe-Si-Cu ve Fe-Si-Nb alagimlarinin 6giitme 6ncesi XRD deseni verilmektedir. Sekil
2a incelendiginde Fe (ICDD Kart No: 87-0722, kiibik, Im-3m) fazi, Si (ICDD Kart No: 75-0589, kiibik,
Fd-3m) faz1 ve Cu (ICDD Kart No: 99-0034, kiibik, Fm-3m) fazina ait pikler goriilmiistiir. Sekil 2 b’deki
XRD deseninde ise Fe ve Si fazlarinin yani sira Nb (ICDD Kart No: 35-0789, kiibik, Im-3m) fazina ait
pikler tespit edilmistir. Yapilan XRD analizlerinden, baslangi¢ tozlarmin igerisinde herhangi bir
safsizliga ait pik tespit edilmemistir.
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Sekil 2. a) Fe-Si-Cu (at.%) alasiminin sentezi i¢in kullanilan baglangi¢ tozlariin XRD deseni b) Fe-
Si-Nb (at.%) alasiminin sentezi igin kullanilan baslangi¢ tozlarinin XRD deseni.

Fe-Si-Cu (at.%) ve Fe-Si-Nb (at.%) alagimlarinin 30, 60 ve 120 saat dgiitme siireleri sonrasi
XRD analizleri Sekil 3’de verilmektedir. Sekil 3a’daki Fe-Si-Cu alagimiin 30 saatlik 6gilitme sonrast
XRD deseni incelendiginde, Si elementinin ve Cu elementinin piklerinin siddetlerinin énemli dlctide
azaldigi, Fe’ye ait pik siddetinin ise arttig1 ve Fe(SiCu) kat1 ¢ozeltisi fazinin olusmaya basladigi tespit
edilmistir. 60 saatlik 6gitme siiresi sonucunda baslangi¢ elementlerinin piklerinin azalmaya devam
ettigi ve Fe(SiCu) kat1 ¢6zeltisinin piklerinin altinda kalan alanin azalmaya devam ettigi goriilmektedir.
Ogiitme sonunda ise Fe(SiCu) kat1 ¢ozelti fazina ait piklerin altinda kalan alanlarin genislemesiyle
birlikte kristalit boyutunun azaldig1, alasimlarin amorflasmaya basladig1 ve bununla birlikte ortamda bir
miktar Si ve Cu elementlerinin kaldig1 belirlenmistir. Mekanik alagimlama yonteminde uzun 6giitme
stireleri sonucunda alasim tozlarinin, bilye ve 6giitme kabi arasindaki siddetli carpigsmalar ve plastik
deformasyonlar sonrasinda amorflasmaya basladigi goriilmektedir. Fe(SiCu) fazinin olusmasiyla
birlikte bu faza ait 44.71°°deki pikin daha kii¢iik 20 acilara dogru kaymasi, Si ve Cu’nun Fe latisi
icerisinde Ogiitme siiresine bagli olarak, kati1 bir ¢ozelti olusturmaya devam ettigini gostermektedir.
Ogiitme siiresinin artmas1 mekanik alasimlama ydnteminde pikin genislemesine ve kaymasia neden
olur (Hajalilou ve ark., 2018). Sekil 3b’deki grafik incelendiginde ise, benzer sekilde 6giitmenin ilk
asamalarindan itibaren Fe, Si ve Nb elementlerinin pik siddetlerinin azaldig1 ve Fe latisi icerisinde
¢dziinmenin basladig gériilmektedir. Ogiitmenin sonunda ise Fe(SiNb) kati ¢ozelti fazimin pik
genisliginin arttig1 ve bu faza ait en siddetli pikin ise 44.65 dereceden 44.75 degerine, daha biiyiik 260
acilaria kaydig1 goriilmektedir. Bu degisim, nispeten daha biiyilik atom yarigapina ait Nb atomlariin
Fe kafesi icerisinde ¢ozliinmesinden kaynaklandig1 diistiniilmektedir.
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Sekil 3. a) Fe-Si-Cu (at.%) alagiminin 30, 60 ve 120 saat 6giitme sonrast XRD deseni b) Fe-Si-Nb (at.%)
alagiminin 30, 60 ve 120 saat dgiitme sonras1t XRD deseni.

Sekil 4°te ise Fe-Si-Cu ve Fe-Si-Nb alagimlariin farkli 6giitme siirelerine karsi, kristalit boyut
ve Orgli gerinimi grafikleri verilmektedir. Sekil 3’deki her iki alasima ait grafiklerden Ogiitme
baslangicindan itibaren piklerin siddetlerinin azaldigt ve piklerin altinda kalanlarin azaldig:
goriilmektedir. Bu durum mekanik alagimlamada kristalit boyuttaki azalma ve orgii gerinimlerdeki
artislardan kaynaklanmaktadir (Suryanarayana, 2004) . Kullanilan yontemde, bilye ve 6giitme potasi
arasinda kalan tozlar siddetli bir sekilde plastik deformasyona ugramaktadir. Ogiitmenin ilk baslarinda
kirilan, daha sonra soguk kaynaklanan tozlar ardindan yassilasarak tekrar kirilmaktadir. Bu siire¢ devam
ettikce, belirli bir asamadan sonra deformasyon sertlesmesi gercekleserek tozlarin boyutlari ¢cok fazla
degismemekte ancak iizerlerindeki gerinimler artmaya devam etmektedir. Fe-Si-Cu alagiminin kristalit
boyutu 6giitme baglangici, 30, 60 ve 120 saat 6giitme sonrast sirastyla 102.3, 22.5, 15.9 ve 8.6 nm, orgii
gerinimleri ise %0.164, %0.510, %0.672 ve %1.165 olarak hesaplanmistir. Fe-Si-Nb alasimi i¢in ise
kristalit boyutlar 140.8, 42.9, 16.8 ve 7.8 nm, orgii gerinimleri ise %0.134, %0.301, %0.639 ve %1.271
olarak bulunmustur.
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Sekil 4. a) Fe-Si-Cu (at.%) alagiminin kristalit boyut ve 6rgii gerinimi b) Fe-Si-Nb (at.%) alagiminin
kristalit boyut ve orgii gerinimi.

Sekil 5.a’daki SEM gorintiisi sonuglarindan goriildiigii lizere, tozlar 120 saat Ogiitme
sonucunda nano boyutlu kiiresel ve diizglin bir yapidadir (Escorial ve ark., 1991). Demir, silisyum ve
bakir arasindaki sertlik ve siineklik farkliliklarindan dolay1r beklendigi gibi katmanli yapilar
gozlenmemistir. Mekanik alagimlama mekanizmasinda tozlar bilye-bilye ve kap-bilye etkilesimleri
sonucu siddetli plastik deformasyona ugrar (Suryanarayana, 2004; Simsek ve ark., 2021). Mekanik
alasimlama ile alasimlanmis pargaciklarda 120 saatlik 6glitmeden sonra neredeyse tam homojenlik
gbzlemlenebilir, bu da yliksek derecede alasimlamaya isaret eder. Sekil.5a’daki SEM goriintiisiinde
numunelerin partikiil boyutunun nano boyuta inmesinden dolay1 topaklasmalar goriilmektedir. Daha
oncede belirtildigi gibi uzun 6glitme siiresi boyunca tekrarlayan soguk kaynaklanma, diizlestirme ve
kirilma, pargaciklarin enerjisinde artisa sebep olmaktadir (Suryanarayana, 2001). Bu durum yeni
ylizeyler olusturur ve bu yiizeyler oldukea aktiftir. Bu nedenle nano boyutlu toz partikiilleri enerjilerini
diisiirmek icin bir arada durma egilimi gosterir. Bu topaklasmanin ana nedenidir (Mourdikoudis ve ark.,
2018). Sekil 5.b’de verilen EDX sonuclarma gore Fe, Cu ve Si goriilmektedir. Toz iceriginde gdriilen
karbon miktarinin iletken banttan kaynaklandig diisiiniilmektedir. Sekil 5.c’de Numunelerin elementel
haritalanmasi biiyiik demir yiginlarnin i¢indeki kii¢lik Si ve Cu parcaciklarinin varligi gostermektedir.

Sekil 6a’daki SEM goriintiisii sonuglart Fe-Si-Cu numunelerde oldugu gibi, Fe-Si-Nb
numuneler kiiresel ve diizgiin bir yapidadir. Nb diisiik yogunluklu refrakter bir metaldir.Bundan dolay1
mekanik alagimlama sonunda yine katmanli yap1 goriilmez. Fe-Si-Nb ‘da 120 saatlik 6giitmeden sonra
tam homojenlik gozlemlenebilir. XRD analizi sonuglarindan hesaplanan ve SEM sonuglar ile tegit
edilen 120 saat 6giitme sonunda elde edilen partikiil boyutu Fe-Si-Cu numune ile benzerdir. Fe-Si-Nb’lu
numunelerde de nano boyutlarindan kaynakli olarak topaklasma SEM goriintiilerinde goriilmektedir.
Sekil 6b’de verilen numunlerin EDX sonuglarina gore Fe,Si,Nb ve karbon banttan kaynakli C
goriilmektedir. Sekil 6¢c’de Numunelerin Elementel haritalanmasi, Fe,Si ve Nb’un homojen dagilimini
gostermistir.
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Sekil 5. a)120 saat 6giitme sonrast Fe-Si-Cu (at.%) alagimin SEM goriintiisii b) Fe-Si-Cu (at.%)
alasimiin EDX analizi c-f) Elementel haritalama.
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Sekil 6. a)120 saat 6glitme sonras1 Fe-Si-Nb SEM goriintiisii b) Fe-Si-Cu (at.%) alasiminin EDX
analizi c-f) Elementel haritalama.

Sekil 7°de Fe-Si-Cu (at.%) ve (b) Fe-Si-Nb (at.%) alasimlarinin oda sicakligindaki manyetik
alana bagli manyetizasyon M(H) egrileri gosterilmektedir.
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Sekil 7. a) Fe-Si-Cu (at.%) ve b) Fe-Si-Nb (at.%) alasgimlarinin 300 K sicakliklardaki 6l¢iilen histerisis
egrileri.

Cizelge 1’de histerisis egrilerinden elde edilen doyum miknatislanmasi (Ms), koerzivite (Hc) ve
artik miknatislanman oranm (Mr) degerleri verilmektedir. Analizler sonucunda her iki &rneginde
ferromanyetik 6zellik sergiledigi goriilmektedir. Fe-Si-Cu (at.%) alasimimin doyum manyetizasyonu
(Ms) 31.46 emu/g, koerzivite degerleri (Hc) ise 53.36 Oe olarak, Fe-Si-Nb (at.%) alasimi i¢in ise 8.91
emu/g ve 265.39 Oe olarak bulunmustur. Fe-Si alagimi igerisine Nb katkilandiginda daha diisiik doyum
manyetizasyonu ve gorece yiiksek koerzivite degerlerinin goziikmesi, artan 6giitme siiresine bagli olarak
amorflagsma ve Orgii lizerindeki bozulmalara atfedilmektedir (Obaidat ve ark., 2015).

Ayrica, tozlarin mekanik gerilimleri ve dislokasyon miktarinin artmasi Hc'nin artmasina neden
olabilir (Shi & Yao, 2020). Shyni ve Alagarsamy’in Fe-Si ile ilgili yaptig1 ¢calismada Si oranini en fazla
%40 ¢ikarmiglar ve Si igceriginin artmasinin doygunluk manyetizasyonu azalttigini sdylemislerdir. Ms
degerindeki degisiklikleri ise Fe-Si tozlarinda Fe 3d bandinin 3p elektronlart ile kismi dolmasi ile
iliskilendirmislerdir (Shyni & Alagarsamy, 2014). Literatiir baz1 ¢aligmalar bakildig1 zaman 6gilitme
sliresinin artmasinin doyum magnetizasyonunun azalmasina sebep oldugu, bunun nedenini §giitme
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sirasinda bilye ve 6glitme kabindan toza gegen kontaminasyona baglamislardir (Du & Ramanujan, 2005;
Gonzalez ve ark., 1995). FesoNiso alasimi ile yapilan baska bir ¢alismada 60 saat 6glitmeye kadar Ms
degerinin arttig1 bildirilmistir. Bunun sebebini kafes gerinimlerinin gevsemesine baglamislardir. Ayni
calismada daha yiiksek 6giitme siirelerine ¢iktiklarinda yine kontaminasyona bagl olarak Ms degerinin
distigiini gostermislerdir. Ek olarak, Hc degerinin direk kristalin anisotropisi ile iligkili oldugunu
belirmislerdir (Hajalilou ve ark., 2018).

Cizelge 1. Fe-Si-Cu (at.%) ve Fe-Si-Nb (at.%) alasimlarinin Ms, Hc ve Mr degerleri

Kristalit boyut

Alasim (nm) M; (emu/g) H. (Oe) M,
Fe-Si-Cu (at.%) 8.6 31.46 53.36 3.17
Fe-Si-Nb (at.%) 7.8 8.91 265.39 2.09

4. Sonuc¢

Elde edilen bulgular degerlendirildiginde, es molar Fe-Si-Cu (at.%) ve Fe-Si-Nb (at.%)
nanokristallerinin mekanik alasimlama teknigi ile basarili bir sekilde elde edildigi tespit edilmistir.
Beklendigi gibi siddetli deformasyonlar sonucunda alasimlarin kristalit boyutlar1 ilk basta hizlica
azalirken, 6gilitmenin sonlarina dogru ise deformasyon sertlesmesinin gergeklesmesiyle daha stabil hale
gelmistir. Orgii gerinimleri ise tekrarlanan kirilma, yassilasma, soguk kaynaklanma ve yeniden kirilma
neticesinde artmaya devam etmistir. Fe-Si-Cu alasimimin ve FeSiNn alagimlariin kristalit boyutlari
ogilitme baslangici, 30, 60 ve 120 saat 6giitme sonrast sirasiyla 102.3, 22.5, 15.9 ve 8.6 nm ve 140.8,
42.9,16.8 ve 7.8 nm olarak hesaplanmistir. Orgii gerinimleri ise Fe-Si-Cu igin sirastyla %0.164, %0.510,
%0.672 ve Fe-Si-Nb alagimlar1 i¢in %1.165 ve %0.134, %0.301, %0.639 ve % 1.271 olarak
bulunmustur. SEM ve EDX sonuglarina bakildiginda 120 saat 6gtitme sonunda elementlerin yapida nano
boyutlu ve homojen bir dagilim gosterdigi buda alagimlamanin basarili oldugunun kanitidir. Titresimli
ornek manyetometresi (VSM) sonuglari, her iki alasiminda ferromanyetik 6zellik gosterdigini ortaya
koymustur. Fe-Si-Cu (at.%) alasimi i¢in Ms 31.46 emu/g, Hc ise 53.36 Oe olarak, Fe-Si-Nb (at.%)
alasimi icin ise Ms 8.91 emu/g ve Hc 265.39 Oe olarak bulunmustur.
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Yazarlar, manyetizma analizleri i¢in, Hacettepe Fizik Miihendisligi, Siiper Iletkenlik ve
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Makale Bilgileri Oz: Piroliz, organik maddelerin oksijensiz ortamda 1sitilmasi neticesinde
meydana gelen 1s1l parcalanma olayidir. Biyokiitle katalitik piroliz prosesi ile
enerji degeri yiiksek sivi {irlinlere doniistiiriilmektedir. Katalizér olarak metal
gatl).ulz 2A7'(;91;22002233 destekli/desteksiz MCM-41 katalizorleri kullanilmigtir. Katalizér sentezinde
rne Arat hidrotermal yontem kullanilmigtir. Bu amacla bu ¢alisgmada crambe orientalis
DOI:10.53433/yyufbed. 1284921 bitkisi 400 ‘TC s1cak11kta ve kiitle.ce %5 ve %25.’1ik MCM-41, MCM-41/Al, MCM-
41/Fe katalizorleri varliginda piroliz edilmistir. Kiitlece %5 ve %25 oranlar1 i¢in
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Anahtar Kelimeler en yiksek iist 1s1l degeri MCM-41 katalizorii varliginda sirastyla 23.87, 23.95

Crambe orientalis, olarak elde edilmistir. Katalizorler X-Ray diffraction (XRD), Scanning electron

MCM-41, microscopy (sem) with energy dispersive x-ray analysis (EDX) ve energy

ﬁgﬁ-j}?la dispersive spectroscopy (EDS) yontemleri ile karakterize edilmistir. Elde edilen
-41/Fe,

stvi driinler gas chromatography- mass spectrometry (GC-MS), Elementel ve
fouirer transform infrared spektrofotometre (FT-IR) analiz yontemleri ile
incelenmistir. Elde edilen sonuglara gére Crambe orientalis bitkisi biyokiitle
kaynag1 olarak kullanim potansiyeline sahiptir. Katalizorler iiriin bilesimi iizerine
etkilidir.

Piroliz

Pyrolysis of Crambe Orientalis Plant in the Presence of Metal Supported MCM-41
Catalyst: The Effect of Catalyst Ratio on Liquid Product Composition

Article Info Abstract: Pyrolysis is a thermal decomposition event that occurs as a result of
heating organic materials in an oxygen-free environment. Biomass is converted
into liquid products with high energy value by the catalytic pyrolysis process.
Metal supported/unsupported MCM-41 catalysts were used as catalysts.
Hydrothermal method was used for catalyst synthesis. For this purpose, in this
DOI:10.53433/yyufbed. 1284921 study, crambe orientalis plant was pyrolyzed at 400 oC in the presence of 5% and

25% by mass MCM-41, MCM-41/Al, MCM-41/Fe catalysts. The highest upper
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Keywords calorific value for 5% and 25% by mass was obtained as 23.87 and 23.95 in the
Crambe orientalis, presence of MCM-41 catalyst, respectively. The catalysts were characterized by
MCM-41, X-Ray diffraction (XRD), Scanning electron microscopy (SEM) with energy
MCM-41/Al, dispersive x-ray analysis (EDX) and energy dispersive spectroscopy (EDS)
MCM-41/Fe, methods. The liquid products obtained were analyzed by gas chromatography-
Pyrolysis mass spectrometry (GC-MS), elemental and fouirer transform nfrared

spektrofotometre (FT-IR) analysis methods. According to the results obtained,
Crambe orientalis plant has the potential to be used as a biomass source. Catalysts
are effective on product composition.
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1. Giris

Stirdiiriilebilir kalkinma, insan ile doga arasinda denge kurarak dogal kaynaklar1 tiiketmeden,
gelecek nesillerin ihtiyaclariin karsilanmasina imkén verecek sekilde bugiiniin ve gelecegin yasamim
ve kalkinmasini programlama anlamini tagimaktadir. Bu baglamda, Birlesmis Milletler'in kiiresel
kalkinma ag1 olusturmak i¢in kurdugu bir program olan Birlesmis Milletler Kalkinma Programi
(UNDP), 2030 sonuna kadar ulagilmasi amaglanan hedefleri i¢ceren 17 adet madde belirlemislerdir. Bu
maddelerden 7.si olan temiz enerjinin tesvik edilmesi amaci dogrultusunda erisilebilir temiz enerji
amacini ifade etmislerdir. Erisilebilir temiz enerji amaci, enerjiye herkesin erisilebilmesini saglamak
icin glines, riizgar ve termal gibi temiz enerji kaynaklarma yonelimin gerekliligini ifade etmektedir
(Genel, 2022). Yenilenebilir enerji, dogal rezervleri kendiliginden artan, en 6nemlisi ¢evreye sera gazi
emisyonu birakmayan temiz, siirdiiriilebilir ve giivenilir kaynaklar olarak tanimlanmaktadir. Fosil
kaynaklarin zamanla tilkenmesi, fiyatlarindaki siirekli artig; CO, salinimi, zararli gaz emisyonu (CO,
SOx, NOx, PbOx) ve bunun sonucunda olusan sera gazi etkisi yenilenebilir enerjiye olan talebi
artirmistir. Yenilenebilir enerji kaynaklar ile CO, emisyonu sonucu olusan sera gazi gibi insan ve
¢evreye zararli maddelerin saliniminin azalmasi amaglanmaktadir. Ayni zamanda fosil kaynakli enerjiye
olan baglilik azalacak ve yenilenebilir enerji kaynaklari ile ekonomik yonden de 6nemli gelismeler elde
edilecektir (Kincay ve ark., 2009). Bu baglamda, biyokiitle, yaygin bulunabilirligi, diisiik maliyeti ve
organik yapisi nedeniyle umut verici bir alternatif olarak ortaya ¢ikmaktadir. Biyokiitleden elde edilen
biyoyakit, yenilenemeyen fosil yakitlara bagimlilig1 azaltmak icin siirdiiriilebilir bir ¢6ziim sunar ve
ayrica tim yasam dongiisii boyunca karbon emisyonlarinin azaltilmasina katkida bulunur (Aysu &
Durak, 2016). Biyokiitlenin yakita doéniigtiiriilmesi i¢in iki ana yaklasim vardir: termokimyasal ve
biyolojik yontemler. Termokimyasal yontemler arasinda yakma, gazlastirma, piroliz ve sivilagtirma
bulunurken, fermantasyon birincil biyolojik yontemdir. Piroliz, organik maddelerin oksijensiz ortamda
1sitilmasi neticesinde meydana gelen 1s1l pargalanma olayidir. Bu yontem biyokiitleyi daha faydali
yakitlara doniistiirmede kullanilan temel termokimyasal islemlerden biridir. Biyokiitlenin pirolizi ile
kat1, stv1 ve gaz tirtinleri elde edilir. Biyokiitle piroliz prosesi sonunda s1vi, kat1 ve gaz {irlinlere doniisiir
(Chen ve ark., 2008). Piroliz reaksiyon sartlarina gore farkl teknikleri vardir. Bu teknikler arasinda
geleneksel piroliz, yavag piroliz, hizli piroliz ve flash piroliz sayilabilir. Ayrica vakum ve hidropiroliz
gibi ileri tekniklerde kullanilabilmektedir. Pirolizde reaksiyon sartlarma farkli kimyasal bilesimde
iirtinler elde edilebilmektedir (Bridgwater, 1994; Li ve ark., 1999).

Ayrica, piroliz, yakit {iretimi i¢in yararli olan, hidrokarbonca zengin bir gaz karigimi ve
karbonca zengin bir kat1 kalinti olusumuyla sonuglanir. Hidrokarbon agisindan zengin gaz karisima,
hidrojen, metan ve cesitli hidrokarbonlar gibi genis bir iiriin yelpazesi elde etmek icin daha fazla
islenebilirken, karbon agisindan zengin kati kalinti, kati1 bir yakit olarak veya aktiflestirilmis gazlar gibi
diger uygulamalar i¢in kullanilabilir (Yu ve ark., 2012). Pirolizde enerji tiikketimi daha azdir ve piroliz
islemi sonunda elde edilen yanici gazlar sistemin kendisinden enerji saglayabilir. Bu nedenle piroliz,
biyokiitlenin yakita doniistiiriilmesi i¢in oldukga siirdiiriilebilir ve ¢ok yonlii bir teknoloji olma
potansiyeline sahiptir (Islam ve ark., 2004). Biyokiitlenin pirolizinden elde edilen biyo-yaglar,
yenilenebilir, karbon nétr olduklar1 ve yenilenemeyen kaynaklara bagimlilig1 azaltma potansiyeline
sahip olduklar1 icin petrol bazli yakitlara umut verici bir alternatif olarak goriilmektedir. Bununla
birlikte, biyokiitle doniisiimii icin hammadde olarak gida bazli malzemelerin kullanilmasi, gida kitligina
ve diger sosyo-ekonomik zorluklara yol agabilir. Sonug olarak, biyo-yag iiretimi i¢in gida dis1 biyokiitle
kaynaklarinin kullanimina artan bir ilgi vardir. Bu gida dis1 kaynaklar, gida iiretimi ile rekabet etmeyen
cesitli tarimsal ve ormancilik atiklarimin yani sira enerji mahsullerini igerir. Gida dis1 biyokiitle
kaynaklarinin kullanimi, yalnizca gida giivenligi sorununu ele almakla kalmaz, aym zamanda atik
azaltma, toprak iyilestirme ve karbon tutma gibi baska faydalar da saglar. Bu nedenle, gida dis1 biyokiitle
kaynaklarinin arastirilmasi ve kullanilmasi, biyo-yaglarin ve diger biyo-esasl iiriinlerin siirdiiriilebilir
iiretimi i¢in dnemli bir potansiyele sahiptir (Park ve ark., 2014). Literatiirde odun, orman atiklari, yosun,
otsu bitkiler gibi bir¢ok farkli biyokiitle kaynagimin pirolizi ¢alisilmistir (Ozbay ve ark., 2019). Elde
edilen biyo-yaglarin yiiksek oksijen icerigi, asindiricilik ve diisiik pH gibi istenmeyen yakat 6zelliklerine
sahip oldugu gézlemlenmistir. Katalitik piroliz islemi, biyo-yaglarin yakit 6zelliklerini iyilestirmek i¢in
kullanilir. Asidik, alkali ve gozenekli katalizorlerin biyo-yag 6zelliklerini iyilestirdigi belirlenmistir
(Iliopoulou ve ark., 2007; Kawale & Kishore, 2021). Katalitik yiikseltme, pirolizden sonra yataga
yerlestirilen katalizorle veya kuru karisimla yerinde piroliz yoluyla gerceklestirilebilir (Williams &
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Horne, 1995; Torri ve ark., 2009). Biyokiitle, piroliz ile doniistiiriildiigiinde ¢ok ¢esitli yapi taslarina ve
irlinlere ayrisir. Bu maddeler arasinda su, karbo”gksilik asitler, lignin pargalari, fenoller, furfural,
ketonlar, alkoller ve karbonhidratlar bulunur. Biyo-yag, ticari petrol bazl yakitlarla karsilagtirildiginda,
bir¢ok bileseni nedeniyle daha diisiik bir enerji degerine sahiptir ve piroliz sonrasi agiga cikan asitler
nedeniyle asitlik degeri petrol bazli yakitlara gore ¢ok daha yliksektir. Teknolojinin ve uygulamalarin
gelismesine bagli olarak piroliz sonrasi agiga ¢ikan biyo-yaglardan ¢ok daha gesitli ve katma degeri
yiiksek tirtinler elde edilebilmektedir (Ates & Isikdag, 2009). Biyokiitlenin katalitik pirolizini arastiran
bir¢ok calismada HZSM-5, HY ve HBeta gibi mikro gézenekli zeolit katalizorleri kullanilmstir (Park
ve ark., 2010; Dhal ve ark., 2020). Lignoseliilozik biyokiitlenin pirolizi ile elde edilen biyo-yag, biiyiik
molekiiler yapilara sahip bir¢ok bilesikten olusur. Daha biiylik gdzenek yapilara sahip katalizorlerin
kullanilmasinin biyo-yag kalitesini iyilestirebilecegi diisiiniilmektedir. Yapilan arastirmalarda gézenekli
yapiya sahip malzemelerin daha aktif katalitik yiizeyler saglayabilecegi, 6zellikle MCM-41 tipinin
katalitik ylikseltmede faydali olacagina inanilmaktadir (Corma, 1997). Bu tip katalizdrlerin aktivitesi
bir¢ok piroliz ¢aligmasinda arastirnlmistir. Saf silikat MCM-41'in asidik bolgeleri yoktur, bu yapiya
eklenen metaller onemlidir ve katalizoriin aktivitesini arttirir. MCM-41 yapisina gegis metallerinin (Al,
Cu, Fe, Zn) eklenmesinin katalizoriin aktivitesini iyilestirdigi bulunmustur (Adam ve ark., 2006;
Dobrzynski ve ark., 2009). MCM-41 diizenli gbzenek dagilimina, yliksek BET yiizey alanina (> 700
m2/g), genis gdzenek hacmine ve 1,5-10 nm arasinda gdzenek capina sahiptir. Tek boyutlu ve altigen
gozenekli bir malzemedir (Beck ve ark., 1992). Katalizoriin biyokiitlenin pirolizinde ¢ok etkili oldugu
bir¢ok ¢alismada bilinmektedir. Bir ¢alismada selilloz, MCM-41 ve AI-MCM-41 katalizérii ile pirolize
edilmigstir. Yapilan deneyler sonucunda MCM-41 ile Furan veriminin arttig1, AI-MCM-41 ile olefin ve
aromatik bilesiklerin veriminin arttig1 tespit edilmistir (Chi ve ark., 2018). Baska bir ¢alismada seliilozun
MCM-41 katalizorii ile pirolizinde olefinler, aromatikler ve ¢ogunlukla alkolden olusan oksijenli
bilesikler elde edilmistir (Xue ve ark., 2017). Piroliz isleminde daha verimli ve yiiksek verimli doniisiim
saglamak icin yeni tip katalizorler kullanilmaktadir. Destek malzemeleri ve destek malzemelerine
eklenen metal katalizorler biiytik ilgi gérmektedir. Bu ¢alismada, crambe orientalis bitkisi sabit yatakli
bir reaktérde MCM-41, Fe-MCM-41, AI-MCM-41 katalizorleri ile pirolize edilmistir.

2. Materyal ve Yontem
2.1. Materyal

Bu calismada biyokiitle kaynagi olarak Crambe orientalis bitkisinin kullanilmistir. Crambe
orientalis, 40-120 cm boylarinda, ¢ok dalli, gevsek ¢igek salkimina sahip 500-2800 metre rakimda
tarima agilmamig yerlerde, nadas alanlari ve kuru yamaglar gibi genis bir alanda dogal olarak yetigebilen
cok yillik bir bitkidir. Ulkemizde Crambe orientalis I¢ Anadolu, Dogu Anadolu ve Giiney—Dogu
Anadolu’da yetismektedir. Crambe orientalis bitkisi Van Yiiziincii Y1l Universitesi yerleskesinde
(Cografi koordinatlar, Enlem: 38° 34' 34" K Boylam: 43° 17' 78" D) toplanmistir. Caligmalarda biyokiitle
kaynag1 olarak kullanilan crambe orientalis bitkisi denemelerde kullanilmadan once ¢esitli 6n
islemlerden gegirilerek kullamima hazir hale getirilmistir. Oncelikle toplanan bitki saplart
yapraklarmdan ayrilmis ve kiiciik parcalara boliinerek golgede yaklasik 45 giin siireyle kurutulmustur.
Daha sonra kurutulan bu numuneler ¢elik bigakli bitki 6giitiicli degirmende 6giitiilerek 40 ve 60 mesh’lik
elekten gegirilerek eleme islemi yapilmistir. Ardindan 60 mesh elek {izerinde kalan numuneler plastik
kaplarda hava almayacak sekilde saklanmistir. Denemelere baglamadan 6nce hammadde farkli analiz
yontemleri ile karakterize edilmistir. Biyokiitlenin nem, ekstraktif, lignin, seliilloz, hemiseliiloz ve kiil
analizleri yapilmistir. Bu analizlerde tappi T222, T202, T264 ve T211 yontemleri kullanilmistir (Genel,
2022).

Hammaddenin (Crambe Orientalis) 1s1l davraniginin belirlenmesi amaciyla yapilan TGA analiz
sonucuna gore 300, 400 ve 500 °C bu bitkinin pirolizi i¢in uygundur (Genel, 2022). Bu arastirmada
piroliz denemelerinde reaksiyon sicakligi 400 °C katalizor orani ise %5 ve %25 olarak belirlenmistir.
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2.2. Yontem
2.2.1. Katalizor sentezi

Piroliz ¢aligmalarinda iiriin verimini ve kalitesini arttirmak icin MCM-41, MCM-41/Al1, MCM-
41/Fe Xkatalizorleri sentez yontemi literatlir ¢aligmalarindaki optimum sartlar dikkate alinarak
belirlenmistir  (Gedikli, 2017). MCM-41 sentezinde yiizey aktif madde olarak
setiltrimetilamonyumbromiir (CTMABr) kullanilmigtir. Sodyum silikat ¢ozeltisi kullanilarak
hidrotermal metotla yaklasik 100 g sentez ¢ozeltisi elde edilecek sekilde MCM-41 katalizoriiniin sentezi
igin 13.2 g yiizey aktif madde (CTMABr), 70 ml deiyonize su mekanik karistirici yardimiyla iki saat
karigtirllmis ve yiizey aktif madde ¢ozeltisi hazirlanmigtir. Elde edilen ¢6zeltiye 11.3 ml sodyum silikat
yavas yavas eklenerek yaklasik iki saat daha karigtirilmistir. Karigtirma islemi sonucunda jel halinde bir
karigim elde edilmistir.

Cizelge 1. Metal desteksiz/destekli MCM-41 katalizorleri sentezinde kullanilan kimyasal maddeler

Sentez Bileseni Kaynak

Silika Kaynagi Sodyum silikat ¢ozeltisi (kiitlece %27 Si02, %8 Na20, %65 H20,
d=1,391g/mL, Merck)

Yiizey Aktif Madde Setil trimetil amonyum bromiir (CTMABT)
(toz, %99 saflikta, Merck)

(Coziich Deiyonize su

Metal Destegi Kaynagi AI(NO3)3.9H20 (%095 saflikta, Merck)

Fe(NO3)3.9H20 (%99 saflikta, Merck)

Saf MCM-41 katalizorii sentezinde silika kaynagi, yiizey aktif madde ve ¢oziicli temel olarak
kullanilan maddelerdir. MCM-41 numunesinin katalitik aktivitesini arttirmak amaciyla yapiya metal
kaynag1 eklenebilmektedir (Gedikli, 2017; Genel, 2022).

Her iki metal destekli katalizor i¢in ayr1 ayr hesaplanan Al-Fe/Si oranina gore tartilan
AI(NO3)3.9H,0 (5.3 gr) ve Fe(NO3)3.9H20 (5.7 gr) deiyonize suda ¢oziilmiis ve ¢ozelti elde edilen
jele eklenmistir. Karisim iki saat daha manyetik karistirici ile karistirilmaya devam edilmistir. Jel
kivamma gelmis karisim teflon kaba konulmus ve 120 °C sicakliktaki etiivde dort giin bekletilmistir.
Etiivden ¢ikarilan numune vakumlu filtrasyon sistemi yardimiyla siiziilmiis, iizerinden deiyonize su
gecirilerek yikanmistir. Saat camina alian kat1 {iriin oda sicakliginda bir giin bekletilerek kurutulmus
ve daha sonra 500 °C sicaklikta ve alt1 saat boyunca kalsine edilmistir (Gedikli, 2017).

3. Bulgular

Denemelerde kullanilan crambe orientalis bitkisine ait i¢erik ve elementel analiz sonuglar
yapilan analizler ve hesaplamalar ile bulunmustur. Elementel analiz sonucunda dulong formiiliine gére
enerji degeri 13.89 Mj/kg olarak hesap edilmistir (Genel, 2022). Yapilan sentez ¢alismalar1 sonunda
MCM-41, MCM-41/Al ve MCM-41/Fe katalizorleri sentezlenmistir. Yapilan sentez islemlerinin
basarili oldugu karakterizasyon analizleri sonucunda tespit edilmeye ¢alisilmigtir. Bu amagla saf MCM-
41 katalizoriine XRD ve SEM-EDX, MCM-41/Al ve MCM-41/Fe katalizorlerine ise XRD, SEM-EDX
ve SEM-EDS analiz yontemleri uygulanmistir (Genel, 2022).

Asagida MCM-41 katalizoriine ait XRD ve SEM-EDX sonuglarn goriilmektedir. Sekil 1’de
XRD sonucu incelendiginde daha dnceki ¢alismalarda elde edilmis MCM-41’in karakteristik pikleri ile
uyumlu oldugu gézlemlenmistir (Gedikli, 2017).

MCM-41 katalizoriiniin morfolojik yapis1 hakkinda bilgi edinebilmek amaciyla Sekil 2°de SEM
ve SEM-EDX analizi yapilmistir. MCM-41 SEM gériintiileri, MCM-41’in gézenek yapisit hakkinda
bilgi vermektedir. SEM analiz sonuglari ¢ekilen bolge ve kullamlan yontemle degisiklik
gosterebilmektedir. Elde edilen katalizoriin SEM goriintiileri literatiir ile benzerlik gostermektedir
(Genel, 2022).
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Sekil 2. a) MCM-41 SEM analizi, b) MCM-41 SEM-EDX analizi.

Hidrotermal metotla sentezlenen MCM-41/Al katalizoriine ait XRD, SEM-EDX ve SEM-EDS
sonuglar incelendiginde MCM-41 yapisina ait ana pik gozlemlenirken, aliiminyum yapisina ait pik
(26 =38.10°, 78°, 44.37°) veya AlLOs; yapisina ait pikler (20=43.36°, 35.14°, 57.52°)
gozlemlenmemektedir. Sekil 3’de yapilan XRD analiz sonuglarina gére MCM-41 yapisina eklenen
alliminyumun MCM-41 karakteristik yapisini bozmadigi, aliminyumun MCM-41 kristal 6rgii agina
homojen sekilde yerlestigi diisiiniilmektedir. Elde edilen sonuglar literatiir ile uyumludur (Gedikli, 2017;
Genel, 2022).

SEM analizleri sentezlenen katalizorlerin morfolojik yapilari hakkinda bilgi edinebilmek
amaciyla yapilmistir. Sekil 4°’de SEM-EDX ve SEM-EDS analizleri yapilmis ve MCM-41 yapisina
yiiklenen aliiminyumun atomik ve kiitle dagilimi incelenmistir.
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Sekil 4. a) MCM-41/Al’in SEM goriintiileri b) MCM-41/Al’in SEM-EDX goriintiileri ¢) MCM-
41/Al’in SEM-EDS goriintiileri.
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MCM-41 yapisina demir eklenmesi ile olusan Fe,Os; fazina ait pikler 30-40° araliginda
gorilmektedir. Sekil 5’te XRD grafiginde numunenin yapisindaki Fe/Si oran arttik¢a, eklenen demirin
kristal orgii igine yerlesmedigi ve katalizoriin dis ylizeyinde Fe,Os3 fazi olusturdugu goézlemlenmistir.
Fe,0s ait karakteristik pikler (012, 104,110,113,116) gézlenmistir ().
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Sekil 5. MCM-41/Fe’in XRD grafigi.

Sentez sonrasi kati numune yapisina yerlestirilen demir ve silisyum oranlarimi incelemek
amaciyla MCM-41/Fe katalizorlerine ait SEM, SEM-EDS ve SEM-EDX analizlerinden faydalanilmis
ve sonuglar Sekil 6’da verilmistir.

MCM-41/Fe katalizorii i¢in yapilan SEM-EDS analizleri sonucunda bu katalizorlerin sentezi
sirasinda hazirlanan Fe/Si molar oraninin, SEM-EDS analizi sonucunda MCM-41 yapisina yiiklenen
Fe/Si molar oraniyla tutarli oldugu belirlenmistir. Ayrica hazirlanan Fe-MCM-41 numunelerinde SEM-
EDS analizi ile belirlenen Fe/Si molar oranlarinin sentez esnasinda hazirlanan Fe/Si molar oranlarindan
daha yiiksek ¢iktig1 goriilmektedir. Yapidaki Fe/Si oranindaki bu artisin  hidrotermal metot
basamaklarindan biri olan yikama islemi esnasinda, numuneler i¢in silisyum kaybinin fazla olmasindan
kaynaklandig1 diistintilmektedir (Gedikli, 2017; Genel, 2022).
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Sekil 6. a) MCM-41/Fe’in SEM goriintiileri, b) MCM-41/Fe’in SEM-EDX goriintiileri ve ¢) MCM-
41/Fe’in SEM-EDS goriintiileri.

Yapilan 400 °C, %5 ve %25 katalizor oran1 denemelerinde elde edilen sivi iiriinler GC-MS,
elementel ve FT-IR analizleri ile incelenmistir. Cizelge 2 ve 3’te GC-MS analiz sonuglar1 goriilmektedir.
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Cizelge 2. 400 °C'de katalizor miktar kiitlece %5°lik katalizorlii piroliz denemelerinden elde edilen sivi
iiriinlerde bulunan kimyasal bilesikler

MCM-41 MCM-41/A1 MCM-41/Fe

No Bilesik adi Formiilii ISJIZuIn [S;r\illn [S;r\illn
Monoaromatikler

1 m-Cresol C7HsO 3.34 4.86 3.17
2 o0-Cresol C-HsO 2.7 4.84 3.28
3 Guaiacol C7Hs02 2.42 3.17 2.14
4 Phenol, 2-Ethyl- CsHi100 - 2.28 1.53
5 Phenol, 2,4-dimethyl- CsH100 0.42 - 0.29
6  2-Ethylphenol CsHi00 - 0.87 -

7 Phenol, 2,3-dimethyl- CsH100 1.60 - -

8 Phenol, 3-ethyl- CsH100 - 1.20 -

9 Phenol, 2-methoxy-4-methyl- CsH1002 0.61 2.51 0.90
10 2,6-Dimethoxyphenol CsH1003 2.86 3.53 241
11 1H-Inden-5-ol, 2,3-dihydro- CoH100 - 1.14 -

12 2-Methoxy-4-vinylphenol CoH1002 0.94 1.24 0.76
13 Phenol, 4-ethyl-2-methoxy- CoH1202 0.97 1.84 1.03
14 Eugenol Ci0H1202 0.51 - -

15 Isoeugenol Ci0H1202 2.25 2.75 1.85
16  Phenol, 2-methoxy-4-(1-propenyl)- CioH1202 - - 0.49
17 3,6 Dimethoxy-2-Ethylbenzaldehyde CioH1203 6.10 - -

18  Phenol, 2-methoxy-4-propyl- Ci0H1402 - 1.03 1.00
19 Benzene,1,2,5-Trimethoxy-3-Methyl C10H1403 2.04 1.89 1.33
20  Phenol, 2,6-Dimethoxy-4-(2-Propenyl)- Ci1H1403 0.64 4.27 3.32
21  2,6-Dimethyl-4-Propylphenol CiHi60 0.80 - -

22 Phenol, 2-Methoxy-4-(2-Propenyl)- Ci2H1403 - 0.77 -
Poliaromatikler

23 1,4-Dihydrophenanthrene CisHiz - 1.92 -

24 1-Methyl-9H-Fluorene CisHiz - - 1.12
25  4-Propyl-1,1'-diphenyl CisHie - - 0.79
Oksijenli

26 Acetic Acid C2H402 3.74 4.56 4.24
27  2(5H)-Furanone C4H402 0.77 1.82 -

28  2-Furylmethanol CsHeO2 1.78 2.75 -

29  1,2-Cyclopentanedione, 3-methyl- CeHzO2 1.12 2.05 1.48
30 1-Methyl-2,3-cyclohexadione C7Hi002 - 1.37 -

31 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C7H1002 0.30 - 0.86
32 3-Methylcyclopenten-1-Carboxylic Acid C7H1202 0.90 - -

33 2,3,4-Trimethyl-2-Cyclopenten-1-One CsHi20 - - 0.18
34  Furan, 2-butyltetrahydro- CsHi60 0.81 - -

35  2,6,8-Trimethylbicyclo[4.2.0]oct-2-ene-1,8-diol Ci1iHi502 - 0.12 -

36 1,4,7,10,13,16-Hexaoxacyclooctadecane C12H2406 27.53 14.05 31.98
37 18,18'-Bi-1,4,7,10,13,16-hexaoxacyclononadecane C26Hs50012  6.08 1.26 2.44
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Cizelge 2. 400 °C'de katalizor miktar kiitlece %5°lik katalizorlii piroliz denemelerinden elde edilen sivi
iiriinlerde bulunan kimyasal bilesikler (devam)

Alifatikler

38 Propanoic Acid C3HeO2 0.53 2.06 1.59

39 Butanoic Acid C4HzO2 0.86 1.46 1.01

40 4-Hexenal CesH100 - - 2.32

41 Oxirane, Butyl- CeH120 1.07 - -

42 2-Hydroxy-2-Methyl-4-Pentanone(Diacetone) CsH1202 0.97 - 1.06

43 2-Pentanone, 4-Hydroxy-4-Methyl- CsH1202 - 1.55 -

44 1,2-Hexadiene, 5-methyl- C7Hiz - 1.56 -

45  Butyl 2-Methylpropanoate CsHi602 - 1.09 -
2-[2-[2-[2-[2-[2-[2-[2-[2-(2-

46  Methoxyethoxy)ethoxy]ethoxy]ethoxy]etho CsHis04S - 3.76 -
xy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol

47  2-Dodecylcyclobutanone Ci6H300 - - -

48 n-Hexadecanoic acid Ci6H3202 18.91 11.63 14.60

49  Hexanethioic acid, S-decyl ester C16H3208 - - -

50  Octaethylene glycol Ci6H3409 5.83 6.34 10.07

Digerleri

51 Silane, Triethyl- CsHieSi - - 1.06

52 3,5-Dimethyl Cyclopentenolone C7Hiz 0.64 1.64 0.89

Cizelge 3. 400 °C'de katalizor miktar kiitlece %25°lik katalizorlii piroliz denemelerinden elde edilen
sivi tirlinlerde bulunan kimyasal bilesikler

MCM-41 MCM-41/A1 MCM-41/Fe

No Bilesik ad1 Formiili lelr\/ijln lsjlrviiln lsjlrviiln
Monoaromatikler

1 Phenol CsHeO - - 5.11
2 m-Cresol C7HsO 4.72 5.18 4.53
3 0-Cresol C7HsO 4.59 52 -

4 Guaiacol C7HzO2 2.65 2.92 2.62
5 Phenol, 2-Ethyl- CsHi100 0.77 - 2.79
6 Phenol, 3,4-dimethyl- CsH100 0.56 1.17 0.93
7 Phenol, 2,4-dimethyl- CsH100 - - 0.33
8 Phenol, 2,3-dimethyl- CsH100 0.39 0.39 -

9 Phenol, 4-ethyl- CsHi00 - 2.41 -

10 Phenol, 3-ethyl- CsH100 2.06 0.77 -

11 Phenol, 2-methoxy-4-methyl- CsH1002 1.23 1.41 0.78
12 2,6-Dimethoxyphenol CsH1003 2.25 - 2.33
13 Dimethyl(Phenyl)Phosphine CsHiiP - - 0.63
14 1,2-Benzenedicarboxylic Acid CsHeO4 - 3.39 -

15 1H-Indole, 5-methyl- CoHoN - - 1.20
16 2-Methoxy-4-vinylphenol CoH1002 0.65 1.12 0.94
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Cizelge 3. 400 °C'de katalizor miktar kiitlece %25°lik katalizorlii piroliz denemelerinden elde edilen
stv1 tiriinlerde bulunan kimyasal bilesikler(devam)

17 Benzeneacetic Acid, 4-Hydroxy-3-Methoxy- CoH1004 - - 3.12
18 3,5-Dimethoxybenzyl alcohol CoH1203 - - 0.31
19 Phenol, 3-Ethyl-5-Methyl- CoHi120 0.31 - 0.46
20 Phenol, 2,3,5-trimethyl- CoH120 - - 0.42
21 Phenol, 2,4,6-Trimethyl- CoH120 0.32 - -

22 Phenol, 4-ethyl-2-methoxy- CoH1202 1.28 1.36 1.28
23 2-Butanone, 4-(4-Hydroxyphenyl)- CioH1202 0.72 - 0.69
24 Isoeugenol Ci0H1202 1.83 2.61 1.98
25 XI:;;}:: (4-Hydroxy-3-Methoxyphenyl) C1oH1O4 086 ) )

26 Phenol, 2-methoxy-4-propyl- Ci0H1402 0.50 3.41 0.72
27 Benzene, 1,2,5-Trimethoxy-3-Methyl Ci0H1403 1.50 2.21 1.57
28 Phenol, 2,6-Dimethoxy-4-(2-Propenyl)- CiiH1403 3.12 3.11 2.37
29 2,6-Dimethyl-4-Propylphenol CiHi60 1.01 - -

30 3H-Benz[e]indene, 2-methyl- CisHiz - - 1.34
31 2,5-Dimethoxy-4-ethylamphetamine Ci3H21NO2 0.87 - -
Poliaromatikler

32 Ethylene, 1,1-diphenyl- CisHiz - 2.36 -
33 Benzene, 1,1'-propylidenebis- CisHie - 1.61 -
Oksijenli bilesikler

34 Acetic Acid C2H402 433 5.93 4.86
35 N-Nitrosodimethylamine C2H6N20 - - 0.22
36  4-Pyranone, 2,3-Dihydro- CsHeO2 - - 0.33
37  2-Furylmethanol CsHeO2 1.72 3.14 2.86
38 N-Methyl Succinimide CsH7/NO: - - 1.39
39  2-Cyclopenten-1-one, 3-methyl- CesHsO 0.62 0.84 0.84
40 1,2-Cyclopentanedione, 3-methyl- CeHs02 1.52 2.04 2.03
41  1-Piperidinecarboxaldehyde C¢H1INO 1.07 - -

42 2-Cyclopenten-1-one, 2,3-dimethyl- C7H100 - - 0.48
43  2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C7H1002 0.56 1.28 1.29
44  3,4-Dimethyl-1,2-cyclopentadione C7H1002 - - 1.61
45 5-[3-Methyl-2-furyl]hydantoin CsHsN203 0.26 - -

46  Furan, 2-butyltetrahydro- CsHi60 - 2.37 1.13
47  1-methyl-4-(1-Methylethylidene)Cyclohexanol CioH150 - - 0.27
48  4-Isopropyl-1-methylcyclohexanol Ci0H200 - - 0.48
49  1,4,7,10,13,16-Hexaoxacyclooctadecane C12H2406 24.79 13.87 20.35
50 18,18'-Bi-1,4,7,10,13,16-hexaoxacyclononadecane Ca6Hs50012 1.25 3.71 4.05
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Cizelge 3. 400 °C'de katalizor miktar kiitlece %25°lik katalizorlii piroliz denemelerinden elde edilen
sivl1 lirlinlerde bulunan kimyasal bilesikler (devam)

Alifatikler

51 Propanoic Acid C3HeO2 1.81 - -

52 Butanoic Acid C4Hz02 1.16 1.48 1.41
53 2-Propanone, 1-(Acetyloxy)- CsHsOs3 - 0.48
54  Butyl aldoxime, 3-methyl-, anti CsHiNO 0.92 - -

55 Propanedioic acid, methyl-, dimethyl ester CeH1004 - - 0.55
56  2-Hydroxy-2-Methyl-4-Pentanone (Diacetone) CeHi202 1.21 2.07 1.70
57  4-Octyne CsHis - - 2.00
58  3-Hexanone, 4-ethyl- CsHi60 0.49 - -

2-[2-[2-[2-[2-[2-[2-[2-[2-(2-
59  Methoxyethoxy)ethoxy]ethoxy]ethoxy]etho CsHis04S 4.61 - -
xyJethoxy]ethoxy]ethoxy]ethoxy]ethanol

60  2,2,3-Trimethyloxetane CoH2o - 1.78 1.09
61 n-Hexadecanoic acid Ci6H3202 14.99 11.45 11.63
62  Octaethylene glycol Ci6H3409 2.96 3.71 1.72
63 ?—:fitin:ethyl-dodec:-cZi(,ié-dienyl este1 OHdydrooS L e myos 0.7 114 )

64  Octaethylene glycol monododecyl ether C28Hs309 - 1.64 -
Digerleri

65  3,5-Dimethyl Cyclopentenolone C7Hi2 1.26 1.51 -

66  Methyl ethyl cyclopentene CsHi4 2.02 - -

67 Bicyclo[4.1.0]Heptane, 1-Methyl- CsHis - - 0.93

GC-MS analiz sonuglarina gore piroliz prosesinde elde edilen sivi iiriinlerin igerisinde ¢ok
sayida C, H, O, N, F, S, Cl, P, Si igeren bilesikler mevcuttur. Sivilastirma prosesinde yapilan
denemelerde elde edilen biyo-yag icerisinde 2-28 (C,-Cag) karbonlu bilesikler bulunmustur.

Cizelge 4. 400 °C, kiitlece oram %5°lik, %25’lik katalizorler ile pirolizinden elde edilen s1v1 iriinlerin
elementel analiz sonugclari

400 °C MCM-41 MCM-41 MCM-41/A1 MCM-41/A1 MCM-41/Fe MCM-41/Fe
%5 %25 %5 %25 %5 %25
Sivi liriin Sivi liriin S1vi liriin S1vi liriin S1v1 iirtin S1vi liriin
(%) (%) (%) (%) (%) (%)
C 58.25 58.35 57.66 57.79 55.82 55.27
H 6.85 6.82 6.84 6.67 6.87 7.05
N 3.17 3.64 3.43 3.56 2.75 2.86
(0] 31.73 31.19 32.08 31.98 34.55 34.82
H/C 1.40 1.39 1.41 1.38 1.47 1.52
Molar oran
o/c 0.41 0.40 0.42 0.42 0.46 0.47
Molar oran
Ust sil degeri 5 o7 23.95 23.59 23.42 22.57 22.60
Mj/kg

Cizelge 4’de 400 °C’de, kiitlece %5’lik ve %25’lik katalizor oranlarindaki denemelerden elde
edilen sivi1 iiriinlerin elementel analiz sonuglar ve 1s1l degerleri goriilmektedir. Bu denemelerde elde
edilen sivi {irlinlerde biyo-yagin karbon degerleri en yiiksek kiitlece %25 MCM-41(%58.35)
katalizoriinde oldugu goriilmektedir.
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Crambe Orientalis bitkisinin 400 °C’de kiitlece %5 ve %25 lik oranlarda piroliz sonucu elde
edilen sivi {irinlerin FT-IR spektrumlart Sekil 7-8’de gosterilmistir. Elde edilen sonuglara gore, FT-IR
analizleri Crambe Orientalis bitkisinin FT-IR analizi (bkz. Genel, 2022) ile metal destekli/desteksiz
MCM-41 katalizorlerin varliginda elde edilen {irlinlerin FT-IR spektrumlar1 benzerlik gostermektedir
Ayrica sivi Uriinlerin FT-IR karakterizasyonu ile elde edilen sonuglar GC-MS analizi ile uyum
igerisindedir. Bu durum iriinlerin ayn1 fonksiyonel gruba sahip olmasi ile agiklanabilir. Hammadde ve
biyo-yaglarin spektrumlarinda 3300-3400 cm™! araliginda O-H gerilme titresimlerine ait karakteristik
pikler goriilmektedir. Piklerin genis durumda olmasi yapidaki hidrojen baglarini isaret eder. 2870-2960
cm! araliginda gozlenen pikler alifatik CHs; ve CH, deki C-H gerilme titresimlerini temsil etmektedir.
1680-1840 c¢cm™ civarinda gozlenen keskin ve genel olarak siddetli pik C=O grubunun varligini
gostermektedir. Bu grup iiriinlerin bilesimdeki keton ve aldehitlerin varhigim gosterir. 1500-1600 cm™!
araliginda gelen pikler aromatik C=C fonksiyonel grubunun varligimi gostermektedir. Biyo-garlarda
gozlenen bu pik, hidrotermal sivilagtirmadaki aromatik ¢ekirdegin yapisi ile agiklanabilir.
650-900 cm™’de gelen pikler ise aromatik yapidaki C-H titresimlerinden kaynaklanmaktadir. FT-IR
spektrumlarindan biyo-carlardaki aromatikligin daha fazla oldugu anlasilmaktadir (Durak, 2016).
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Sekil 7. Sivi iiriintin 400 °C kiitlece %5 oraninda MCM-41, MCM-41/Al, MCM-41/Fe katalizorleri FT-
IR spektrumlari.
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Sekil 8. Sivi1 iiriiniin 400 °C kiitlece %25 oraninda MCM-41, MCM-41/Al, MCM-41/Fe katalizorleri
FT-IR spektrumlari.
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4. Tartisma ve Sonug

MCM-41, yiiksek yiizey alanina ve diizenli gbzenek boyutu dagilimina sahip goézenekli bir
malzemedir. Bu malzeme, piroliz doniisiimii de dahil olmak iizere gesitli kimyasal reaksiyonlarda
katalizor olarak kullanilabilir. Piroliz doniigiimiinde MCM-41 katalizorlerinin kullanilmasinin cesitli
avantajlar1 vardir. ik olarak, MCM-41'in yiiksek yiizey alam ve diizenli gbzenek boyutu dagilimu,
katalitik reaksiyon igin genis bir aktif yiizey alani saglar. Ikincisi, MCM-41'in mezogozenekli yapisi,
reaktanlarin ve Uriinlerin katalizér yoluyla difiizyonuna izin vererek doniistiirme siirecinde yiiksek
verimlilik saglar. Metal destekli/desteksiz kiitlece %5 lik MCM-41 katalizorl varliginda 52 adet ve %25
lik MCM-41 katalizorii varliginda 67 adet farkli bilesik tespit edilmistir. Metal destekli/desteksiz
kiitlece %5°lik ve %25°1ik MCM-41 katalizorii varliginda hesaplanan iist 1s1l degerleri arasinda ¢ok ciddi
bir fark gozlenmemistir. Bu sebeple katalizor oraninin diisiik alinmas1 daha uygun olacaktir. Ratnasari
ve ark. (2020) piroliz yontemi kullandiklar ¢alismalarinda MCM41 katalizorii varliginda hesaplanan
iist 1s1l degerinin bu ¢aligmada elde edilen st 1s1l degerleri ile benzer sonuglar elde edildigi goriilmiistiir.
Ek olarak, piroliz doniisimiinde MCM-41 katalizorlerinin kullaniminin tiriin segiciligini iyilestirdigi ve
istenmeyen yan {riinlerin olusumunu azalttig1 gosterilmistir. Bu nedenle, MCM-41 katalizorlerinin
kullanimi, prosesin etkinligini ve seciciligini artirarak degerli {irlinlerin veriminin artmasina yol actigi
icin piroliz doniisiimii alaninda biiylik 6nem tasimaktadir. Yapilan denemeler sonunda biyokiitle
kaynag1 olarak crambe orientalis bitkisinin kullanilabilecegi MCM-41 grubu katalizorlerin bilesik ¢esidi
ve enerji degeri yliksek siv1 {iriin eldesinde etkili oldugu sonucuna varilmistir.
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Oz: Trafik kazalar1 hem can hem de mal kaybina sebebiyet veren ok énemli bir
felakettir. Trafik kazalarina neden olan unsurlar: siiriici kusuru, yolcu kusuru,
yaya kusuru, yol kusuru ve ara¢ kusuru olarak tanimlanmigtir. Bu ¢alismada
Tiirkiye genelinde 2008-2021 yillar1 arasinda meydana gelen &limli ve
yaralanmali trafik kaza sayilar1 ve buna sebep olan kusurlar ele aliarak
Genellestirilmis Dogrusal Modeller (GDM) yardimu ile analiz edilmistir. GDM
ozellikle hatanin dagilimm Normal dagilima uymadigi, sabit varyans olmadigi,
yanit degiskeninin kategorik ya da kesikli oldugu durumda dogrusal modeller
yerine kullanilan ve daha esnek olan bir yontemdir. Kaza sayisinda yillara gore
degisim olup olmadig1 ve en ¢cok hangi kusur sebebiyle kazalarin meydana geldigi
arastirllmistir. Kaza sayilar1 degiskeninde asirtyayilim s6z konusu oldugundan
agiriyayilim durumunu dikkate alan ve Poisson dagilimin kullanildigt GDM ile
¢oziimleme yapilmistir. Coziimleme sonucunda hem yil degisekenine ait hem de
kusur degiskenine ait parametre tahminleri elde edilmistir. Sonuglara gore 6liimlii
ve yaralanmal1 kazalara sebebiyet veren kusurlar iginde en ytiksek orani siiriicii
kusuru olusturmaktadir. Yillara goére dlimlii ve yaralanmali kaza sayilarinda
anlamli bir diisiis olmadig1 gézlemlenmistir.
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Abstract: Traffic accidents are a critical disaster that causes loss of life and
property. Factors causing traffic accidents are defined as driver fault, passenger
fault, pedestrian fault, road fault, and vehicle fault. In this study, we analyzed the
number of fatal and injury traffic accidents-occurred in Turkey between 2008-
2021 and the resulting defects by the support of Generalized Linear Models
(GDM). GDM is a more flexible method that is used instead of linear models,
especially in cases where the error distribution does not fit the Normal
distribution, there is no fixed variance, or the response variable is categorical or
discrete. We investigate whether there is a change in the number of accidents
according to the years and which faults occur the most. Since there is
overdispersion in the accident number variable, we used the GDM for the analysis
which considers the overdispersion and uses the Poisson distribution. As a result,
we estimated the parameters for both variables, i.c., the year and defect. Driver
fault has the highest rate among the faults causing fatal and injury accidents. We
found that there was no significant decrease in the number of fatal and injury
accidents over the years.
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1. Giris

Tiirkiye’de ulasimin %90’dan fazlas1 karayollar1 ile yapilmakta ve buna bagl olarak da trafik
kazalar ciddi bir tehdit olarak siiregelmektedir. Trafik kazalar1 can ve mal kaybina yol ac¢tig1 gibi aym
zamanda toplum iizerinde de ciddi sosyolojik ve psikolojik yikimlara sebep olmaktadir. TUIK Trafik
Kazalar1 2021 raporunda yer alan bilgilere gore 2021 yilinda toplam 1186353 adet trafik kazas1 meydana
gelmis; bu kazalari 998390 adedi maddi hasarli, 187963 adedi ise 6liimlii yaralanmali sonuglanmustir.
Trafik giivenligine iliskin Onlemlerin alinabilmesi hem ara¢ hem yaya trafiginin diizenlenmesi ve
denetlenmesi amaciyla trafik istatistiklerin diizenli bir sekilde toplanmasi ve bu rakamlardan
yararlanilmast ve bununla ilgili kurallarin koyulmasi ¢ok onemlidir. Trafik kazalarinin ciddi bir
toplumsal sorun olmasi ve sorunun sebeplerinin ortaya ¢ikarilmasi, kaza sayilarinin azaltilmasiyla ilgili
Tiirkiye’de ve diinyada ¢ok sayida arastirma yapilmaktadir (Kockelman & Kweon, 2002; Yamamoto &
Shankar, 2004; Chang & Wang, 2006; Milton ve ark., 2008; Singh 2017). Bu arastirmalardan elde edilen
her tiirlii bulgulara gore kurallarin hangi unsur ya da unsurlara bagli olarak diizenlenmesi, gelistirilmesi,
toplumun bilinglendirilmesi, dikkatin hangi alana ¢ekilmesine karar verilmesi agisindan ¢ok dnemlidir.

Temel & Ozcebe (2006) Tiirkiye’de trafik kazalarmin epidemiyolojisi ve nedenlerini
tartismistir. Akgiingdr & Dogan (2010) regresyon analizi, yapay sinir aglar1 (YSA) ve genetik algoritma
yontemlerini kullanarak Izmir ili i¢in trafik kaza tahmin modelleri gelistirmislerdir. Bayata & Hattatoglu
(2010) 1974-2007 yillar1 arasindaki ceza alan istatistiksel bir modelleme yapmis, sonugta ceza alan
siiriiclilerin sayisinin artmasi, kaza sayilarinda bir azalma gostermedigi sonucuna ulagmislardir. Delice
(2012) Tirkiye’de polis tarafindan yapilan trafik denetimleri sayilari ile trafik kazalari sayilan
arasindaki iligkiyi incelemistir. Cinicioglu ve ark. (2013) trafik kazalarinin olusumunda rol oynayan
faktorlerin tespiti ve bu faktorlerin birbirleriyle olan etkilesimlerinin Bayes Aglar1 araciligiyla analiz
etmislerdir. Sungur ve ark. (2014) trafik kazalarinda insan faktoriiniin yani siiriicii, yolcu ve yaya’nin %
99.12 sorumlu oldugunu ifade etmiglerdir. Cografi Bilgi sistemleri kullanilarak da trafik kazalarinin
incelendigi calismalar da mevcuttur (Yilmaz ve ark., 2009; Siyavus, 2022). Unlii & Aktas (2015)
Cokterimli Dagilim varsayimi altinda trafik kazalarinin giinlere ve aylara gore dagilimlarinin rastgele
olup olmadigi esit olasiliklar alarak test etmislerdir. Hipotez testi sonucunda yillara ve haftanin giinlerine
gore dagilimlarin esit olasilikli oldugu iddiasi reddedilmistir. Soylemez ve ark. (2016) yaptiklar
calismada Ankara ilinde 2010 yilinda meydana gelen trafik kazalar i¢in birliktelik kurali analizi
kullanarak kural ¢ikarimi ¢alismasi yapmislardir. Bu kurallar sayesinde yol durumu, hava durumu vb.
durumlarda hangi olasiliklarla kazalarda kaza sonucu kimsenin 6liimii veya yarali olmama durumu
tahmin etmislerdir. Trafik kazalar ile ilgili mekansal analizlerde yapilmaktadir (Black, 1991; Ozlii ve
ark., 2021). Bu gibi analizlerde kaza sayilarinin analizinin yani sira kazanin oldugu konum bilgisi de
modellerde yer almaktadir.

Emniyet Genel Miidiirliigii tarafindan Temmuz 2023°de yayinlanan Trafik Istatistik Biilteninde
yer alan, Karayolu Trafik Kaza Istatistiklerinde, trafik kazalarina sebep olan kusurlar su sekilde
tanimlanmustir: Siirticii kusuru, Yaya kusuru, Yolcu kusuru, Arag ve Yol kusurudur. Kazalarda en biiytik
pay1 siiriicii kaynakli kusurlar almaktadir (EGM Trafik Istatistik Biilteni, 2023).

Bu calismada yillara gore trafik kazalarina sebep olan kusurlar incelenmis ve yillara gore bir
degisiklik olup olmadig1 Genellestirilmis Dogrusal Modeller (GDM) ile analiz edilmistir. Amag trafik
kazalarinda yillara gdre nasil bir trend oldugunu gérmek hem de kusurlar analiz etmektir.

2. Yontem

Bu calismada Tiirkiye genelinde 2008-2021 yillar1 arasinda meydana gelen oOlimli ve
yaralanmal1 olarak sonuc¢lanan trafik kazalarma sebep olan kusurlarin (siiriicii kusuru, yolcu kusuru,
yaya kusuru, yol kusuru ve ara¢ kusuru) hangilerinin kazaya sebebiyet vermede daha 6nemli oldugu ve
ayn1 zamanda bu sebeplerde yillara gore bir degisiklik olup olmadigi GDM ile incelenmistir.

Dogrusal modellerde, parametre tahmini, hipotez testleri ve giiven araliklarinin tahmini gibi
cikarsamali istatistige dayali islemlerde yanit degiskeni {izerinde normallik varsayimi ¢ok 6nemlidir. Bu
gibi baz1 temel varsayimlarin saglanmadigi durumlarda GDM kullanilmaktadir. GDM ise dogrusal
regresyon modelinin genel ve daha esnek bir yapisidir. Eger aciklayici degiskenler ile yanit degiskeni
arasindaki iliski dogrusal degilse; hata varyansi sabit degilse ya da yanit degiskeni kategorik ya da
kesikli ise klasik dogrusal regresyon modeli uygun olmayacaktir (McCullagh & Nelder, 1989). Bu
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durumda GDM kullanilir ve daha iyi sonuglar verir. Bu tiir modellerde bagimli degiskenin ya da yanit
degiskenine ait hatalarin iistel aileden geldigi varsayilir. Ustel dagilim ailesi Normal, Binom, Poisson
ve Gamma gibi dagilimlardan olusur. GDM, sistematik bilesen, rastgele bilesen ve bag fonksiyonu
olmak iizere ii¢ bilesenden olusur. Y bagimli degisken p; ortalamaya sahip ve iistel aileden gelen yanit
degiskeni olsun.

X1, X5, ..., X} ‘dan olusan agiklayici degiskenler i¢in dogrusal tahmin edici 7 olmak tlizere

n= ,30 +ﬁ1Xi1 +ﬁ2Xi2 + '“+ﬁkXik (1)

olarak tanimlanir.
Link fonksiyonu i.g6zlemin ortalamast ile dogrusal bilesen arasinda bir iligkiyi tanimlar ve g(.)
ile gosterilir.

n,=g(E)) = g(w) = XB. @)

Buradan
w=Ex)=g"(n)=9"(xp) G)

elde edilir.

GDM vyaklasiminda eger, X ’ler ve Y arasindaki iligki dogrusal degilse, bu durum link
fonksiyonu yardimiyla dogrusal tahmin ediciye bagl olarak kitle ortalamasi tahmin edilir (Madsen &
Thyregod, 2011).

GDM’nin varsayimlari sunlardir:

e Veriler bagimsiz ve rastgele olmalidir. Herbir rastlanti degiskeni aymi olasilik
dagilimina sahip olmalidir.

e Yanit degiskeni Normal dagilimdan gelmek zorunda degildir ancak Binom, Poisson,
Cokterimli gibi tistel aileden gelmelidir.

e  Yanit degiskeni bagimli degiskenler ile dogrusal bir iliskiye sahip olmak zorunda
degildir ancak link fonksiyonu ile dogrusal olarak bagimli olmalidir.

e Hatalar bagimsiz olmalidir.

GDM’de parametre tahminleri Olagan Enkii¢iik Kareler (OLS) ile degil Engok Olabilirlik (ML)
yontemi ile yapilir. Dagilimlara gore hangi link fonksiyonunun uygun oldugu Cizelge 1’de
gosterilmistir.

Cizelge 1. Dagilimlara gore link fonksiyonlar

Olasilik Dagilimi Link fonksiyonu
Normal dagilim Birim fonksiyon
Binom dagilimi Lojit fonksiyon
Poisson dagilimi Log-link, log-linear

Bu caligmada yanit degiskeni kaza sayilart oldugu icin Poisson dagilimima uygun olark log-
linear link fonksiyonu kullanilmistir. Poisson dagilimina gore asir1 yayilim(overdispersion) oldugundan
asirtyayilim varsaymmi altinda Poisson dagilimina gére olan GDM kullanilmistir. Poisson dagilimi
varsayimina gore ¢oziilen GDM’de temel bir sorun asiriyayilim durumudur. Yani Poisson dagiliminda
beklenen deger ile varyansin esit olmamasi durumudur. Bu durumun varligi n: denek sayisi ; k:
degisken sayisi olmak iizere asiriyayilim indeksi ile hesaplanir (¢).

Bu indeks,

(Y;—py)?
_ i A (4)

¢ n—k
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formiilii ile hesaplanir. Eger ¢p >1 ise asirtyayilim vardir (Cameron & Trivedi,1998). GDM model
varsayimi altinda Odds orani, bir kategorinin bir referens grubuna goére yanit degiskeni iizerinde
yaratacag1l degisikligi gostermektedir (Myers ve ark., 2010). Eger log link fonksiyonu ile Poisson
dagilimi varsaymm altinda GDM ¢o6ziimlemesi yapiliyorsa; aciklayict degiskenlerden birisine ait i.
kategorinin referans kategorisine gore yanit degiskeni tizerinde Exp(f) kadar bir degisiklik yaratacagi
anlamina gelmektedir (Aktas Altunay ve ark., 2021).

3. Bulgular

- Veriler TUIK Iistatistik Veri Portal’indan alinmustir (https://data.tuik.gov.tr/). Ayn1 zamanda
TUIK tarafindan yayinlanan Karayolu Trafik Kaza Istatistikleri 2021°den de yararlanilmigtir. Veriler
herkesin kullanimina agik bir kaynaktan elde edildigi i¢in bu ¢alisma i¢in etik kurul onayma gerek
yoktur.

Trafik kazalar istatistiklerinde kazaya sebep olan kusur tiirleri Sekil 1°de verilmistir.

Stirtici Yolcu Yaya Yol Arag
kusuru kusuru kusuru kusuru kusuru

Sekil 1. Trafik kazalarina sebebiyet veren kusur cesitleri.

Sekil 2’de siirticii kusurunun yillara gore toplam kaza sayilarindaki orani verilmistir. Siiriicii
kaynakli kazalarin toplam kaza sayisindaki paymnda 2008’den 2021°e sadece %3.47’lik bir azalma
oldugu goriilmektedir.

91 90,53
90,2

89,87
89,72 =
90 89,6 g3 5959 89.46

89 88,86 88,69 88.62
88,34
88,02
88

87,06
87

86
85

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
YIL

Sekil 2. Yillara gore siirticii kusurunun toplam kaza sayisina orant.

Cizelge 2°de TUIK Istatistik Veri Portal1 Ulastirma ve Haberlesme Istatistiklerinde 2002-2021
yillar1 arasinda meydana gelen kazalarin kusurlara gére dagilimi yer almaktadir. Ancak 2008 yilindan
itibaren sadece Oliim ve yaralanmali kaza sayilar1 verildiginden 2008-2021 yillarina ait veriler
kullanilmistir. Cizelge 3’te ise kusurlarin toplam kaza sayisindaki orani verilmistir.
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Cizelge 2. 2008-2021 Yillar1 arasinda meydana gelen trafik kazalarinin kusurlara gore dagilim

Yil Toplam Siirticti kusuru ~ Yolcu kusuru  Yaya kusuru Yol kusuru  Arag¢ kusuru
2008 167 231 151386 713 13995 698 439
2009 155982 139 758 640 14 181 958 445
2010 157 970 141 728 564 14 171 992 515
2011 174 605 157 494 677 14 860 1044 530
2012 181 266 161 076 797 17 672 1124 597
2013 183 030 162 327 774 16 458 1913 1558
2014 193 215 171 236 901 18 115 1841 1122
2015 21 0498 187 980 915 18 522 1916 1165
2016 213 149 190 954 869 18612 1717 997
2017 213 325 191 717 782 18 095 1619 1112
2018 217 898 194 928 1916 18 394 1300 1360
2019 204 538 180 042 2572 16 726 1045 4153
2020 177 867 157 128 2577 12 520 897 4745
2021 224 418 195 382 3941 18 398 936 5761

Cizelge 3. Kusurlarin toplam kaza sayisindaki orani

Siirticii Yolcu Yaya Yol Arag
kusurunun kusurunun kusurunun kusurunun kusurunun

YIL  Toplam toplam toplam toplam toplam toplam

Kaza kusura orant  kusura oran1  kusura oranm1  kusura oran1  kusura orani

Sayisi % % % % %
2008 167231 90.53 0.43 8.37 0.42 0.26
2009 155982 89.60 0.41 9.09 0.61 0.29
2010 157970 89.72 0.39 9.86 0.69 0.36
2011 174 605 90.20 0.39 8.51 0.60 0.30
2012 181266 88.86 0.44 9.75 0.62 0.33
2013 183030 88.69 0.42 8.99 1.05 0.85
2014 193 215 88.62 0.47 9.38 0.95 0.58
2015 210498 89.30 0.43 8.80 0.91 0.55
2016 213 149 89.59 0.41 8.73 0.81 0.47
2017 213325 89.87 0.37 8.48 0.70 0.52
2018 217 898 89.46 0.88 8.44 0.60 0.62
2019 204 538 88.02 1.26 8.18 0.51 2.03
2020 177 867 88.34 1.45 7.04 0.50 2.67
2021 224418 87.06 1.76 8.20 0.42 2.57

Veriler, R Programi, Jamovi ve SPSS programlarinda GDM ile ¢oziilmiis ve Asirtyayilim
indeksi ¢ =683.879 olarak hesaplanmistir (Gallucci, 2019). Bu indeksin ‘1’den oldukea biiyiik olmasi
bagimli degiskende yani kaza sayilart degiskeninde asirtyayilim oldugunu gostermektedir. Asiriyayilim
bir sorun oldugu i¢in bu sorunu gideren yontemler kullanilmalidir. Bu nedenle asiriyayilim varsayimi
altinda Poisson GDM kullanilmigtir. Modelde kaza sayist yanit degiskeni, kusur tiirleri ve yil
degiskenleri de agiklayict degisken olarak alimmistir. Cizelge 4’de verilen Olabilirlik Oran degerlerine
gbore hem “Kusur” hem de “Y1l” degiskenlerinin istatistiksel olarak anlamli oldugu goriilmektedir
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(P<0.001). Olabilirlik oran sonuglarinda “Y1l” degiskeni hem esdegisken(covariate), hem de faktor
almarak ¢oziimleme yapilmistir. Bu etkilerin anlamli olmalar1 kusurlara gore bir farklilik ve yillara gore
bir trend oldugu anlamina gelir.

Cizelge 4. Olabilirlik oran test sonuglari

Degisken Ki-Kare sd P Degisken Ki-Kare sd P
Kusur 9261.8 4 <0.001 Kusur 10443.8 4 <0.001
YIL (esdegisken) 32.8 1 <0.001 Y1l (faktor) 59.8 13 <0.001

Poisson dagilimi1 varsayimi ile elde edilen GDM modeline ait parametre tahminleri ve %95
giiven araliklar1 Cizelge 5’te verilmistir. Burada elde edilen modelde 2008 ile 2021 yillar1 arasindaki
“Y1l “degiskeni esdegisken alinmistir. Siiriicli, yolcu, yaya, yol ve ara¢ kusurlarina ait parametre
tahminlerinin anlamli oldugu gorilmektedir (P<0.001).

Cizelge 5. Parametre tahminleri ve %95 giiven araliklar1 (y1l degigkeni esdegisken)

%95 GA %95 GA

Parametre B St.Hata Alt Sinir Ust Smir Wald Ki-kare  sd P
Sabit -38.362  0.3064 -38.963 -37.761 15670.568 1 <0.001
Siirticii kusuru ~ 4.578  0.0064 4.565 4.590 508125.483 1 <0.001
Yolcu kusuru  -0.273  0.0097 -0.292 -0.254 791.390 1 <0.001
Yaya kusuru  2.243  0.0067 2.229 2.256 111381.162 1 <0.001
Yol kusuru  -0.308  0.0098 -0.328 -0.289 986.005 1 <0.001

Arag kusuru 02 . . . . . .
YIL 0.023  0.0002 0.022 0.023 22378.847 1 <0.001

“Y11” degiskeni de anlamli elde edilmistir ancak bu deger sifira ¢ok yakin oldugundan yillara
gore bir trend olup olmadigina net karar verilemez. Bu bilgi yil degiskeninin hangi yila gore oldugu
bilgisini vermediginden daha detayl1 bilgi elde etmek icin “Y1l” degiskeninin faktor olarak alindig
modele ait parametre sonuglar1 da Cizelge 6’da verilmistir.

Cizelge 6°daki parametre tahminlerine bakildiginda tiim Kkatsayilarin anlamli oldugu
goriilmektedir (P<0.001). Bu model bir ANOV A modeli gibi diisiiniiliirse yanit degiskeni {izerinde etkili
olan degiskenlerden hangilerinin farki yarattigini ortaya ¢ikarmak icin post-hoc testi yapilir.

“Kusur” ve “Y11” degiskenlerine ait post-hoc sonuglart Cizelge 7-8’de verilmistir. Post-hoc testlerinde
karsilagtirmalara ait P degerlerinde Holm diizeltmesi kullanilmustir.

Cizelge 7°de yer alan ikili karsilastirmalar hem iki kusur arasinda fark olup olmadigim
gostermekte hem de aralarinda fark olan karsilastirmalar i¢in odds oranini vermektedir. Ornegin siiriicii
kusuru ile ara¢ kusuru arasinda fark vardir. Bu farka ait odds oran1 97.2748 elde edilmistir. Bu deger;
bir kazanin ara¢ kusuruna gore siiriicii kusuru ile meydana gelmesi, kaza sayisim 97.2748 kat
arttirmaktadir. Odds oraninin anlamli olarak yorumlanabilmesi i¢in 1’den biiyiilk olmasi gereklidir.
Ornegin yol kusuru ile ara¢ kusuru arasinda fark olmadig1 goriilmektedir ve ayn1 zamanda bu iki farka
ait odds orami 0.7347°dir. Bu deger 1°den kiiciik oldugu i¢in iki kusur arasinda bir ustiinliik yer
almamaktadir. Cizelge 8’de aralarinda istatistiksel olarak anlamli fark olan yillar verilmistir. Bunun
disinda kalan tiim karsilastirmalarda fark ¢ikmamistir.
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Cizelge 6. Parametre tahminleri ve %95 giiven araliklar1 (y1l degiskeni faktor)

Parametre %95 GA Alt %95 GA Ust Wald
p StHata Siir Sinir Ki-kare sd P
(Intercept) 7.628 0.0067 7.615 7.641 1295973.495 1 <0.001
Siriicii kusuru ~ 4.578 0.0064 4.565 4.590 508125.370 1 <0.001
Yolcu kusuru ~ -0.273  0.0097 -0.292 -0.254 791.388 1 <0.001
Yaya kusuru 2.243 0.0067 2.229 2.256 111381.162 1 <0.001
Yol kusur -0.308  0.0098 -0.328 -0.289 986.003 | <0.001
Arag kusuru 02 . . . . . .
[YIL=2008] -0.294 0.0032 -0.300 -0.288 8290.272 1 <0.001
[YIL=2009] -0.364  0.0033 -0.370 -0.357 12177.128 1 <0.001
[YIL=2010] -0.351  0.0033 -0.358 -0.345 11428.854 1 <0.001
[YIL=2011] -0.251 0.0032 -0.257 -0.245 6185.985 1 <0.001
[YIL=2012] -0.214 0.0032 -0.220 -0.207 4572.611 1 <0.001
[YIL=2013] -0.204  0.0031 -0.210 -0.198 4189.606 1 <0.001
[YIL=2014] -0.150 0.0031 -0.156 -0.144 2326.949 1 <0.001
[YIL=2015] -0.064 0.0030 -0.070 -0.058 445.374 1 <0.001
[YIL=2016] -0.052  0.0030 -0.057 -0.046 290.155 1 <0.001
[YIL=2017] -0.051 0.0030 -0.057 -0.045 281.051 1 <0.001
[YIL=2018] -0.029 0.0030 -0.035 -0.024 96.102 1 <0.001
[YIL=2019] -0.093  0.0031 -0.099 -0.087 920.680 1 <0.001
[YIL=2020] -0.232  0.0032 -0.239 -0.226 5362.523 1 <0.001
[YIL=2021] 0?
Cizelge 7. Kusur degiskeni i¢in Post-Hoc karsilagtirmalar
Kusur Exp(B) St.Hata Z P
Stiriicti kusuru  arag¢ kusuru 97.2748 16.3357 27.258 <.001
Siiriicti kusuru  yaya kusuru 10.3292 0.5890 40.951 <.001
Siiriicti kusuru ~ yol kusuru 132.3964 25.9038 24.972 <.001
Siiriicti kusuru  yolcu kusuru 127.8644 24.5885 25.226 <.001
Yaya kusuru ara¢ kusuru 9.4175 1.6549 12.762 <.001
Yaya kusuru yol kusuru 12.8177 2.5940 12.604 <.001
Yol kusuru ara¢ kusuru 0.7347 0.1886 -1.201 0.690
Yolcu kusuru ara¢ kusuru 0.7608 0.1934 -1.076 0.690
Yolcu kusuru  yaya kusuru 0.0808 0.0161 -12.634 <.001
Yolcu kusuru yol kusuru 1.0354 0.2830 0.127 0.899
Cizelge 8. Y1l degiskeni i¢in Post-Hoc karsilagtirmalar
YIL Exp(B) St.Hata Z P
2008 2018 0.767 0.0614 -3.3056 0.076™
2009 2015 0.741 0.0610 -3.6431 0.022°
2009 2016 0.732 0.0600 -3.8053 0.012°
2009 2017 0.731 0.0600 -3.8160 0.012"
2009 2018 0.716 0.0585 -4.0927 0.004"
2009 2019 0.763 0.0631 -3.2737 0.084™
2009 2021 0.695 0.0564 -4.4809 <.001
2010 2015 0.750 0.0615 -3.5018 0.037"
2010 2016 0.741 0.0606 -3.6643 0.021°
2010 2017 0.741 0.0605 -3.6750 0.020"
2010 2018 0.725 0.0590 -3.9522 0.007"
2010 2021 0.704 0.0569 -4.3410 0.001"

#%: P<(.10’da anlamli ; *:P<0.05’de anlaml1
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2020’de kazalarda bir azalig s6zkonusu iken 2021°de tekrar bir artig gézlenmektedir (Sekil 3).
Ardigik gelen yillarin higbirisinde istatistiksel olarak anlamli bir farklilik goriilmezken en az 5 yil
sonraki zaman diliminde kaza sayilarinda bir degisim oldugu goriilmektedir. Bu degisim siirekli diisiis
seklinde ger¢eklesmemis zaman zamanda artiglar gdzlenmistir. Artiglarin nedeni trafige her yil kayit
olan arag sayisinin artmasi ve niifus artisi ile orantilidir. Kusurlarda ise birinci sirada agik ara ile siirlicii
kusuru gelmektedir. Ikinci sirada ise yaya kusuru gelmektedir (Sekil 4).
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Sekil 3. Yillara gore toplam kaza sayisi.
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Sekil 4. Kusura gore kazalarin dagilima.
4. Tartisma ve Sonug¢

Trafik kazalar1 can ve mal kaybina neden olmasinin yaninda ekonomik, sosyolojik ve psikolojik
acidan da ciddi sorunlara yol agmaktadir. Yapilan calismalar kazalara sebebiyet veren bir numarali

faktorlin siirticti kaynakli kusurlar oldugunu gostermektedir. Bu calismada, Tiirkiye’de 2008-2021
yillar1 arasinda meydana gelen dliimlii ve yaralanmali trafik kazalarinin incelenmesi amaglanmigtir.
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GDM ile kaza sayis1 yanit degiskeni; y1l ve kusur tiirleri de aciklayici degiskenler alinip bir modelleme
yapilmistir. GDM sonucunda hem “Kusur” hem de “Yil” degiskeni istatistiksel olarak anlamli
bulunmustur. Kusurlara bakildiginda 2008 ile 2021 yillar1 arasinda en biiyiik pay1r %88 - %90 ile
(Cizelge 3) siiriicii kaynakli kusurlarin olusturdugu goriilmektedir. Bu goézlenen durum, model
sonucunda post-hoc testinde de ortaya ¢ikmus, siiriici kaynakli kusurlar digerlerinden farkli
bulunmustur. Siiriici hatalarina bagli kazalar; asir1 hiz, hatali sollama, takip mesafesine uymama,
uykusuz ve yorgun ara¢ kullanma, alkollii olarak ara¢ kullanma, kirmiz1 151k ihlali, emniyet kemerinin
takilmamasi ve diger hayati trafik kurallarina uyulmamasi gibi nedenlerden kaynaklanmaktadir. Tablo
6’daki sonuglara balikdiginda siiriicii kusurunun diger kusurlara gore ciddi oranda kazay arttirdigi odds
oranlarindan da goriilmektedir. 1 Temmuz 2017 tarihinde uygulamaya gecen Elektronik Denetim
Sistemleri ile de kazalarda bir azalis oldugu ifade edilsede yine de kaza sayilarinda 6nemli bir diisiis
olmadig1 gozlenmektedir. Emniyet genel miidiirligii tarafindan yaymlanan Temmuz 2022 ayina ait
trafik istatistik biilteninde trafik kazalarina neden olan unsurlar 2022°de yine Siiriicli kusuru=107524;
Yaya kusuru=12051; Arag¢ kusuru=2931; Yol kusuru=486 ve Yolcu kusuru=1760 olarak verilmistir.

Kazalarda en biiylik payin siiriicii kaynakli kusurlardan kaynaklandig1 gercegi ile toplumda
trafik ile ilgili farkindaligin arttirilmasi, toplumun trafik konusunda egitilmesi, bu bilincin ¢ok kiigiik
yaglardan itibaren verilmesi 6nem kazanmaktadir. Ayrica gelisen mithendislik teknolojileri ile yol ve
ara¢ giivenligini arttiran ve hatta otonom araglarin devreye girmesi ile insan faktoriiniin azaltilmasi
kazalarin azalmasinda bir 6nlem olacaktir. Calismanin kisitlar1 olarak; daha uzun yillar veri
toplanabilmesi, incelenen zaman aralifinda hem niifus artig1 hem de her yil trafige yeni kayit olan arag
sayisinin modele katilmamasi olarak sdylenebilir.
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Oz: Bu galismada, otonom olmayan ve lineer olmayan kesirli nétr sistemlerin
asimptotik kararliligi tizerine sonuglar elde edilmistir. Elde edilen kararlilik
sonuglart gecikmeden bagimsizdir ve gecikmeler ayni zamanda hem zaman-
degisken olup hem de sinirli degildir. Ayrica bu g¢aligmadaki sonuglar birer
konveks optimizasyon problemi olarak ifade edilmistir ve sonuglarn
uygulanabilirligi ve etkinligini arastirmak igin bir 6rnek kullanilmistir.

1. Introduction

Fractional calculus which has a past of over 300 years, is said to have begun with a question
asked by L'hospital to Leibniz in 1695 (Podlubny, 1999). Fractional calculus, which has been the subject
of many scientific studies until today, continues to exist as a popular field of study in recent years,
especially since it has found a concrete response in fields such as biology, physics, the various fields of
engineering (Hale, 1977; Kilbas et al., 2006). In general, Caputo fractional derivative has been used in
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studies on fractional differential equations, few of these studies are fractional derivatives of Riemann
Liouville (see references and their references). Lyapunov's second approach, which is employed by
researchers, is one of the most effective ways for analyzing the behavior of fractional differential
equation solutions (Duarte-Mermoud et al., 2015; Liu et al., 2016a and 2016b; Liu et al., 2017; Korkmaz
& Ozdemir, 2019; Altun & Tung, 2020). Heymans & Podlunny (2006) demonstrated that Riemann-
Liouville fractional derivatives with initial conditions can have physical meaning in a variety of
viscoelasticity situations. Yang et al. (2017) worked on the Lyapunov stability analysis of nonlinear
fractional systems with impulses. Deng et al. (2007) established a characteristic equation for multiple
delayed fractional-order systems using the Laplace transform. Chen et al. (2016) discovered two novel
delay-dependent sufficient conditions that ensure the stability of some fractional-order neural networks
on a bounded-time interval by using the inequality approach. Chen et al. (2014) discovered a novel
sufficient condition for guaranteeing local asymptotic stability of a variety of nonlinear fractional
systems with fractional-order a: 1 < a < 2 by utilizing the Laplace transform, the generalized
Gronwall inequality, and the Mittag-Leffler function. Li et al. (2015) obtained certain sufficient stability
criteria by employing the relationship between the characteristic equations of integer order systems and
fractional order systems. Qian et al. (2010) developed stability conditions for fractional-order systems
with the Riemann-Liouville derivative, which includes linear systems, time-delayed systems, and
perturbed systems.

What motivates us in this paper is that while most of the research done on Caputo fractional
derivative has been used, the Riemann-Liouville fractional derivative has not been studied sufficiently,
and on the other hand, delayed neutral nonlinear differential equation systems are still an open problem.
The Caputo derivative is more useful to real-world issues since its initial conditions are physically well-
understood. The major benefit of the Riemann-Liouville derivative, on the other hand, is the features of
composition of the Riemann-Liouville derivative and the Riemann-Liouville integral. In fact, the
Riemann-Liouville derivative is a continuous operator of order a.

2. Material and Methods

This section introduces several essential definitions of fractional calculus, as well as certain
sufficient lemmas.

Notation. R™ indicates n -dimensional Euclidean space. R™ ™ represents the set of all n X n real
matrices. ||x|| denotes the Euclidean norm of a real vector x. ||A]| denotes the spectral norm of matrix

A. A > 0 (or A < 0) indicates that the symmetric matrix 4 is positive definite (or negative definite).

Definition 1. The fractional-order integral and derivative of Riemann-Liouville are denoted by

toDr “x(t) = rla)J;:(t —5)*1x(s)ds, (a>0) €))
1 dr t x(s)
tODgx(t):F(n——oc)Wftomds' n—1<a<n), 2)
respectively (Podlubny, 1999).
Lemma 1. Let a > 3 > 0, then
wDE ((eDF%x(0)) =, DEx(2) 3)

holds for “sufficiently good” functions x(t). This relationship holds especially if x(t) is integrable
(Kilbas et al., 20006).

Lemma 2. If x(t) € R™ is a real vector of a differentiable function, then
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%tOD;"(xT(t)Px(t)) < x"(OP, DEx(t), Va € (0,1),Vt > t,, 4)

inequality holds, where P € R™™ is a square, symmetric, positive semi-definite, and constant matrix
(Liu et al., 2017).

3. Results

In this section, we obtain some stability criteria of nonlinear neutral fractional-order systems
with time-dependent lags. For this, we employed the linear matrix inequality.
Consider the nonlinear neutral fractional-order system shown below:

DEx(6) = Ax(t) + Byfy (6, x(0)) + Bofy (6,x(t = 72(8))) + Cey DEX(t — 75(1)), (5)

where x = [x1,x5,-*,x,]T € R™ is a real vector, 0 < a <1 is a real number, for all t > t,,
T,(t), 1,(t) > 0 are time-varying delays, A,B;,B,,C € R™™ are known constant matrices.
fj(t, x(t)) (j = 1,2) are vector-valued time-varying nonlinear functions with f;(t,0) = 0 and satisfies
the following Lipschitz condition for all (¢, x), (t,X) € R X R"

Ifit.©) = f;&D| < qj||Mjx—2)|, j=12 (6)

where a; are positive scalars, and M; are constant matrices of the proper dimension. Consequently, due
to f;(¢,0) = 0, we have

Ifit. Ol < ajf|Mx]], j=12. 7)

Thus, by satisfying the condition (7) of equation (5), we guarantee the uniqueness of the zero
solution of (5).

Theorem 1. If ||C|| < 1, for all t > ty, T;(t) < d; < 1, (i = 1,2) and there exist P, R and S symmetric
positive matrices that satisfy

”11 ”12 n13 H14-
”{2 n22 H23 n24
My M5 Iy Il
My Iy I35 I

LMI condition, then the zero solution of nonlinear fractional-order neutral system (5) is asymptotically
stable, where

My, = ATP + PA+ AT(R + mS)A + a?MT M, + a5MIM,,
My, = PB; + AT(R + mS)B;,

;3 = PB, + AT(R + mS)B,,

M, = PC + AT(R + mS)C,

M,, = BT(R+mS)B; — 1,

M3 = B{ (R +mS)B,,

M,, = BT (R + mS)C,

M35 = B3 (R +mS)B, — (1 —dy)I,

M5, = BI(R + mS)C,

My, =CT(R+mS)C —(1—d,)R,
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I unit matrix and m is a positive constant.

Proof. Consider the Lyapunov-Krasovskii functional, which is described as:

Vo= W OP©)+ [ (0r) R (D) ds

t et o
+a3 f xT(s)MIM,x(s)ds + f f ( tOD;"x(s)) S ( tOD;"x(s)) dsde.
t—t4(t) t-m -0

Because the matrices P, R and S are all positive definite, the functional V(t) is also positive
definite. Therefore, from Lemma 1 and Lemma 2, the derivative of V(t) is derived by utilizing the
trajectories of system (5) as stated below:

V() = ton‘(xT(t)Px(t)) + a?xT ()M M x(t) — a?xT (t)MT M, x(t)

T T
+(1uDEx()) R ((euDEx(®)) = (1= 5(®)) (¢ DEx(t = 1(8))) R( ¢, DEx(t — T,(0)))
+a2xT(OMIMyx(t) — (1 — t(8))a3x" (¢t — t () )MIMyx(t — 1,(1))

T t T
+m ( ton‘x(t)) S ( ton‘x(t)) - f (tODs"‘x(s)) S ( toDs‘"x(s)) ds
t—-m

2xT(E)PDEx(t) + a?xT ()MT My x(t) + a3xT () MIM,x(t)

T
+( 1y DEx()) (R +mS) (¢, DEx()) = (1 = d)FF (&x(t = 7, (0)) Ifs (£ x(t = (1))

T

—F (62O (6, 2(0) — (1 = d3) (¢, DEx(t = 1,(8))) R ( ¢, DEx(t = T2(0)))

= 2xT(0)P [Ax(®) + Bofi (£, x(0)) + Bofy (& x(t = T:(8)) ) + Cey DEX(t — T2(0)))]
+aZxT (O)MFMx(t) + asxT (£)MI M,x(t)

+ [Ax(t) + B fi(t,x(1)) + B, f> (t,x(t - Tl(t))) + Ce Dix(t — ‘rz(t))]T
x (R +mS) [Ax(t) + B, f,(6,x(6)) + By f, (t,x(t - ‘rl(t))) + Cp, Dfx(t — Tz(t))]
—fT (& x@)IA(6x(©) = A = dDF (6x(t =1 @) ) 1 (6x(t -1 (©))
T

—(1 = dy) ((,DEx(t = 1:(®))) R (¢, DEx(t - T,(1)))

= xT(O)(ATP + PA+ aZM{ M, + aZMIM, + AT(R + mS)A)x(t) + 2xT()PB, £, (¢, x(1))
+2xT()PB,f, (t, x(t—1 (t))) + 2xT()PC, DEx(t — T,(£)) + xT(D)AT (R + mS)By £ (¢, x(¢))
+xT(O)AT (R +mS)By f, (£, x(t = 14(1))) + xT(O)AT (R + mS)Ce, DEx(t — T,())
+(A(6x®)) BIR +mS)Ax®) + (f(6x®)) Bl (R +mS)B, f,(tx(1))
+(A(x®)) IR +mS)B,f, (6x(t - 7.(0)))
+(A(6x®)) BI R +mS)C, Dix(t - 1,(0))

+ (fz (6 (e - Tl(t))))T BI(R + mS)Ax(¢) + (fz (6x(e - rl(t)))>T BI(R + mS)Byf (£, x())

f (t,x(t -7 (t))) B} (R + mS)B, f, (t, x(t - Tl(t)))

(
(fz (t,x(t - 1,(0)
(
(

o DEx(t — 1, (t))) CT(R + mS)Ax(t) + ( o DEx(t — 1, (t)))T CT(R +mS)B.f(t, x(t))
D )

IA

+
).
) BI (R + mS)C, Dix(t — 1,(1))
WDEx(t — 1)) CT® +mS)B,f, (Lx(t - 1,(©)))
+(oDEx(t =) TR +mS)C (,DEx(t ~ T, ()
~AT (6 xO)AE*©®) = A = dDSF (62(t =1 ®)) 1f (62(t - 1))
T
—(1 = dy) ((¢,DEx(t = 1,(®))) R (¢, DEx(t = T,(1))).
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V() <n"Mn,

where

and

)

My, =ATP + PA+ AT(R + mS)A + a?MT M, + a5MIM,,
le = PB]_ + AT(R + mS)B]_,
;3 = PB, + AT(R + mS)B,,

M,, = PC + AT(R + mS)C,

M,, = BT (R + mS)B, — |,
M,3 = BT (R + mS)B,,

M,, = BT (R + mS)C,

M35 = B (R + mS)B, — (1 —dy)],

M3, = BY(R + mS)C,

n44 = CT(R + mS)C - (1 - dz)R,

n=(x" @A (6 x0) A7 (6=x"(t = 1 ®)), (o, DEx( — (t>))T)T-

It is clear that V(t) is negative definite, due to the axiom of the Theorem 1. Then the zero
solution of nonlinear fractional-order neutral system (5) is asymptotically stable, which completes the

proof.

Theorem 2. If ||C|| < 1, for all t > t,, Tj(t) < d; < 1, (i = 1,2) and there exist P, Q and R symmetric

positive matrices that satisfy

( Q4
QT
Q — 12

Q13
\a.

Q4
O,
033
034

‘013
‘QZ3
933
03,

914\
Q
> | <o, (10)

QS4-
‘044/

LMI condition, then the zero solution of nonlinear fractional-order neutral system (5) is asymptotically

stable, where
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O, =PA+ATP + aZMTM; + aZMIM, + Q + mATRA,
0y, = —ATPC,

Q3 = PB; + mATRB,,

Q44 = PB, + mATRB,,

Oy = -(1- dz)Q,

Q,3 = —CTPB;,

Q,, = —CTPB,,

Q33 = mBTRB; — 1,

Q3. = mBIRB,,

Q4 = mBIRB, — (1 —d;)I,

I unit matrix and m is a positive constant.

Proof. Consider the Lyapunov-Krasovskii functional, which is described as:

V()= Df! ((x(t) —Cx(t - rz(t)))T P (x(t) — Cx(t - Tz(t)))>

+a§f xT(s)MIM,x(s)ds +J- xT(s)Qx(s)ds
t—11(t) t

—T2(t)

+ f:m fet ( toD§' (x(s) —Cx(s - Tz(s))))T R ( to D (x(s) —Cx(s - Tz(s)))) dsdo.

Because the matrices P, Q and R are all positive definite, the functional V(t) is also positive
definite. Therefore, from Lemma 1 and Lemma 2, the derivative of V(t) is derived by utilizing the
trajectories of system (5) as stated below:

V()= Df ((x(t) — Cx(t - Tz(t)))T P (x(t) - cx(t - rz(t)))> + a2xT ()M Myx(t)
—aZxT (O)MI M x(t) + a3xT (£)MI M,x(t) — (1 — T’l(t))ang(t — Tl(t))MzTsz(t - Tl(t))
+xT()Qx() — (1 — t5(®)x"(t — t2(0)) Qx(t — 1, (1))
T
+1m (e, D (x(8) = Cx(t = 15(1))) R(e,DE (x(t) — Cx(t = 15()))

_ J-t (CODS‘" (x(s) - Cx(s - TZ(S))>)T R ( to DS (x(s) - Cx(s - TZ(S)))> ds

t—-m T
2 (x(t) — Cx(t — Tz(t))) P, D¢ (x(t) — Cx(t — Tz(t)))
+aZxT ()M Myx(t) + asx" ()M Myx(t) + xT (&) Qx(t)
+m ( toDs' (x(s) - Cx(s — TZ(S)))) R ( to D (x(t) - Cx(t - Tz(t))))
—A (L x®O)IA(Lx®) — A = a)ff (Lx(t - 1®)) 1f (£.x(¢ — . (©))
—(1 = d)x"(t — (1) Qx(t — T2 (1))
= 2 (x(t) — Cx(t - ‘rz(t))) P [Ax(t) + B, f,(t6,x(©) + By f, (t,x(t — Tl(t)))]
FalxT(OMIMyx(®) + m [Ax(0) + By £i(6.2(©) + Buofy (£.2(e -1 (®))] R
x [ax(t) + Bufy (6, 2(0)) + Baf, (£, x(t = 12(0)) )] + 2" (OMIM2(t) + a3x™ (£)Qx(£)
~A (6 xO)A(Ex@®) = (A = dDFF (6,x(t =1 (®)) 1fz (£,2(t — (D))
—(1 = dy)xT(t — 12 (1)) Qx(t — t2(1))
= xT(t)(PA+ATP + a?MTM, + a3MIM, + mATRA + Q)x(t)
—2xT(t = 1,(£))CTPAx(t) + 2xT (O)PB, f1(t, x(t)) — 2xT(t — T, () )CTPB, £, (£, x(t))
+2xT()PB,f, (t,x(t - rl(t))) —2x"(t = 1,())CTPB, f, (t,x(t -7 (t)))
+ma” ()ATRBy £, (£, x(8)) + maT (DATRB, f, (£, x(t - 1,()))

AN
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+mfi (¢, x(£))BTRAx(t) + mf{ (t,x(t))B RB, f, (¢, x(t))

+mf{ (t,x(t))BT RB,f, (t, x(t—1 (t))) +mf) (t,x(t -7 (t))) BIRAx(t)

+mfy (t, x(t— Tl(t))) BIRB; f(t,x(t)) + mfy (t,x(t -7 (t))) BIRB,f, (t,x(t -7 (t)))
~fT (6 xO)A(Ex®) = A = dDFF (6x(t =1 (®)) Ifz (6.2(t = 1))

—(1 = dy)xT(t = 1,(1))Qx(t — 1, (V).

So, we can estimate
V(t) <n'an, (11)

where

(911 Qo Qs Qy
0, Q2 Qa3 Oy
Q=1or o, q.. a., %
13 23 33 34
\QL 0L, 0%, Qu /

O, =PA+ATP + aZMTM; + aZMIM, + Q + mATRA,
0, = -ATPC,

Q3 = PB; + mATRB;,

Q44 = PB, + mATRB,,

Qyy = —(1-4d3)0Q,

Q,3 = —CTPB;,

Q,, = —CTPB,,

Q33 = mBTRB; — 1,

Q3. = mBIRB,,

Q44 = mBIRB, — (1 —d;)I,

T
1= (57O, (e =% O) A (LX) A (627 (-1 ®)))

It is clear that V(t) is negative definite, due to the axiom of the Theorem 2. Then the zero
solution of the nonlinear fractional-order neutral system (5) is asymptotically stable, which completes
proof.

Now, asymptotic stability conditions for nonlinear fractional-order neutral systems (5) are
presented as a convex optimization problem. The efficacy of the obtained results is demonstrated
through a practical example.

Corollary 1. If ||C|| < 1, forall t > ty, T;(t) < d; < 1, (i = 1,2) and there exist P, R and S symmetric
matrices and a? and a3 scalars such that the following convex optimization problem in the variables
P,R and S matrices and a? scalar:

: 2
min  —aj
s.t. P>0, R >0, §$>0, I1<0. (12)

is feasible, then the zero solution of nonlinear fractional-order neutral system (5) is asymptotically
stable, where II is a matrix defined by (8).

Corollary 2. If ||C|| < 1, forall t > ty, T;(t) < d; < 1, (i = 1,2) and there exist P, R and S symmetric
matrices and a? and a3 scalars such that the following convex optimization problem in the variables
P, Q and R matrices and af scalar:
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: 2
min —af
s.t. P>0, Q>0 R>0, Q<0 (13)

is feasible, then the zero solution of nonlinear fractional-order neutral system (5) is asymptotically
stable, where (1 is a matrix defined by (10).

Let £, (t, x(t—1 (t))) = x(t — t,(t)), then the nonlinear fractional-order neutral system (5)
can write as stated below:

1o DEx(0) = Ax(t) + B, f(t, x(©)) + Byx(t — (1)) + CoDfx(t — 2 (), (14)

where x = [xq,%,,*,x,]T € R™ is the real vector, 0 < a <1 is a real number, for all t > t,,
T1(t), T2(t) > 0 are time-varying delays, 4, B;, B,, C € R™™ are known constant matrices. f; (¢, x) is
a vector-valued time-varying nonlinear function with f; (t,0) = 0 and satisfies the following Lipschitz
condition for all (t,x) € R X R™

I/t 20N < aqlIMyx]l,
where a; is a positive scalar, M, is a constant matrix of the proper dimension.

Corollary 3. If ||C]|| < 1, for all t > ty, Tj(t) <d; <1, (i =1,2) and there exist P,Q,R and S
symmetric matrices and a? scalar such that the following convex optimization problem in the variables
P, Q, R and S matrices and af scalar:

min  —a?
s.t. P>0, Q >0, R >0, §>0,

le E12 E13 E14

g |Zh T T T (1)
2{3 253 z:33 z:34 '
\e. o ok 5)

is feasible, then the zero solution of the nonlinear fractional-order neutral system (14) is asymptotically
stable, where

311 =ATP+PA+AT(R + mS)A+ Q + a?MT M,
312 = PB; + AT(R + mS)B;,

%13 = PB, + AT(R + mS)B,,

%14 =PC+ AT(R + mS)C,

Yy, =BT (R+mS)B; — 1,

223 = B{ (R + mS)B,,

¥4 = BT (R + mS)C,

33 = B (R + mS)B, — (1 —d,)Q,

%34 = BI(R + mS)C,

Y40 =CT(R+mS)C — (1—d,)R,

[ unit matrix and m is a positive constant.

Corollary 4. If ||C|| < 1, for all t > ty, T;(t) < d; <1, (i =1,2) and there exist P,Q4,Q, and R
symmetric matrices and a? scalar such that the following convex optimization problem in the variables
P,Q4,Q, and R matrices and a? scalar:

min —a? (16)
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s.t. P>0, Q, >0, Q,>0, R>0,

(mlAu Az Ay
AIZ AZZ A23 A24
A=lar, AL, Ay g |50
13 23 33 34
\M4A& £4AM/

is feasible, then the zero solution of the nonlinear fractional-order neutral system (14) is asymptotically
stable, where

Ay =PA+ATP + aiMIM, + Q; + Q, + mATRA,
A, = —ATPC,

A3 = PB, + mATRB,,

Ay, = PB; + mATRB;,

Ay = —(1—dy)Qy,
A23 = _CTPBz,
A24 - _CTPB]_,

Azz = mBzTRBz - (1-d)0y,
A34 - mBgRBl,
Ayy = mBTRB, — 1,

I unit matrix and m is a positive constant.

Example 1. Consider the fractional neutral system given as:
(DEx() = Ax(t) + By fy(6,x(8)) + Bof, (£ x(t = 14(0))) + CooDEx(t — 5(0)), (17)

where a € (1,0), t,(t) = 0.5t + 0.3sin(t), 1,(t) = 0.3t + 0.1cos(t),

e 05tsin (xz (t—-tu (t)))
e %3tcos (x1 (t—-vu (t)))

A=[_1700 —15?0]’ Bl:[loo 100]’ 322[100 100]' C=[061 0(.)1]'

sin(xz (t))

h (t,x(t)) -4 <cos(x1(t))

), fa (t,x(t - ‘tl(t))) =0.5

For f; (t, x(t)), we have

a? (sin2 (x2(®) + cos?(x, (t)))

aZ(x2(t) + x3 (1))
aixT ()M M;x(t),

fi(tx@®)°

IhIA

where M; = I,. For f, (t, x(t—1 (t))), we have

0.25 (e—tsin2 (xz (t- rl(t))) + e 06t cos? (xl (t-1 (t))))
0.25(x2(t) + x2 (1))
0.25x7 (t — T,.(£) )M3 Myx(t — ©,(2)),

I (62 - m@))|

IIA

where M, = [,.
Let us choose d; = 0.8, d, = 0.4, m = 0.001. Hence, we have a solution for the convex
optimization problem (12) as a4, . = 1.7796, where
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0.0746 0 0.0011 0 0.0865 0
P=| 0 0.0746]’ R=| 0 0.0011]' s=| 0 0.0865]’
and
—1.0448 00557 —0.0919 01198 —0.0919 01198 —0.0009 0.0012
0.0557 —09334 01198 0.1476 0.1198 01476 00012  0.0015
—0.0919 01198 —08802 0 0.1198 0 0.0012 0
q_| 01198  0.1476 0  —08802 0 0.1198 0 0.0012
—0.0919 01198  0.1198 0  —00802 0 0.0012 0
01198  0.1476 0 0.1198 0 —00802 0 0.0012
\—0.0009 0.0012  0.0012 0 0.0012 0 —00007 0 /
0.0012  0.0015 0 0.0012 0 0.0012 0 —0.0007

On the other hand, when all conditions are equal, we have that a solution for convex optimization
problem (13) as a,,, .. = 1.7802, where

00763 0 0.0940 0 0.0825 0
P=| 0 0.0763]’ R=| 0 0.0940]' o= 0 0.0825]'

and
—6.7873 14124 05338 —00763 06968 00094 0.6968  0.0094
14124 —39626 —00763 03813 00094 07156  0.0094 07156
05338 —0.0763 —0.0495 0  —0.0763 0  —00763 0

q_|—00763 03813 0  —00495 0  —00763 0  —0.0763
06968  0.0094 —00763 0  —09906 0 0.0094 o |
0.0094  0.7156 0  —00763 0  —09906 0 0.0094
0.6968  0.0094 —0.0763 0 0.0094 0  —01906 0
0.0094  0.7156 0 —00763 0 0.0094 0 —0.1906

When comparing Corollary 1 and 2, it can be observed that the tolerable bound a4, = 1.7802 in
Corollary 2 is greater than a;,,, ... = 1.7796 in Corollary 1.

4. Discussion and Conclusion

In conclusion, two different theorems are provided to establish the asymptotic stability of
solutions for some type of nonlinear fractional-order neutral systems having time delays. We've
converted each of these theorems into a convex optimization problem to see which is more efficient.
The effectiveness of the theorems is demonstrated using an example, and it is found that the efficiency
of the two theorems differs only slightly. The solutions to the convex optimization problems were
calculated using the LMI toolbox.
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Abstract: Ribonucleic acids (RNAs) are nucleic acid types with 1D/2D/3D
structural shapes and are essential for sustaining life. These structural shapes
of the RNAs are highly correlated with their functions. While the primary
and secondary structures of RNA have been extensively studied, the tertiary
structure has received relatively less attention. In this article, we present
novel approaches for representing 3D RNA structures as graph data,
employing geometric measurements such as Base position, Square root
velocity function (SRVF), Arc length, and Curvature. Then, we utilise kernel
methods and neural network methods to predict RNA functions. Our findings
demonstrate the effectiveness of these methodologies in unraveling the
functional attributes of RNA molecules, thus enriching our understanding of
their complex biological significance.

Graf Cekirdek ve Graf Sinir Ag1 Yontemlerini Kullanarak RNA Molekiillerini
Siiflandirilmak I¢in 3D RNA Graf Temsili Yontemleri

Makale Bilgileri
Gelis: 24.02.2023
Kabul: 25.05.2023
Online Aralik 2023

DOI:10.53433/yyufbed.1256154

Anahtar Kelimeler

3B RNA graf temsilleri,
Geometrik dlglimler,
Graf g¢ekirdekleri,

Graf siniflandirmalart,
Graf sinir aglar1

Oz: Riboniikleik asitler (RNA'lar), 1B/2B/3B yapisal sekillere sahip
niikleik asit tiirleri olup, yasamu siirdiirmek i¢in hayati dneme sahiptirler.
RNA'larin bu yapisal sekilleri, fonksiyonlariyla yiiksek derecede iliskilidir.
RNA'nm birincil ve ikincil yapilar1 kapsamli bir sekilde incelenirken,
iiclinciil yap1 nispeten daha az dikkat ¢ekmistir. Bu makalede, Baz konumu,
Karekok hiz fonksiyonu (SRVF), Yay uzunlugu ve Egrilik gibi geometrik
6lciimler kullanarak 3B RNA yapilarini grafik verileri olarak temsil etmeye
yonelik yeni yaklagimlar sunuyoruz. Daha sonra, g¢ekirdek (kernel)
yontemleri ve sinir ag1 (neural network) yontemleri kullanarak RNA
fonksiyonlarmi tahmin ediyoruz. Bulgularimiz, bu metodolojilerin RNA
molekiillerinin fonksiyonel 6zelliklerini ¢6zmedeki etkinligini gosteriyor
ve boylece onlarin karmasik biyolojik Onemine dair anlayisimizi
zenginlestiriyor.
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1. Introduction

RNA plays significantly important functions in the cell, including protein synthesis, RNA
splicing/modification/maturation, cell division, treatment of diseases (cancer and viral/bacterial
infections), and other catalytic and regulatory roles (Ding, 2006; Chen et al., 2012; Hajiaghayi et al.,
2012; Laing et al., 2013; Laborde et al., 2013; Purzycka et al., 2015; Huang & Lin, 2016; Carrasco-
Hernandez et al., 2017; Balcerak et al., 2019). The RNAs’ roles depend on their structural shapes.

The information contained in an RNA molecule consists of three different types. The sequence
is simply a list of base types in RNA (1D). Paired bases in the RNA structure induce a topological
structure (2D). RNA also has complex 3D shapes. 3D RNA shapes have been used in various studies
(Laborde et al., 2011; Huang & Lin, 2016; Miao & Westhof, 2017) to find the function of RNA
molecules. The shapes of the RNAs are in different sizes and structures. Computationally, extracting
structural information from such biochemical components and using them in Machine Learning
applications is a challenging problem. Currently, shape alignment methods are applied for RNA
comparisons (Needleman & Wunsch, 1970; Lau & Ferré-D’Amaré, 2016).

Organizing and transforming biomolecules and chemical compounds into structured data forms
for use in learning algorithms is a challenging problem due to the complexity of these molecules and
compounds. Graphs (G = (V,E, 1)) are flexible data structures that are defined as sets of vertices (1),
edges (F), and labels (1); the labels are optional and represent vertex or edge attributes. Biomolecules
and chemical compounds can be modelled as graphs, with atoms as vertices, hydrogen bonds as edges,
and atom names as labels. Similarly, RNA structures can be represented as a graph with each nucleobase
represented as a vertex, the relation between nucleobase pairs as edges, and RNA attributes encoded on
the graph's node and edge labels. This graph-structured representation offers potential for graph learning
applications.

This research aims to assess the potential of graph representation methods that combine 2D
topology and 3D geometric information about RNA structures. We compare the effectiveness of these
methods in the RNA classifications using the York RNA dataset (Algul & Wilson, 2019).

O1P BASE

M P O5'—CF

| ‘ o4
02P / \
cr

X
S
c:Ila’ Cl'z’

Figure 1. A representation of the nucleotide showing the 3’ (Pande & Nilsson, 2008).

Graph kernels compare the similarity between two graphs and have been widely used for
structural pattern recognition and RNA classification. Examples include Shortest Path (Borgwardt &
Kriegel, 2005), random walk (Kang et al., 2012), Weisfeiler-Lehmann (Shervashidze et al., 2011), and
All Paths and Cycles kernels (Giscard & Wilson, 2017). These methods typically have some limitations
in the application of graph representations, such as restrictions on negative edge labels and a constrained
set of node labels. This restriction in the richness of the representation is investigated in this work, where
we introduce various RNA graph representations with limited node labels and 1-dimensional node
features.
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Deep Learning (DL) methods can process multidimensional features as inputs and have been
effectively used on structured data like grids or sequences represented in Cartesian Space. The Graph
data, however, are dynamic and lack fixed node order and reference points. Graph neural networks
(GNN) have been developed to address this (Dai et al., 2016; Kipf & Welling, 2017; Zhang et al., 2018;
Xu et al., 2019). In GNNs, a novel graph convolutional layer has been added to extract local features,
extending the capabilities of convolutional neural networks (Zhang & Chen, 2018). DL methods have
found application in a range of tasks related to graphs, including the classification of nodes and graphs,
prediction of edges or links, and detection of communities within structured data (Dai et al., 2016; Zhang
et al., 2018; Zhang & Chen, 2018; Xu et al., 2019; Gao & Ji, 2019; Ren et al., 2021; Chen et al., 2017,
Zhao etal., 2021). Node classification, crucial for social network analysis, involves using neighbours to
identify node features in graphs (Zhao et al., 2021). The edge prediction aims to predict connections in
the graph networks. Community detection discovers clusters or segments in a graph (Chen et al., 2017).
GNN:ss are utilized to classify graph data based on their labels in graph classification tasks. Many GNN
techniques have been developed in bioinformatics for classification problems (Dai et al., 2016; Zhang
etal., 2018; Xu et al., 2019; Gao & Ji, 2019; Du et al., 2019; Zhang et al., 2019b; Zhao et al., 2021). In
this article, the cutting-edge GNN methods are also analysed for classifying 3D RNA graphs.

In this paper, we explore graph representation techniques for 3D RNA structures and introduce
multiple 3D RNA graph representations with continuous multi-dimensional node labels based on the
geometric coordinates (x, y, z) of the RNA backbone sugar (€3 atom). These representations apply to
all RNA strands available in our dataset and allow comparison between RNA molecules for
classification. Our literature analysis and experiments show that RNA molecules with similar 3D shapes
are typically classified under the same functional RNA group (Kerpedjiev et al., 2015; Purzycka et al.,
2015; Miao & Westhof, 2017; Wilson & Algul, 2018; Algul & Wilson, 2019; Magnus et al., 2019). The
geometric shape of the RNA's backbone sugar is an important factor in the prediction of RNA functions.

Therefore, we extract the x, y, z coordinates of each RNA nucleotide's €3 atom (See Figure 1)
to provide the representations. We then utilize geometric measures (base position, SRVF, arc length,
curvature) for representing RNA shapes. Each of these representations is in the form of feature matrices,
where each row is being RNA nucleotide’s C3 feature, and the matrix consists of continuous feature
columns. We employ k-medoids and Learning Vector Quantization (LVQ) for clustering and labelling
rows as nodes, as graph kernel methods require limited distinct node labels and only accept 1D node
features.

2. Problem Statement

The 3D RNA shape, which is more complex than the 2D RNA shape, has received less attention
than its 1D/2D structure in determining the biological tasks of RNA molecules (Laborde et al., 2013).
The main issues are,

* Is it possible to transform 3D RNA structures into graph data with geometric measurement

techniques?

* What are the most suitable methods to classify RNA graphs by RNA function?

The objective is to discover effective representations for converting the 3D RNA structures into
graphs. Then, to classify RNA molecules according to their functional categories by applying machine
learning techniques to these representations, along with the sequences and topological data.

3. Related Work

According to our review of available literature, there are currently two primary methods for
representing the 3D structure of RNA in a graph data format. The first set of methods uses 2D RNA
topologies and the coordinates (x, y, z) of RNA backbone sugar (Laing et al., 2013; Zahran et al., 2015;
Kim et al., 2015). These techniques produce 2D topologies of RNA and obtain geometric structure
information inferred from PDB files for providing corresponding 3D RNA shapes. This process involves
encoding structural elements as nodes and connecting these nodes with edges. Additionally, geometric
data is employed to set the helices, and an extra node is placed at the centre of the junctions to construct
the 3D RNA graphs. The second set of approaches operates by grouping structural elements of the 2D
RNAs (Petrov et al., 2013; Reinharz et al., 2018; Chen et al., 2017; Oliver et al., 2022). This approach
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represents each cluster of elements as nodes and edges connecting clusters with shared/matched
elements.

RNAJAG (RNA-Junction-As-Graph) (Laing et al., 2013) encodes RNA molecules by
transforming helical regions and junctions into a tree graph, using 2D RNAs as input and predicting the
junction topologies. RNAJAG estimates 3D structures by considering a collection of helical settings
within the scope of the junctions. By leveraging geometric data (C1,C6, and €8) from RNA strands,
RNAJAG constructs a tree graph to position the edges at the junctional region.

RAGTOP (RNA-As-Graph-Topologies) (Kim et al., 2015) encodes RNA molecules in a
hierarchical structured data form for analysing the riboswitch's 3D topology. RAGTOP uses RNAJAG
to determine junction topologies and puts geometrical data of the helical settings in 3D. It uses
knowledge-based statistical potentials to represent the loops as nodes and helices as edges in
pseudoknot-free structures. Furthermore, the vertices in RAGTOP are assigned 3D coordinates at the
centres of loops and helices, and as extra edges, it adds pseudoknot interconnections.

RAG-3D (RNA as Graph 3D) (Zahran et al., 2015) is an online tool and a dataset providing 3D
RNA structures into tree graph data forms with a maximum of 10 nodes (approximately 240
nucleobases). The tool compares the tree graphs and their substructures to discover almost identical
topologies using a Laplacian Matrix. RAG-3D identifies similar graphs by considering the number and
label of nodes, as well as the eigenvalue of the Laplacian matrix. It uses RNAView (Yang et al., 2003)
to generate pseudoknot-free 2D RNA structures and predicts the 3D RNA building components. It is
important to note that RAG-3D can only represent graphs with a minimum of 2 nodes and does not
include linear/straight strands.

The RNA 3D Motif Atlas (Petrov et al., 2013) introduces secondary RNA structures and their
structural elements using VARNA (Darty et al., 2009) and generates 3D motif groups. These motifs
consist of loops with similar structures and are represented as vertices with a weighted edge connecting
groups of motifs with similar motifs. RNA Bricks (Chojnowski et al., 2013), VeRNAI (Oliver et al.,
2022), and CaRNAval (Reinharz et al., 2018) also encode 3D RNA motifs as graphs.

RNAComposer (Purzycka et al., 2015) provides 3D RNA structures using 2D RNA tree graphs,
but it faces significant challenges in predicting the 3D structures of large RNA sequences. It has a
limitation of generating 3D RNA structures with a maximum length of 500 nucleotides (Purzycka et al.,
2015).

However, these methods have limitations in their size and fail to consider straight/linear RNA
strands. Therefore, to tackle this problem, it is necessary to develop graph representations of 3D RNA
of any size. A new approach, Elastic Shape Analysis, as described in (Ding, 2006; Laborde et al., 2011;
Chen et al., 2012; Laborde et al., 2013; Purzycka et al., 2015; Carrasco-Hernandez et al., 2017),
considers RNA strands as 3D curves and characterizes it using a square root velocity function (SRVF),
which is particularly useful for the geometric analysis of RNA shape.

Graph classification is currently an area of interest in machine learning, with many different
approaches proposed. We focus on two recent approaches. The first is based on kernels. Graph kernels
are organized for structural data and have shown promising performance. Indeed, a graph kernel is a
similarity technique that assesses pairwise graph similarities. Various newer techniques have emerged,
such as the All Paths and Cycles (APC) Embedding (Giscard & Wilson, 2017), which explores the
similarity in paths and cycles between graph pairs. The Weisfeiler Lehman Optimal Assignment Kernel
(WL-OA) (Kriege et al., 2016) is another advanced method for comparing labelled pairwise graphs.
This method uses the Weisfeiler-Lehman label enrichment procedure, and additionally only measures
the best match between the label sets. Furthermore, the Shortest-path kernel is also employed in our
research to assess the similarity between the shortest paths in two graphs.

Graph Neural Networks (GNNs) are new techniques for graph classification that works similarly
to convolutional neural networks (CNNs). In GNNs, convolution and aggregation operations are
typically based on the local structures of the network. The process includes iterative computation of the
features of neighbouring nodes of each node, aggregation of this information through message passing,
and updating the features of the current node (Gilmer et al., 2017; Xu et al., 2018; Xu et al., 2019). This
approach has similarities to the WL subtree kernel method. Early work in GNNs includes GCN (Kipf &
Welling, 2017), which introduced the graph Laplacian approach for graph convolution. A relative
example, gUNets (Gao & Ji, 2019), has a node computation process that is similar to graph kernels.
Another deep learning method, such as DGCNN, has analogies with the graph kernels (Propagation
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Kernel (Neumann et al., 2015), WL subtree kernel (Shervashidze et al., 2011). These kernels iteratively
update node labels based on information from their node neighbours.

Using non-Euclidean data as input is challenging in traditional CNN architectures since they
can only handle input data of the same size (Zhang et al., 2019a), and fixed-size arrays requires to use
in the fully connected layer in CNN. To solve this problem, DGCNN resizes the graphs in the Sort
Pooling layer, allowing the use of traditional CNNs. On the other hand, GIN does not include fully
connected layers and employs the SoftMax function directly for minimizing the loss after convolution
and pooling. The most crucial aspect of GNNs in a convolution layer is to train local features for the
graph network embeddings.

4. 3D RNA Representation Methods

We begin with an RNA graph representation where nodes represent RNA bases, and the nodes
are linked in sequence i.e., nodes representing two consecutive bases are linked by an edge. We used
X3DNA (x3dna.org, n.d.) to identify base pairs, and these pairs are also linked by an edge in our
representation. We can also include node labels that represent the base type, although, in the later
experiments, these are not always used. This standard representation, therefore, encodes the sequence
and 2D topology of the RNA. Treating 3D RNA as 2D structures and relying solely on their topology
neglects a significant amount of information about their geometry. Furthermore, comparing small RNA
strands which lack base pairs is not possible, where most information resides in the 3D shape. In this
section, our objective is to explore 3D representations of RNA that take into account information
inferred from the 3D structure of the RNAs. Since we have chosen to use a graph representation, this
will take the form of additional geometry labels on the nodes or edges.

Initially, our focus is on Elastic Shape Analysis (ESA), where the RNA sequences are treated
as 3D curves and reformed with the square root velocity function (SRVF) (Liu et al., 2010). Then, we
test local geometric indicators such as arc length and curvature to characterise the compactness and
bending of the strand. Finally, we investigate a direct 3D representation by utilizing the backbone
position (the position of the €3 atom) and the RNA nucleobase's centroid position.

4.1. Elastic shape analysis (ESA)

Our approach involves utilizing Elastic Shape Analysis (ESA) to represent the geometry of RNA
shapes. ESA method considers 3D RNA shapes as parameterized continuous 3D curves, represented as
g :[0,1] - R3. The primary purpose of the ESA method is to maintain the curve's essential
characteristics during transformations such as rotation, scaling, and translation. To explore the stretching
and bending of RNA strands, we further represent the 3D curves using the SRVF (Liu et al., 2010;
Laborde et al., 2011). The 3D RNA curve is represented in Euclidean space (R3) using the geometric
information of RNA strands. We obtain the sequence of coordinates (x;, y;, z;) of the C3 atom in each
base and represent the sequence as a continuous curve § : [0,1] = R3 with B(t) = (x1,y:i,2)
where

_ _ 1 - (1)
i = Otpr = ti+7[Bua =Bl Vi<i<n

Here, L indicates the total length of the RNA curve, n refers to the number of bases of RNA strands, and
t; corresponds to the time at the point §; such that B(¢t;) = ;. Now we represent the geometry of f3
using SRVF (q(t)).

p®)

@)
lle]

q(t) =
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Where, || .|| is the euclidean norm, and B(t) = % re-adjust each curve f to a length of 1, and S(t)

is calculated using the given sample points (¢;, 3;) as

Bt) = Bi+1 = Bi 3)

tivi—

q(t), which comprises both directions (q(t) /|lqg(®O)|| = B®) /|B®)|]) and speeds (q(t)? =
[1B(O)|]), is invariant to translation of 8 due to the time derivative (Liu et al., 2010). Thus, we represent
RNA strands as curves with SRVF, derived from their geometric shapes (Laborde et al., 2011).

4.2. Arc length

Again, we consider the RNA strand to be a curve passing through the €3 atom on the base and
want to encode the arc length between bases. Since the strand is bending differently in different locations.
This is not simply the distance between bases. We divide the curve into sub-intervals, which are arcs
between two nucleobases. We calculated the arc lengths (i.e., the length of the sub-intervals) by using
(xi,¥;, z;) coordinates of the C3 atoms as below:

di = O = Xi21,)2 + s = Yi-1,)? + (2 — 221,)? “)
d; —d;_

Si _ z -1 (5)

S1=1d4 (6)

4.3. Curvature

Curvature is a geometry measurement technique that computes the speed and sharpness of
changes in a curve direction (Verbeck & Vliet, 1993). However, the process of computing curvature is
more complex than arc length. We assume that the curvature is approximately constant between three
consecutive residues and fit an osculating circle through these points using the method of (Mjaavatten,
2020). The curvature is then the inverse radius of this circle, kj = 1/ R;.

4.4. Base position

In (Wilson & Algul, 2018; Algul & Wilson, 2019), we presented 3D graph representations of
RNA geometry using three labels (1, 2, and 3) to distinguish paired (label: 1) and unpaired bases (label:
2, within 6.54; label 3: otherwise), as well as bases located both inside and outside of the loops (label:
2, 3). Edges in the RNA graph connect paired and adjacent vertices.

Additionally, we developed a novel graph representation using the backbone and centroid
positions to encode RNA geometry. First, we inferred the distances between any base pairs. Second, we
keep the min distances between per RNA base and its nearest neighbour. Then, we cluster minimum
distances using k-medoids and Learning Vector Quantisation (LVQ). The resulting vertex labels
correspond to base positions.

Our explanation in Section 5 will cover the clustering of these geometric representations (base
position, curvature, arc length, SRVF) values, as well as the encoding of each of these values in a graph-
structured form.

5. Encoding RNA Representations as Graph
While graph kernels have produced excellent results in graph classification problems, one

drawback is that they are typically restricted to limited/few numbers of discrete labels on the nodes and
edges (Giscard & Wilson, 2017; Kriege et al., 2016). To overcome this limitation, we use LVQ for
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clustering node labels and obtain 1- dimensional discrete labels for use in kernel methods. On the other
hand, GNNs typically operate on a vector of continuous features. In this section, we describe both our
discrete and continuous node features.

5.1. Label representation

A supervised data clustering method known as Learning Vector Quantization (LVQ)
utilizes a group of codebook vectors (Schneider et al., 2009; Nova & Estévez, 2013). These vectors
serve as reference points to determine the data point closest to them, thereby acting as suitable
measures of distance (Schneider et al., 2009). In order to use LVQ effectively, it is essential to
identify efficient measures of distances, and we achieved this by using k-medoids. Our
approach involved applying base position, curvature, arc length, and SRVF to RNA strands,
providing features for each nucleotide. We then combined these features of all nucleotides in
the dataset to construct an (n X m) matrix where m indicates the number of feature channels
and n indicates the total number of nucleobases. Subsequently, using k-medoids, we identified
k suitable distance measures and used them as inputs in the LVQ as codebook vectors. To
explore the most efficient discrete labels of nodes, we utilized LVQ. Consequently, we grouped
each row of the RNA matrix (n X m) using k-medoids and LVQ for encoding each of these
rows as node labels.

Thus, RNA graph representations are constructed with a distinct set of node labels, determined
by the features used to represent the RNA strands. The labels correspond to 'A: arc-length’, 'B: base-
position’, and 'C: curvature’. For each RNA representation, the optimal k values are selected by
extensive trials.

- RNA ABC: This representation uses all three features (A: arc-length, B: base-position, C:
curvature) and constructs a joint representation ((n x 3) matrix). The matrix is then processed
using k-medoids with k = 6 and LVQ for encoding each row as a distinct node label. The
resulting graph consists of nodes with one of six distinct labels.

- RNA_ AB: This representation uses both arc-length and base-position to construct a graph,
resulting in 5 distinct node labels. The encoding process is similar to RNA ABC, but with k =
5.

- RNA_AC: This representation uses arc-length and curvature to construct a graph withk =5
discrete node labels.

- RNA_A, RNA B, RNA_C: These representations only utilise single features to construct the
graph with 5, 6, and 5 discrete node labels, respectively.

- RNA_SRVF: These representations use SRVF to convert each RNA molecule with a vector
feature q(t;) for each node. The features are encoded into k = 4 distinct node labels using k-
medoids and LVQ.

- RNA SRVF P: The principal component analysis (PCA) is employed to three coordinates of
the €3 atom of the RNA strands to pre-align the strands. The RNA strands are then encoded
using the same method as RNA_SRVF to construct a graph with four distinct node labels.

5.2. Continuous feature representations

This section presents various representations for encoding 3D RNA structures to determine the
optimal approach for classifying RNA molecules using geometric deep learning (GDL) applications.
Our graph representations incorporate node labels with multi-dimensional continuous features, enabling
learning algorithms to utilize these features while operating on graphs.

- RNA_A-II: This approach applies arc length to the RNA strands. Each node has a continuous
feature corresponding to the calculated arc length.

- RNA_C-II: Similarly, this approach employs curvature as the single node feature.

- RNA_AC-II: This representation combines arc length with curvature to construct 2D node
features.
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- RNA_ XYZ: This approach directly represents the spatial positions of the C3 atoms in each base
via their (x, y, z) coordinates. This is similar to a point-cloud representation, although we retain
the topological information in the graph.

6. Classification Methods

The task in the York RNA Dataset is to classify each RNA molecule into one of eight classes.
In this article, one of our goals is to provide a comprehensive comparison of various graph-based
classification methods for this problem. Here we briefly review the graph kernels and GNN-based
methods we have applied.

6.1. Graph kernel methods

The Weisfeiler-Lehman Optimal Assignment Kernel (WL-OA) is an advanced technique for
comparing labelled graphs. This technique utilises the Weisfeiler-Lehman label refinement approach.
The WL kernel (de Vries, 2013) counts the number of label matches at each level of the refinement
hierarchy. The optimal assignment method (Kriege et al., 2016) augments this by counting only the
labels of the best match between the two graphs. For 4 refinement levels, the WL-OA kernel is described
as

h
KG1,6) =" > D ky@m@), @) ™

U, VEB i=0

where k; denotes a base (Dirac) kernel, 7;(.) denotes the level-A label of a vertex, and B is a bijection
between the two graphs. The max runs over all possible bijections.

The walk-based kernels calculate the number of similar walks between graph pairs (G1, G,) and
measure their pairwise similarities. A walk is considered a path only when it doesn't involve replicated
edges. The Shortest Path (SP) kernel (Borgwardt & Kriegel, 2005; Hermansson et al., 2015) is an
example of the walk-based kernel that exclusively counts the shortest path between each node pair. It
counts all the shortest distances between every possible pair of nodes in the graphs (G;, G,). The paths
can be characterized by their sequence of edge and node labels and their respective lengths. Here we use
the length and the start and end-point labels (Kriege et al., 2020). The shortest paths can be calculated
in 0(n®)using the Floyd-Warshall algorithm, making this method quite computationally expensive for
large graphs.

KGuGd= ) D k) t(p)) ®)
Di€SP(G1) pjESP(G2)

Here, SP(.) refers to a collection of shortest paths, p; is a shortest path between node pairs in (G;) and
likewise p; for G,. 7(.) is the path labelling function.

The All Paths and Cycles kernel (APC) (Giscard & Wilson, 2017) is designed to count all simple
cycles and possible paths within a graph up to a predetermined maximum length instead of solely
computing the shortest paths.

KarcGuGD = > Y k@, e(py) ©)
PiEPCp(G1) PjEPCH(G2)

In this equation, PCp, (G) refers to the collection of all simple cycles and possible paths on the

graph G that have a length of at most h. Due to the complexity of counting all paths, the number of
distinct node labels that can be used is restricted to a maximum of 3.
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6.2. Graph convolutional networks

The Deep Graph Convolutional Neural Network (DGCNN) (Zhang et al., 2018) intends to be a
graph analogue of the convolution neural network (CNN). It employs a graph convolutional and pooling
layer, which respects the structure of the graph. The convolution operation is somewhat similar to the
label refinement process in kernels (WL subtree (Kriege et al., 2016), PK (Neumann et al., 2015)). A
Sort Pooling layer is used in DGCNN to arrange node feature descriptors in a specific order and ensure
a uniform size across all input graphs. Thus, the gap between the traditional pattern vector and the graph-
based representation is bridged.

The Graph Isomorphism Network (GIN) provides a straightforward convolution operation that
is capable of capturing local features and providing a novel vector representation of nodes to address
classification tasks for graphs (Xu et al., 2019). GIN iteratively updates nodes’ feature vectors via an
aggregation operation on information from the neighbours, by applying an aggregation function such as
max, mean, and sum.

Structure2Vec is a graph embedding method (Ribeiro et al., 2017). The model is based on
inferring latent variables to represent node information and then constructing discriminative information
in a feature space for the particular problem at hand.

Graph U-Nets (Gao & Ji, 2019) is a network based on the U-net architecture. It utilises two
operations (gPool and gUnpool) to downsample and upsample the network, and a trainable projection
vector p to project the nodes from one layer to the next. The downsampling phase aims to compress the
graph into a more compact form, and the upsampling checks the information is properly preserved. The
gPool and gUnpool layers operate as an encoder-decoder mechanism where the gPool layers encode
node features of higher order, and the gUnpool layers reconstruct the previous graph structure. Finally,
a GCN layer is applied for final predictions, and then a soft-max function is applied to predict the class.

Label Contrastive Coding based Graph Neural Network (LCGNN) (Ren et al., 2021) uses a base
graph encoder with an addition to the loss function to enhance the contrast between same-label and
different-label pairs:

1
Liotar = Lc + Blic (10)

where L is the classification loss and L; - is the label contrast loss. The method maintains a group of
encoded labelled graphs, which aims to ensure that the graph embeddings are both similar to same-label
examples in the set, as well as dissimilar to different-label examples.

7. Results and Discussion

In this part, we explore the efficacy of classical kernel methods and GNNs on this problem and
the difference between discrete label encoding of properties vs. continuous features.

7.1. Data

We employed the RNA Graph Classification Data Set that includes 3178 RNA strands compiled
by the University of York (Algul & Wilson, 2019). Another alternative dataset, the SCOR database of
Klosterman et al. (2002), has 419 RNA structures and is too small to draw comparative conclusions
about the methods.

7.2. Classification methodology

For the kernel-based methods, we first compute the all-pairs kernel values for the dataset. We
then perform the kernel embedding to obtain a feature representation. Finally, we apply the subspace-
kNN classification method, which produced the best results from our experiments. The training/test split
was 85%/15%. The GNN methods are configured as described in section 6.2, with classification using
the method described in the original work.
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7.3. Kernel methods

We aim to assess the efficacy of various 3D RNA graph representation techniques in classifying
RNA molecules. Based on our literature review, we have found that there are currently no original or
standard graph representations available that specifically encode the geometric data of RNA. We

evaluate introduced graph representations utilising advanced graph kernels.

In table 1, we show the outcomes of the graph kernel techniques (WL-OA, SP, and APC) on the
shape representations using the sequence graph only, i.e., using the sequence but not the topological
edges from base pairs. The graphs use discrete labels as described in section 5. We see an improvement
in performance from using multiple shape labels (RNA-AB, RNA-BC, RNA-ABC). The elastic shape
analysis features are not particularly effective, and R-ABC is the best overall representation. The APC
kernel does not perform well, and SP is the most effective kernel overall. The best single result is

SP+RNA-AB with 88.1% accuracy.

Table 1. The performance of Graph kernels on the introduced variety of RNA graph representations for
Dataset Categorization

n
B~ &
Q > > L
M Q @] aa)
< v % < I & < & &5 =&
> 2 £ Z z £ £ 3z £z
24 24 ~ ~ ~ 24 ~ ~ ~ ~
SP 81.9 84.9 87.8 88.1 82.7 87.7 87.5 82.9 83.3 86.7
APC 76.1 82.9 84.6 85.3 76.1 85.9 86.2 80.1 81.5 85.5
WL-OA 78.7 85.7 86.9 87.4 82.4 87.4 87.4 81.6 81.6 87.1

Table 1 presents the results of applying different graph kernels to a range of RNA graph
representations in order to categorize the RNA dataset. The introduced representations consist of 1D
distinct node characteristics. In the table, bold numbers highlight the best result achieved for each
representation, while red indicates the best kernel method employed for that particular representation.
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Figure 2. Confusion matrix and ROC curve generated by applying method SP+RNA-ABC.

928



YYU JINAS 28(3): 919-934
Algul / 3D RNA Graph Representation Methods for Classification of RNA Molecules Using Graph Kernel and Graph Neural Network Methods

We plotted a ROC curve and utilized the Subspace KNN classifier to assess the classification
performance for SP+R-ABC. The resulting analysis showed a true positive rate (TPR) of 94% and
97% of an area under the curve (AUC).

Based on our observations, we conclude that using joint graph representations gives superior
results compared to using single graph representations alone. As shown in Table 1, the most optimal
result is achieved by employing the SP kernel to RNA-ABC, resulting in an 88.1% accuracy rate in
three graph kernel methods. Furthermore, the SP method demonstrates superiority over other graph
kernels in 8 out of 10 3D graph representations.

Table 2. The RNA dataset's classification accuracy utilising 3 kernel methods and 10 RNA graph
representations. R-type is introduced in (Algul & Wilson, 2019) as a type

A
9 = =
= ]
aa) @) Q 2]
E < 9 9w T I B < 5 &5 =
= < < < < < < < < < <
= 2 = 2 2 = 2 2 = 2 2
SP 834 851 872 878 810 876 881 809 826 867
APC 76.1 826 847 856 761 857 861 80.1 814 843

WLOA 823 85.0 87.0 87.4 79.0 87.5 87.6 81.2 81.7 86.8

In Table 2, we now add the base-pair edges to the graph to represent the 2D topology of the
molecule. The addition of topology improves the majority (6 out of 10) of the representations, but in
many cases only marginally. The previous best-performing method decreases slightly in performance,
and now the best result is received from the RNA-ABC representation (88.1 percent) with the SP method.
However, this is the same headline performance with no topology. We conclude that the kernel methods
are highly dependent on label quality and not the connectivity of the representation.

7.4. Deep learning methods

We now investigate whether the deep learning architectures, which use graph learning and
continuous features, are advantageous for classifying graph representations of RNA. In section 6.2, we
described 5 graph neural network methods including DGCNN (Zhang et al., 2018), gUNets (Gao & Ji,
2019), structure2vec (Dai et al., 2016), GIN (Xu et al., 2019), and LCGNNg;y (Ren et al., 2021) utilised
in this work. Collectively we refer to these as graph deep learning (GDL) methods. Our implementation
of the GDL methods involved the utilization of PyTorch in Python. For gradient descent, we employed
the Adam optimizer in all models. To receive the best test results, we employed 10-fold cross-validation
and trained each model for around 600 epochs, and recorded the optimal outcomes. Following several
iterations for each technique, we have determined the optimal hyperparameters and the values.

Table 3. Selection of #and graph size for DGCNN. The numbers in parentheses indicate the graph sizes
after fixed. These classification accuracy scores were achieved using the DGCNN on RNA-R
graph representations

k=09 k=10.8 (158) k=0.75 (122) k=0.6 (77)
DGCNN 93.063 94.006 91.798 92.744

Our implementation of the DGCNN model includes five convolutional layers with output
channels of [16, 32,32, 16, 1]. We configured the SortPooling with k by 0.8, which indicates that in 80%
of the graphs, the number of vertices is less than k. We set the learning rate for our DGCNN model to
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0.0001 and kept all other parameters of the original implementation. Based on the results shown in
Table 3, the most outstanding results were achieved when the graph sizes were fixed at 158 nodes. Our
GIN model implementation leveraged the sum aggregator function for node embedding and had four
convolutional layers, a dropout proportion of 0.4, and a learning rate of 0.005. The remaining elements
of the GIN model were identical to the original model. The Structure2Vec model performed the highest
results when we utilized the identical hyperparameters found in the original Structure2Vec model
implementation. We built our gUNets model using four gPool layers with gPool ratios
[0.8 0.8 0.8 0.8], a layer dimension of 32, a hidden size of 128, a batch size of 32, and a learning rate
of 0.004. All other parameters are identical to those in the original gUNets model.

Table 4. A range of methods (DGCNN, S2V, GIN, LCGNN, and G-U-Net) were applied to the RNA
graph representations. These representations contain continuous node labels with dimensions
of (1-2-3)

RNA-XYZ RNA-A-II  RNA-A-II RNA-ABC-II  RNA-AC-II RNA-C-II

DGCNN  84.277 83.596 83.596 85.174 80.757 82.019
GIN 66.038 62.264 62.264 64.151 64.151 64.151
S2v 81.073 81.073 82.650
gUNets  68.553 72.642 72.642 67.610 67.610 73.899

Table 5. The results are from a range of graph kernels (WL-OA, SP, APC) and deep learning methods
(DGCNN, S2V, GIN, LCGNNg;y, G-U-Net) on introduced a variety of graph representations.
The nodes labels are discrete labels. RNA R is described in (Algul and Wilson, 2019) as
seqttop. Table 1 and Table 2 only represent the result obtained from 3D RNA representation

o B E
O
m Q m
< = v 2 2 2 2 & & x =
> 2 2 2 3 T 9z =z =z z Z
~ o~ ~ ~ ~ o~ ~ a4 YA X a4
DGCNN 86.1 87.4 84.9 88.0 84.2 85.5 87.1 81.7 82.6 940 858
GIN 67.29 84.9 80.8 86.8 67.6 86.2 85.2 72.6 76.7 91.2 774
S2vV 82.3 86.7 84.5 88.0 80.1 85.2 90.2 753 79.5 953 86.8
gUNets 7421 86.5 79.9 85.8 74.2 85.2 86.5 73.0 74.8 809 755

LCGNNg/nN 7264 862 833 852 745 862 858 73.0 76.1 93.1 780

SP 81.9 87.8 849 881 827 877 875 829 834 O91.1 86.7
APC 76.1 84.6 829 853 76.1 859 862 80.1 8I.5 89.9 855
WL-OA 78.7 86.9 857 874 824 874 874 8l6 8l.6 924 87.1

Our results are presented in Table 4, for the continuous node features discussed in section 5.2.
S2V model can only be able to consume graphs with one-dimensional node features. Based on our
experiments, we found that the DGCNN method yielded the highest test accuracy results. This method
outperformed other methods for all RNA graph representations shown in Table 4. We achieved the
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highest accuracy of 84.277 using the RNA-XYZ graph representation. However, this is inferior to the
88.1% obtained by SP+R-ABC.

Then, we applied GNN methods to RNA graph representations that use distinct node labels. The
results obtained by the GDL methods are similar to those for the kernel methods and better than the
results in Table 4. The DGCNN and SP methods are superior and comparable to each other. The results
for all representations are presented in Table 5. In the article (Xu et al., 2019), GIN claims that its method
is comparable in effectiveness to WL in classification tasks. Nevertheless, our applications reveal that
the GIN method, as shown in Table 5, did not outperform the WL methods. Moreover, in our extensive
experiments, the graph kernels achieved the highest accuracy in 6 of the 11 RNA graph representations.

The data presented in Table 5, indicated by the red highlights, demonstrate that RNA—R
outperforms all other representations. Furthermore, when utilizing the RNA-R representation, the
Structure2Vec approach attains the highest performance, reaching 95.3%. RNA-R is the representation
of a sequence of the RNA molecules added to the 2D RNA topology. The representation is explained in
(Algul & Wilson, 2019) as (Sequence + Topology).

Our comprehensive empirical analysis employed a range of techniques, including classification
methods (GNNs and graph kernels) and 3D RNA graph representations for predicting the biological
tasks of RNA strands. Through our research, we explored that using discrete node labels was more
successful than using continuous node labels for graph-based representations. When comparing graph
kernel methods to the GNNs, we discovered that the GNNs generally performed better than the graph
kernels in most cases.

8. Conclusion

In this article, we begin by discussing the representation issues and the challenges associated
with non-Euclidean data in the context of GDL applications. Next, we review existing 3D RNA
representations and introduce novel 3D RNA graph representations that utilize various techniques to
encode the geometric RNA shape, including base position, curvature, arc length, and SRVF. We then
present the outcomes generated from the 3D RNA graph representations employing graph kernels and
compare these results with the ones received from the GNNs.

In the experiments, we successfully transformed the 3D RNA structure as a graph using various
representations, where nodes reveal one to three-dimensional features. We applied advanced
classification methods to our 3D RNA graph representation and discover that using the introduced graph
representations is helpful in accurately predicting RNA functions in comparisons of the 3D RNA
representations.

Furthermore, our experiments revealed that kernel methods are successful for RNA graph
classification tasks, despite their limitation in using multi-dimensional continuous node labels as input.
However, this does not seem to be an issue with RNA graphs, where classification is best using limited
node labels. We applied the GNNs using this type of representation and found that graph neural
networks provided the best results. GNNs is the most flexible methods as they can be applied to all
introduced graph representations. In all our experiments, we achieved significant results on nucleobase
sequences with the added 2D RNA topology, obtaining an accuracy of 95.3% in the use of
Structure2Vec.
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Abstract: Stock market index data, foreign currency, and gold have an important
place in financial time series. Therefore, value or direction of movement
estimation studies on this subject attracts the attention of both investors and
researchers. This study aims to estimate the daily value of the US Dollar, Gold,
and Borsa Istanbul (XU) 100 index using deep learning methods: Recurrent
Neural Networks and Long-Short-Term Memory. A data set consisting of 2280
business days between 2013-2022, which includes the date, US Dollar, Gold, and
XU 100 closing data, was used in the study. Mean absolute error, mean square
error, root mean square error, and coefficient of determination were used to
evaluate the performance of the developed prediction models. When the results
were examined, it was seen that the Long-Short-Term Memory algorithm
performs better than the Recurrent Neural Network algorithm and achieved a
determination coefficient value of over 95% for the US Dollar, Gold, and XU 100
index. Moreover, the findings obtained in the study indicate that deep learning
algorithms can show high prediction performance on financial time series without
using extra independent variables.

Finansal Zaman Serilerinin Derin Ogrenme Algoritmalari ile Tahminlenmesi
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Anahtar Kelimeler
Derin 6grenme,
Finansal zaman serileri,
LSTM,

RNN,

Uygulamali matematik,
Veri madenciligi

Oz: Borsa endeks verileri, doviz ve altin finansal zaman serileri icerisinde 6nemli
bir yere sahiptir. Bu konuda yapilacak deger ya da hareket yonii tahmini
calismalar1 hem yatirimcilarin hem de arastirmacilarin ilgisini ¢ekmektedir. Bu
calismada, derin 6grenme yontemlerinden Tekrarlayan Sinir Aglar1 ve Uzun-Kisa
Siireli Bellek algoritmalari ile; Dolar, Altin ve BIST 100 endeksinin giinliik deger
tahmini amaglanmistir. Calismada tarih, dolar, altin ve BIST 100 giinliik kapanis
verileri igeren 2013-2022 yillar arasindaki 2280 is giiniinden olusan bir veri seti
kullanilmistir. Gelistirilen tahmin modellerinin performanslarint degerlendirmek
i¢in ortalama mutlak hata, ortalama karesel hata, hata kareler ortalamasinin
karekokii ve belirlilik katsayisi degerlendirme Slgiitleri kullanilmistir. Tahmin
sonuglart incelendiginde Uzun-Kisa Siireli Bellek algoritmasinin Tekrarlayan
Sinir Ag1 algoritmasina gore daha iyi performans gosterdigi ve Dolar, Altin ve
BIST 100 endeksi icin belirlilik katsayis1 degerinin %95’in iizerinde oldugu
gorilmiistiir. Ayrica ¢alismada elde edilen bulgular, derin 6grenme
algoritmalarinin finansal zaman serileri iizerinde ekstra bagimsiz degiskenlere
ihtiya¢ duymadan yiiksek tahmin basarimi gosterebilecegini belirtmektedir.
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1. Introduction

In today’s global world, with constantly changing conditions and ambiguous data, making
decisions is challenging for companies and individual investors. Accordingly, following the price
movements of financial instruments and predicting the upcoming trends is essential for making an
investment decision. Therefore, accurate estimation of financial data with statistical methods based on
data mining and machine learning is crucial for investors.

While making an investment decision, investors can convert their savings into values such as
gold, foreign currency, or stocks according to the risk and return expectations. The prediction studies of
stock market index data, foreign exchange, and gold values attract the attention of both investors and
researchers as they have an important place in financial time series. Stock markets, which consist of
dynamic and chaotic stocks, can be affected by several factors, such as political events, general
economic situation, preferences of institutional investors, investor expectations, and investor
psychology. Hence, due to uncertainty, stock markets carry more risk than all other investment areas.

XU is a remarkably active stock market since it is very sensitive to adverse market conditions,
reacting quickly, increasing the number of companies traded, and increasing the total transaction volume
daily. These advantages make XU solid and attractive for domestic and foreign investors. Investors need
to reach some critical information about the stock they will invest in and predict the stock’s future price
expectations. The market value, trading amount, and trading volume of the stock are some of the
information that plays a critical role in predicting the future price expectations of the stock. However,
although this information is easily accessible, it is difficult to make accurate estimations because stock
prices are affected by many other factors. Thus, a robust prediction model should be chosen to make
accurate estimations.

The US dollar, which has become the universal currency, is used in the foreign trade of
developing countries such as Turkey. Similar to stocks, forecasting studies for the US dollar attract the
attention of both large and small-scale investors. Compared to other financial assets, gold is one of the
investment instruments that attract the most attention as a traditional investment instrument in Turkey,
as its transaction is simple, understandable, and reliable. Furthermore, it is observed that investors
traditionally tend to invest in gold in times of crisis and uncertainty to protect themselves against the
risk of a fall in the dollar or an increase in inflation. Therefore, prediction studies on XU, the US dollar,
and gold have meaningful contributions to the literature.

Financial time series prediction is a popular research area for most researchers as it offers
massive profit opportunities. With the developing computer technologies, deep learning algorithms
allow the precise estimation of financial time series. Deep learning algorithms, which use hidden layers
on the shallow structure consisting of input and output layers in traditional machine learning, are one of
the most popular approaches for solving complex problems.

This study investigated the performances of deep learning algorithms on a financial time series
containing US Dollar, Gold, and XU 100 values. The data set covers the period of 2013-2022 and
consists of Dollar, Gold, and XU 100 values. To predict the daily values of Dollar, Gold, and XU 100
Long-Short Term Memory (LSTM) and Recurrent Neural Networks (RNN) algorithms, which are
known to have high estimation performance on time series in the literature, were used. The main
contribution of this study is that by using the optimized hyperparameters, deep learning algorithms such
as RNN and LSTM can achieve high prediction performance in financial time series without multiple
independent variables. The performances of the prediction models were evaluated by using Mean
Squared Error (MSE), Root Mean Squared Error (RMSE), Mean Absolute Error (MAE), and coefficient
of determination (R?).

The applied methodology in this study is generalized and explained in Figure 1 with a flowchart.
First, the daily values of the US Dollar, Gold, and XU 100 are gathered from investing.com.
Subsequently, data preprocessing is performed to convert the time series data into a supervised learning
problem and reshape it into a suitable format for RNN or LSTM algorithms. Then, the prediction model
architecture is defined, specifying the number of layers, memory cells, and additional layers like
Dropout or Batch Normalization. In the next step, the model is trained using the training data. Evaluation
of the trained model is carried out on the testing set, using performance metrics such as mean squared
error, root mean squared error, or mean absolute error. The model's predictions are analyzed and
compared with actual values. Model optimization involves fine-tuning the hyperparameters of the
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algorithms. Once the optimized hyperparameters are determined, the model is trained using the training
data again, and final predictions are obtained.

Gathering Data set

'

Data Preprocessing

!

Model Architecture

'

Model Training (RNN, LSTM)

!

Model Evaluation

!

Hyperparameter Optimization

;

Prediction

Figure 1. General overview of this study.

The remaining sections of the study are organized as follows; in the second section, a
comprehensive literature review is presented. In the third section, deep learning algorithms applied in
this study are introduced. Section 4 presents the prediction results. The last section gives general
evaluations of the study and some remarks for future studies.

2. Literature

This section presents the prediction studies that used machine learning and deep learning
methods on financial time series between 2011-2022 (in chronological order).

Akcan & Kartal (2011) predicted the stock prices of seven companies in the insurance sector
using the Artificial Neural Networks model. Their data set consists of days between 05.01.2009-
28.02.2011, and they used four macro and seven microeconomic variables as independent variables. It
has been reported that the mean absolute percentage error in the 15-day estimation ranges from 0.85%
to 2.36%, and the mean absolute error ranges from 2 cents to 27 cents.

Erdogan & Ozyiirek (2012) aimed to predict the daily prices of white appliances companies in
the Istanbul Stock Exchange (ISE) index using Artificial Neural Networks. They used Dollar Rate, ISE
index, and stock closing values as independent variables in the data set consisting of 127 business days
between 2011 and 2012. When the results from 5 different companies were examined, the mean
percentage of errors was reported as the lowest at 0.43% and the highest at 2.56%.

Yakut et al. (2014) used Feed Forward Artificial Neural Networks and Support Vector Machines
to predict the XU index. In the data set consisting of 1998 business days between 03.01.2005-
31.12.2012, overnight interest rate, US dollar rate, and the stock market index values of the British Stock
Exchange, the French Stock Exchange, the Japan Stock Exchange, the German Stock Exchange, and the
Brazilian Stock Exchange were used as independent variables. It was reported that the R? values of the
prediction models were 97% and 97.7%, respectively.

Ozcalic1 (2016) predicted the price of 30 stocks listed in the Borsa Istanbul 30 index using
Multilayer Artificial Neural Networks. The data set used in this study consists of 2760 working days
between January 2010 and November 2015, and opening, closing, lowest, highest price, trading volume
information, and fundamental and technical indicators are used as independent variables. As a result, it
has been shown that stock price movements can be predicted with a success rate close to 72.88%.

Yiksel & Akkog (2016) employed Artificial Neural Networks to predict gold prices. Seven
independent variables were used in the data set of 2885 working days between 03.01.2002 and
31.10.2013. The results show that the artificial neural network algorithm could be used successfully for
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predicting gold prices. The R?, RMSE, and MAE values of the developed prediction model have been
reported as 99%, 16.61%, and 11.96%, respectively.

Onocak & Kog (2018) predicted monthly pension mutual fund stock prices using artificial neural
networks. Five independent variables were used in the data set consisting of 154 monthly data between
January 2003 and October 2017. As a result of the analysis, the R? value of the prediction model was
reported as approximately 99%.

Cam & Kilic (2018) used Markov chains and artificial neural network models together to
estimate the daily returns of gold prices. They reported that their prediction model has a success of 70%
in the gold price estimation.

Tuna (2019) conducted a gold price prediction study using artificial neural networks over 2608
working days between 01.07.2009 and 28.06.2019, and prediction performances were measured with
two different approaches, in-sample and out-of-sample. The RMSE values of the artificial neural
network model with 2 delayed 4 hidden neurons and 1 output neuron (2-4-1) were reported as 13.52%
for in-sample estimation and 8.96% and 29.43% for out-of-sample estimation.

Aksehir & Kilic (2019) employed Decision Tree, Multiple Regression, and Random Forest
algorithms to predict the closing prices of some bank stocks. Two different sets of independent variables
were used in the data set consisting of the data between 01.01.2016 and 09.05.2019. As a result, the
highest R? value of 98% was obtained in the data set consisting of independent variables.

Sismanoglu et al. (2020) used three different deep learning algorithms, LSTM, Gated Recurrent
Unit (GRU), and Bidirectional LSTM (BLSTM), to predict IBM stock. Five independent variables were
used in the data set consisting of 12648 trading days between 02.01.1968 and 09.04.2018. It was reported
that the prediction accuracy values for the 5-day input were 57.52%, 52.17%, and 63.54% for LSTM,
GRU, and BLSTM, respectively.

Ustali et al. (2020) aimed to predict the future prices of the stocks of the companies traded in
the XU 30 index using Artificial Neural Networks, Random Forest Algorithm, and XGBoost Algorithm.
The quarterly average of the monthly closing prices between 31.01.2010 and 31.12.2019 was used as
the data set. As a result, the XGBoost algorithm (72.2%) showed better results than the Random Forest
algorithm (69.5%), while the Artificial Neural Networks (68.6%) lagged behind these algorithms.

Soylemez (2020) estimated gold prices with multilayer artificial neural network using the
independent variables of VIX index, Brent oil prices, US Dollar index, and Dow Jones index formed
between 03.11.2014 and 31.10.2019. As a result, the R? of the developed model was reported as 98.44%.

Alpay (2020) used LSTM to predict the USD/TRY values on a data set between 01.01.2000 and
31.12.2017. As a result of the study, it was reported that the LSTM algorithm could make close
estimations of the actual values.

Altunbas (2021) used the Boruta algorithm and then the feed-forward deep neural network
algorithm on the data set containing eight independent variables between 04.11.2015 and 04.11.2019.
When the results were examined, the RMSE value was reported as 11203.49.

Ilgm & Sart (2021) tried to predict the XU 100 index movements with Artificial Neural
Networks. In the data set consisting of 143 monthly data between 2008-2019, the indicator indices of
the BRICS countries were used as the independent variables. As a result, the RMSE and R? values of
the prediction model were reported as 0.182% and 93%, respectively.

Arslankaya & Toprak (2021) predicted the closing values of Eregli Demir ve Celik Fabrikalar
T.A.S.’s stock prices by using Polynomial Regression, Random Forest Regression, Recurrent Neural
Networks and Long-Short-Term Memory algorithms. The data set used in this study consists of 1619
business days between 01.01.2014 and 01.06.2020. When the results were examined, it was seen that
the Random Forest Regression model gave the best result, while the Polynomial Regression model gave
the worst result. The MSE, MAE, and RMSE values were reported as 0.14%, 2.4%, and 3.7% for
Random Forest and 44%, 46%, and 66% for Polynomial Regression, respectively.

Gavcar & Metin (2021) aimed to predict the opening prices of Vestel’s stocks with the LSTM
algorithm. Four independent variables were used in the data set consisting of 1527 trading days between
January 2016 and December 2021. As a result, a 95% accuracy rate was reported for the LSTM
algorithm.

Tas et al. (2021) used the data from the S&P 500 index to predict the US dollar values.
Estimations were made on the daily price data between 12.08.2000 and 13.8.2020 with LSTM and
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Multi-Layer Perceptron. Training, testing, and all data RMSE values are $17.3, $65.3, and $22 for the
LSTM and $16.1, $61.2, and $20.6 for multi-layer perceptron, respectively.

Aytekin (2021) tried to predict the closing prices of the stocks of 12 randomly selected
companies in the XU 30 index with Artificial Neural Networks, Panel Regression Analysis, and
Regression Analysis. The Market Value/Book Value ratio, Leverage Ratio, Return on Equity, Earnings
Per Share, and Price/Earnings Ratio are used as independent variables in the data set consisting of
quarterly data set for the years 2019-2020. As a result, it was reported that artificial neural networks
gave more successful results than classical methods, with an R? value of 91.7%.

Sariko¢ & Celik (2022) aimed to estimate the XU 100 index with LSTM. In the data set
consisting of 4422 business days between 20.09.2002 and 24.07.2020, 49 different attributes were used
as independent variables. As a result, R?> and RMSE values were 88.2% and 2.7% for the PCA+LSTM
hybrid prediction model and 92.6% and 2.1% for the LSTM.

When the literature is examined, it is seen that the studies for the estimation of financial data
artificial neural network-based approaches have higher prediction accuracy. Due to these results and
their compatibility with time series, it was preferred to employ RNN and LSTM algorithms on daily
data sets in this study.

3. Material and Methods

In this section, the concept of deep learning is briefly mentioned, and the applied algorithms are
explained.

3.1. Deep learning algorithms

Deep Learning, a subclass of Machine Learning, is inspired by layers of neural networks
modeled according to the working logic of the human brain. As with biological neurons, artificial
neurons receive their input, process it, and then deliver its output. This way, predictions can be made on
the outputs of any data set. Information is gathered from multiple data sources in deep learning. By
learning the distinctive features or their representations in these collected data, analysis can be
performed without the need for human intervention. Sufficient training must be applied for the system
to result in successful feature learning. Here, the feature learning phase consists of a hierarchical
structure. While the distinctiveness of the features at the lower level of the structure is less, the features
at the upper level derived from the features at this level are more distinctive. Low-level features play a
significant role in generating meaningful features.

In this study, the RNN algorithm and the LSTM algorithm, which have been widely used in
recent years, were preferred for the analysis of the data set because it has a structure that can remember
essential information, can learn, and generalize through examples, and contains fewer assumptions
compared to statistical methods.

3.1.1. Recurrent neural networks

In 1986, a study named “Learning representations by backpropagating errors” was presented by
Rumelhart et al. (1986). RNNs are a class of artificial neural networks in which the interconnections of
units form a directional loop. This loop creates an internal network state that allows it to behave
dynamically. RNNs can use their own input memory to process random sequences of inputs. In other
words, an RNN is an artificial neural network that transmits the output from the previous unit as the
input of the next unit and creates a cyclic structure with new information from the outside. The main
idea of this class is the sequential use of information. The RNN algorithm uses a hidden layer to calculate
the activation value, taking the output from the previous step and the output from the lower layers as
input. It uses self-renewal by combining new data with previous data to make decisions about the
outputs. After the output is generated, it is copied and sent back to the input part of the RNN. The RNN
uses this memory to process new inputs, but this memory is short-term. The most critical parameters of
the RNN algorithm are epoch, batch size, embedding size, and learning rate.
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Figure 2. The structure of recurrent neural networks.

Figure 2 shows the RNN structure. In this figure, x and o represent the input and output vectors,
respectively. The part defined as h represents the internal structure of the RNN algorithm. When the
recurrent part of this structure is broken and opened, the structure in the direction of the unfold arrow is
revealed. The structure with length t + 1 in the form of x;_4 ... x;;1 is distributed in the RNN, as shown
in the figure, and an output h; is obtained for each x;.

3.1.2. Long-short term memory

LSTM, a sub-branch of RNNs, is a feedback neural network. LSTM networks were introduced
by Hochreiter and Schmidhuber in 1997 (Hochreiter & Schmidhuber, 1997). It was created to solve the
recall problem of RNN:Ss. It is a type of neural network suitable for classifying, processing, and predicting
time series. LSTMs are a special type of RNN that adds a cell state in addition to a hidden state to protect
valuable information throughout the time series. It is also controlled by a special gate system that can
handle many challenging situations much better than the ordinary RNN algorithm. Here, the gates are
the structures where the decision is made whether the signal will pass or not.

Ct-1

Legend: - . ‘t» _l_»

Layer  Component Copy Concatenate

Figure 3. The structure of long-short term memory.

In the LSTM structure, the input, output, and forget gates serve the functions of reading, writing,
and resetting, respectively. Changes in the cell’s state are controlled through these gates. Thus, the
control of the information added to the memory is the task of the input gate. It is the task of the forget
gate to control how much of the old information is transferred to the new data. Controlling how much
of the information in the memory will be used in the output stage is a task of the output gate. Parameters
such as the number of hidden units, batch size, and previous data length in the LSTM algorithm have a
major impact on prediction accuracy. In the last sigmoid layer, the output gate layer, what to send as
output is obtained because of filtering (Figure 3).

A more detailed explanation of the working principle of LSTM can be given through its
formulas. The LSTM equations can be summarized as follows:

ft = J(Wf “[he—1,Xe] + bf) (h
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ip =0W; - [he—y, %] + by) (2)

0p = (W, - [he—q, %] + by) 3)
C; = tanh(W¢ - [he_1, ] + b¢) 4)
C=f;OC1+ir OC, 5)

he = 0, © tanh(C,) (6)

The forget gate output (f;), input gate output (i;), and output gate output (o,) are determined by
applying sigmoid activation functions to linear combinations of the previous hidden state (4.;) and the
current input (x;), along with corresponding weight matrices (W, Wi, W,) and bias vectors (by, bi, b,).
The new candidate values (C;) are computed by applying the hyperbolic tangent activation function to
a linear combination of 4..;, x,, and a bias vector (b¢). The memory cell state (C)) is updated by combining
the previous state (C.;) with the candidate values (scaled by f; and i;). Finally, the hidden state (%) is
calculated by applying the output gate values (o) to the hyperbolic tangent of the updated memory cell
state (C,). These equations demonstrate the intricate interplay between gates, memory cells, and hidden
states, enabling LSTMs to effectively capture long-term dependencies in sequential data.

3.2. Statistical analysis
To evaluate the prediction performance of the models, mean squared error, mean absolute error,

root mean squared error (RMSE), and coefficient of determination evaluation criteria were used in
equations (7)-(10), respectively.

MSE = AN 2
_ZZ(YL_ yl) (7)
i=1
n
MAE = lz V
- n 4 |YL yll (8)
i=1
n
RMSE = 12 V 2
= |n. 1(Yi yi) )
i=

Z?:l(Yi - }_’i)z
2 _ _ &s= e J
=l =92 (10)

where, ¥; is the i-th predicted value; y; is the actual value of the ith sample, and ¥ is the mean of the y
values; n represents the total number of samples.

4. Application

This section gives the prediction results of applied algorithms on real-life data. To perform
algorithms, Python 3.9.7 programming language and packages were preferred since it facilitates the
implementation of the necessary steps for solving artificial intelligence problems with the packages it
contains. In addition, Microsoft Excel (Microsoft 365) was used as the database because it provides
convenience in terms of operations and controllability that can be applied to the data.
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4.1. Data set

The data set used in the study includes the observed values for the years between 2013-2022,
which contains 2280 rows in total (consisting of only working days as the stock market is closed on
weekends and holidays). The data set was obtained from the address investing.com. The minimum,
maximum, mean, and standard deviation values of the data are given in Table 1.

Table 1. Variables used in the study

Variables Minimum Maximum Mean Standard Deviation
US Dollar 1.75 16.41 4.51 2.49

Gold 74.05 950.1 217.76 159.04

XU 100 611.89 2 278.55 983.31 267.1

4.2. Prediction performance analysis of deep learning algorithms

The data set was divided into 80% training and 20% test data to examine the success of the
algorithms. Training and test data did not shuffle in time series because the data is based on all previous
days. Thus, the first 1824 rows were used as training data, and the remaining 456 rows were used as test
data. The first and last 5 rows of the data set are given in Table 2. To obtain better performance from
the algorithms, scaling was also performed on the data. Therefore, the variables in the data set were
brought to the same metric by taking values between 0 and 1.

Table 2. The data set used in the study

Date Dollar Gold XU 100
0 02.01.2013 1.7787 98 796.4208
1 03.01.2013 1.7847 98.5 800.3333
2 04.01.2013 1.7818 98.5 795.6395
3 07.01.2013 1.7798 97 802.2441
4 08.01.2013 1.7783 96.5 801.6171
2275 25.01.2022 13.4769 801.87 1 945.07
2276 26.01.2022 13.5561 794.408 1951.17
2277 27.01.2022 13.6470 786.936 1 997.69
2278 28.01.2022 13.5507 781.148 1 983.18
2279 31.01.2022 13.3074 769.081 2 003.20

The RNN network used in the study includes 4 layers in total. It has been observed that the
prediction values of RNN are close to the actual values when the number of blocks in the first 3 layers
is given as 128. Giving the number of blocks more than 128 extended the processing time and did not
make a significant difference in the results. The relu function, which can take 0 for negative and x for
positive inputs, is used as the activation function. To avoid the overfitting problem, the Dropout layer,
which is connected to the RNN layers, has been added. Since an output will be taken from the last layer,
the number of blocks has been determined as 1. “adam” is used as the optimization function of the RNN
network. For the RNN algorithm, Mean Squared Error was chosen as the loss function. The best results
were obtained when the epoch was 100, and the number of data in a group (batch_size) was 20. The
number of data in a group indicates how much data the forward and backward propagation algorithm
will be applied to simultaneously. Figure 4a, Figure 4b, and Figure 4c show the actual and predicted
values of the RNN algorithm for the US Dollar, Gold, and XU 100, respectively.
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The LSTM network used in the study consists of 4 layers in total. The LSTM algorithm gave
the best results when the number of blocks in the first 3 layers is set to 64. Giving the number of blocks
more than 64 extended the processing time and did not make a significant difference in the results. The
tanh function, which can take values in the range of [-1,1], is used as the activation function. The number
of values in this range also contributes to learning. The Dropout layer, which depends on the LSTM
layers, has been added to avoid the overfitting problem. Similarly, since there is an output to be taken
from the last layer, the number of blocks is determined to be 1. “adam” is used as the optimization
function of the LSTM network. In addition, momentum value and learning rate can be given in this
function. For the LSTM model, Mean Squared Error was chosen as the loss function. The best results
were obtained when the batch_size was 20 and the epoch was 100. Figure 5a, Figure 5b, and Figure 5S¢
show the actual and predicted values of the LSTM for the US Dollar, Gold, and XU 100, respectively.
To compare the prediction performance of the algorithms, MSE, MAE, RMSE, and R?> measures were
used. A low value of MSE, MAE, and RMSE and a high value of R? indicate the success of the prediction
model. Accordingly, the results of the RNN and LSTM algorithms are reported in Table 3.
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Table 3. Test data error values of deep learning algorithms

Dollar Gold XU 100
Error metrics RNN LSTM RNN LSTM RNN LSTM
MSE 0.43 0.17 2 387.75 655.29 7098.79 1884.84
MAE 0.57 0.24 46.55 14.26 75.37 32.80
RMSE 0.66 0.41 48.86 25.60 84.25 43.41
R? 0.88 0.95 0.81 0.95 0.90 0.97

When Table 3 is examined, it is seen that the RNN algorithm has higher error values than the
LSTM algorithm. When predicting US Dollar, MSE and MAE values of the LSTM algorithm are
approximately 60% better than the RNN. Besides, the R? value of LSTM is 7% higher than the RNN.
For predicting the Gold prices, the LSTM algorithm has approximately 70% better values of MSE and
MAE than the RNN algorithm. In addition, the R? value of the RNN is 81%, while this value equals
95% for LSTM. When the error metrics of XU 100 index prediction are compared, the LSTM shows
approximately four- and two-times better performance for MSE, MAE, and RMSE, respectively, than
the RNN. The R? values of the RNN 7% lower than the LSTM.

Table 4. Error metric values of LSTM and RNN algorithms for the Price prediction in test data of
THYAO, TUPRS, and MAVI data sets

THYAO TUPRS MAVI
Error metrics RNN LSTM RNN LSTM RNN LSTM
MSE 0.62 0.24 0.44 0.23 0.67 0.12
MAE 0.48 0.30 0.49 0.29 0.71 0.25
RMSE 0.78 0.49 0.66 0.48 0.82 0.35
R? 0.95 0.98 0.96 0.98 0.89 0.97

In addition to the Dollar, Gold, and XU 100 analyses, the performance of the developed
prediction model is tested on some different financial time series stocks from different work areas, such
as THYAO, TUPRS, and MAVI. To create data sets for these stock prices, the same time period for US
Dollar, Gold, and XU 100 datasets is selected. Thus, each data set consists of 2280 business days
between 2013 and 2022. The THYAO data set is a collection of data related to the aviation industry,
while the TUPRS data set focuses on the energy sector. Lastly, the MAVI data set is tailored for textile
production analysis. THYAO, TUPRS, and MAVI stock prices were obtained from the address
investing.com. Table 4 shows the values of the error metrics for RNN and LSTM algorithms using
THYAO, TUPRS, and MAVI data sets. When the results are examined, it is seen that RNN and LSTM
algorithms have R? values above 89% and 97%, respectively. Thus, these results indicate that the
developed prediction model can achieve high accuracy for different time series from different work
areas.

5. Conclusion

Making accurate predictions in financial time series benefits investors in terms of risk and return
when making decisions. This study aims to predict financial time series with deep learning algorithms.
In this context, first, a comprehensive literature review was conducted. Then, daily prediction
performances of RNN and LSTM algorithms on financial time series containing US Dollar, Gold, and
XU 100 values were examined. The data used for each application consists of the date and the considered
value (Dollar/Gold/XU 100). Statistical analysis of the results was performed using the error metrics
MSE, MAE, RMSE, and R2. The R? values for the test data of the RNN algorithm are 88%, 81%, and
90% for US Dollar, Gold, and XU 100, respectively. These values are 95%, 95%, and 97% for the LSTM
algorithm. The error metrics of the algorithms show that the LSTM algorithm has a higher prediction
performance than the RNN algorithm. In addition, showing that the prediction on time series with deep
learning algorithms can provide high accuracy without using extra independent variables is another
contribution of this study to the literature.
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Anahtar Kelimeler
Hukuk,

Makine 6grenmesi,
Sanal yargig,
Yapay zeka

Oz: Makine 6grenmesi ve dogal dil isleme alanindaki gelismelerle birlikte her
alanda oldugu gibi hukuk alaninda da galigmalar yapilmaya baslanmistir. Makine
ogrenmesi ve dogal dil isleme teknolojileri, hukuk alanindaki yazili metinlerin
otomatik olarak analiz edilmesine ve siniflandirilmasina yardimei olmustur. Bu
sayede, avukatlarin ve yargiclarin bliylik miktarda yasal metni hizli bir sekilde
okuyup anlamalar1 miimkiin hale gelmis ayrica, makine 6grenmesi ve dogal dil
isleme teknolojileri, hukuk alaninda karar verme siirecinde de kullanilmaya
baslanmistir. Bu teknolojiler, hukuk davalarinin sonuglarini tahmin etmek ve
olasit sonuclart degerlendirmek i¢in kullanilmis bunun yami sira, makine
ogrenmesi ve dogal dil isleme teknolojileri, hukuk alaninda daha o6nceki
kararlarin analiz edilmesi ve bu kararlardan G6grenme yapilmasi igin de
kullanilmigtir. Bu sayede, benzer davalar igin Onceden verilmis kararlar
incelenerek yeni davalar i¢in fikir yiiriitiilebilir hale gelmistir. Bu ¢alismada da
Uyusmazlik Mahkemesinin olumsuz goérev uyusmazligi davalarinda vermis
oldugu kararlar adli ve idari olmak tizere iki sinifa ayrilarak tahmin edilmeye
calistlmistir. Dogal dil isleme yontemleriyle veri 6n isleme ve ardindan TF-IDF
Oznitelik ¢ikarimi yapilan mahkeme kararlart makine diline ¢evrilmis ardindan
makine 6grenmesi algoritmalarindan lojistik regresyon, destek vektdr makineleri,
karar agaclar1 ve rassal orman algoritmalariyla simiflandirilmistir. Kullanilan
siniflandirma tekniklerinin performans degerlendirmeleri yapilarak mahkeme
kararlart %87 oraninda dogruluk degerleri ile tahmin edilmistir. Calisma
sonuglarmin bilim diinyast ile birlikte hukuk aktorleri i¢in de olumlu sonuglart
olacagi goriilmektedir.

Classification of Decisions of the Court of Jurisdictional Disputes of Tiirkiye Using

Machine Learning Methods
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With the advancements in machine learning and natural language processing,
studies have started to be conducted in the field of law, just like in every other
field. Machine learning and natural language processing technologies have helped
in automatically analyzing and classifying legal texts, enabling lawyers and
judges to read and understand large amounts of legal text quickly. Additionally,
these technologies have also started to be used in the decision-making process in
law. They have been used to predict the outcomes of legal cases and evaluate
possible outcomes. Furthermore, machine learning and natural language

947


https://dergipark.org.tr/tr/pub/yyufbed
https://orcid.org/0000-0001-8898-9631
https://orcid.org/0000-0001-5385-6775
https://orcid.org/0000-0001-5385-6775
https://orcid.org/0000-0001-5492-184X
mailto:burakgorentas@yyu.edu.tr
https://doi.org/10.53433/yyufbed.1292275
https://doi.org/10.53433/yyufbed.1292275

YYU FBED 28(3): 947-961
Gérentas ve ark. / Uyusmazlik Mahkemesi Kararlarinin Makine Ogrenmesi Yéntemleri ile Siniflandiriimast

Keywords processing technologies have been used to analyze previous legal decisions and

Artificial intelligence, learn from them. This has enabled the analysis of previous decisions to make

ﬁmﬁmal intelligence judge, informed decisions on new cases. In this study, negative jurisdictional dispute
aw,

cases of the Court of Jurisdictional Disputes of Turkey were divided into two
categories: judicial and administrative, and an attempt was made to predict them.
The court decisions, after undergoing data preprocessing using natural language
processing techniques and feature extraction using TF-IDF, were translated into
machine language. They were then classified using machine learning algorithms
such as logistic regression, support vector machines, decision trees, and random
forest algorithms.. The performance evaluations of the classification techniques
used resulted in predicting court decisions with 87% accuracy rates. The study's
results are seen to have positive outcomes for the scientific community and legal
actors alike.

Machine Learning

1. Giris

Biiyiik veri ve yapay zeka teknolojileri, hukuk alaninda biiyiik bir etkiye sahiptir. Hukukun
bir¢ok farkli alaninda bu teknolojilerin kullanimi yayginlasmistir ve hukuk bilimine énemli katkilar
saglamistir. Oncelikle, hukuk alaninda biiyiik veri ve yapay zeka teknolojileri, hukuki siireclerin daha
etkili ve verimli bir sekilde yiiriitiilmesini saglamistir. Biiyiik veri analitigi, hukuk¢ularin daha kapsamli
verilere erismelerini ve hukuki kararlarini daha iyi bilgilendirmelerini saglar. Yapay zeka sistemleri ise
hukukgulara hukuki belgeleri, mahkeme kararlarini ve Yargitay ictihatlarini hizl bir sekilde analiz etme,
dava tahminleri yapma ve hukuki damigmanlik sunma gibi konularda yardimci olur. Bu da hukuk
stireclerinin daha hizl1 ve dogru bir sekilde yiiriitiilmesine olanak tanir. Diger yandan, hukuk alaninda
teknolojinin gelistirilmesi ve kullanilmasi, hukukun kendisi i¢in de 6nemlidir. Yapay zeka sistemleri ve
biiyiik veri analitigi gibi teknolojiler, hukukun gelismesine ve déniismesine katkida bulunur. Ornegin,
hukukgular ve hukuk aragtirmacilari, biiyiik veri analitigi kullanarak hukuki trendleri, davraniglart ve
sosyal etkilesimleri analiz edebilir, hukuki politika ve diizenlemelerin gelistirilmesinde daha
bilgilendirici kararlar alabilirler. Yapay zeka sistemleri ise hukuki karar alma siireglerini daha seffaf ve
giivenilir hale getirerek, hukukun adalet ve esitlik ilkesine uygun olarak islemesine yardimei olabilir.

Her dilin kendi i¢inde farkl1 bir yapis1 bulunmaktadir. Dil igerisinde verinin giiriiltiisii, ¢esitliligi
oldukea fazladir. Ayrica hukuki metinler lizerine de ¢alisiliyorsa yapay zeka ve hukuk ¢alismalarinda
disiplinler arasi isbirligi kac¢inilmazdir. Yapay zeka yontemleri i¢in en 6nemli konu dogru veri ile
calismaktir. Hukuk {izerine yapilacak bir ¢alismada hukuk biliminden yararlanmak gerekmektedir.
Hukuki metinler insanlarin kullandigi dilden olusmustur. Bu dogal dilin bilgisayar tarafindan
anlasilmasi igin belirli bir siiregten gegirilmesi gerekmektedir. Bu, dogal dil isleme (DDI) denilen
bilgisayar bilimleri alanina giren bir siirectir. Bu siire¢ sonrasinda yapay zeka yontemleri ile metinler
iizerinde yapilacak analizler i¢in de istatistik biliminden yararlanilmalidir.

Bu ¢alismada hukuki metinler veri olarak alinmis, ardindan dogal dil isleme ve TF-IDF 6znitelik
cikarimi siireclerinden gegirilmis sonrasinda da yapay zeka yontemleri ile analiz edilmistir. Bu
caligsmayla hem hukuk aktorlerine karar verme siirecinde destek olacak uygulamalarda hem de bir hukuk
siijesi olabilecek potansiyele sahip sanal yargig tiirii yapay zeka uygulamalarinda kullanilabilecek g¢esitli
algoritma Onerilerinde bulunmak ve bunun olasi sonuglari iizerine tartismak amacglanmaistir.

1.1. Literatiir

Yapay zeka, hukuk alaninda bir dizi uygulama alani bulmustur ve hukukc¢ularin ¢alismalarini
etkileyecek potansiyele sahiptir. Hukuki aragtirma ve belge analitigi, dava sonuglari, mahkeme kararlari
ve yargi¢ davraniglart gibi hukuk tahminlerinde bulunma, hukuki belgelerin otomatik olusturulmast,
hukuki risk degerlendirmesi, kullanicilara hukuk danigsmanligi hizmetleri sunma, hukuki dogruluk ve
etik kontrolleri, otomatik uyusmazlik ¢6ziimii, hukuk giivenligi ve veri koruma, suglu profilleme, su¢
Ongoriisii ve sug analitigi gibi alanlarda da yapay zekanin kullanimi artmaktadir.

Her dilin kendi i¢inde farkli bir yapiya sahip olmasi, yapay zeka ve hukuk ¢aligmalarinda
disiplinler aras1 is birliginin 6nemini vurgular. Hukuki metinler, karmasik ve 6zel bir dil kullanir ve
hukuki terminoloji, ifadeler ve yapilar igerir. Bu nedenle, yapay zeka sistemlerinin hukuki metinleri
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anlamak ve yorumlamak icin dilbilim, DDI ve hukuk alanlarinda uzmanlasmis bilim insanlarindan
olusan disiplinler aras1 bir yaklasim gerekmektedir.

Disiplinler arasi is birligi, hukuk ve teknoloji alanlarn arasindaki karsilikli etkilesimin arttig
giiniimiizde daha da 6nemli hale gelmistir. Yapay zeka, biiyiik veri analitigi, makine 6grenimi ve DDI
gibi teknolojiler, hukuk alaninda daha etkili ve verimli ¢6zlimler sunma potansiyeline sahiptir. Metin
siniflandirma, DDI alaninda kullanilan bir makine 6grenimi ydntemidir. Metin siniflandirma, bir metnin
belirli bir smifa veya kategoriye atanmasi islemidir. Ornegin, bir e-postanin spam veya spam olmayan
olarak siniflandirilmasi, bir haber makalesinin spor, politika veya ekonomi gibi kategorilere atanmasi,
bir sosyal medya gonderisinin olumlu, olumsuz veya nétr olarak siniflandirilmasit gibi uygulamalar
metin siniflandirma kullanabilir.

Hukuki metinlerle yapilan metin siniflandirma konusunda bir¢ok ¢alisma bulunmaktadir. Bu
alanda calismalar ¢ok giinceldir. DDI ve yapay zeka yontemleri ile Anayasa mahkemesi ve Temyiz
mahkemeleri kararlarinin sonuglarini tahmin etmeye calisan ¢alismalar (Mumcuoglu ve ark., 2021)
oldugu gibi metin madenciligi uygulamalar1 ile mobbing icerikli yarg:i kararlarin1 inceleyip makine
O0grenmesi algoritmalari ile siniflandirmaya tabi tutan arastirmalar da (Aydin, 2020) bulunmaktadir.

Avrupa Insan Mahkemesi Kararlarin1 makine 6grenmesi metotlarini kullanarak tahmin etmeye
calisan (Aletras ve ark., 2016; Liu & Chen, 2017; Visentin ve ark., 2019; Medvedeva ve ark., 2020) ve
Amerika Birlesik Devletleri Yiiksek Mahkemesi kararlarint makine 6grenmesi yontemleri ile tahmin
eden (Katz ve ark., 2017) ¢aligmalar da mevcuttur.

Cizelge 1. Hukuki metinler iizerine su ana kadar yapilan caligmalarda bulunan siniflandirma
algoritmalar1 dogruluk ve F1 degerleri

Karar Rassal Orman Loj. Reg. DVM
Agaclan

Dog. Fl Dog. Fl Dog. Fl Dog. Fl
(Aletras ve ark., 2016) 0.79
(Liu & Chen, 2017) 0.69 0.71 0.73
(Katz ve ark., 2017) 0.70 0.69
(Visentin ve ark., 2019) 0.86
(Medvedeva ve ark., 2020) 0.75
(Aydin, 2020) 0.81 0.73 0.73 0.87 0.82 0.80
(Mumcuoglu ve ark., 2021)  0.61 0.60  0.68 0.67 0.64 0.64

Aletras ve ark. (2016) tarafindan yapilan ¢alisma da sadece DVM algoritmasi kullanilmis ve
dogruluk degeri 0.79 olarak bulunmustur. En biiyiik dogruluk degeri Visentin ve ark. (2019) tarafindan
yapilan DVM algoritmasiyla yapilan calismada 0.86 olarak elde edilmistir. Aydin (2020) tarafindan
temyiz kararlarinin incelendigi ¢alismada ise DVM algoritmasi sonuglarina gére dogruluk degeri 0.82,
lojistik regresyon algoritmasi sonuglarma gore 0.87 F1 degeri elde edilmistir. Mumcuoglu ve ark.
(2021), Anayasa Mahkemesi kararlarini karar agaclari, rassal orman ve destek vektoér makineleri (DVM)
algoritmalari ile analiz etmis ve en biiyiik degerleri, rassal orman algoritmasi analiziyle dogruluk 0.68,
F1 skorunu ise 0.67 olarak bulmuslardir.

2. Materyal ve Yontem
2.1.Materyal

Yargi erkini Anayasa'nin kendilerine tanidig1 gorev ve yetki alanlartyla smirli olarak paylasan,
yiliksek mahkemeler arasinda yer alan Uyusmazlik Mahkemesi, Anayasa'nin 158. (1961 Anayasasi 142.)
maddesiyle gorevlendirilmis, adli ve idari yargi mercileri arasindaki gorev ve hiikiim uyusmazliklarini
kesin olarak ¢dzmeye yetkili, bagimsiz bir yliksek mahkemedir.

Uyusmazlik Mahkemesi, yargi ayriligi ilkesinin ortaya ¢ikardigi gérev uyusmazliklarini ¢6zmek
suretiyle Kkisilerin askida kalan hak arama hiirriyetlerinin gerceklesmesini saglayan; hiikiim
uyusmazliklarimi ¢ézmek suretiyle de hakkin yerine getirilmesini olanaksiz kilan hukuki engelleri
gideren; yargi erkini paylasan diger yiiksek mahkemelerden Yargitay ve Danistay'in kararlarini kaldirip
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onlarin yerine hiikiim tesis edebilen 6zel yetkili bir yliksek mahkeme, dolayisiyla, hukukumuzda kesin
hiikmii ortadan kaldirabilen tek yargi organidir.

Calismada veri olarak Uyusmazlik Mahkemesi kararlar kullanilmistir. Uyusmazlik Mahkemesi
kararlarinda, siniflandirma (classification) tekniklerine uyacak sekilde hukuk boliimii kararlari, karar
sonucu olarak adli yargi-idari yargi ayrimi yapan ve ¢ok sayida veri bulunduran gérev uyusmazlig
kararlan dikkate alinmistir.

Calismada oncelikle kullanilacak verilerin diizenli bir formda elde edilmesi i¢in Python
selenium kiitiiphanesinden faydalanilarak kamuya agik platformdan ilgili verileri ¢ekecek bir web bot
uygulamasi gergeklestirilmistir. Tlgili verilerin alinacagi platformda veriler yapilandirilmamis halde
bulunmaktadir. Bu yiizden veriler kullanilarak tutarli ve anlamli sonuglar elde edebilmek icin 6ncelikle
bu veriler iizerinde ¢esitli veri 6n igleme adimlar1 uygulanmistir. Metin 6n isleme adimlart yapilirken
Python kiitiiphanelerinden faydalanilacag gibi literatiirde daha etkin sonuglarin elde edildigi goriilen
KUSH gibi metin 6n isleme yontemlerinden de faydalanilmistir (Uckan & Karci, 2020). Makine
Ogrenimi algoritmalari test verilerine dogru ve anlamli sonuglar iiretebilmek i¢in 6nceden tanimlanmig
bir dizi veri kullanilarak egitilmektedir. Ancak DDI iizerinde ¢alismanin en 6nemli problemlerinden biri
makine 6grenme algoritmalarinin dogrudan metin verileri lizerinde ¢alisamamasidir. Bu problemin
¢Oziimii i¢in verilerin matematiksel formda temsil edilmesi gerekmektedir. Verilerin bu formlara
doniistiiriilmesi i¢in Oznitelik ¢ikarimi (Feature Extraction) yontemlerinden TF-IDF yonteminden
faydalanilacaktir. Belirtilen bu adimlarin tamamlanmasinin ardindan Dogal Dil Islemeye uygun makine
Ogrenmesi algoritmalarindan lojistik regresyon, destek vektdr makineleri, karar agaglar1 ve rassal orman
algoritmalari kullanilarak siiflandirma iglemleri yapilmistir.

2.2.Yontem

Metin analitigi, metin 6nisleme, makine 6grenimi ve istatistik gibi farkli alanlarin kullanilarak,
yapisal veya yapisal olmayan metin verilerinden anlasilir bir formatta bilgi elde etme ve makinelerin
anlayabilecegi bir yapiya doniistiirme siireglerine Dogal Dil Isleme (DDI) denir (Tan, 1999). DDI,
bilgisayarlarin insanlarm kullandig1 dogal dil olan dilin, yani s6zlii veya yazili olarak iletisim kurmak
icin kullanilan dillerin anlagilir bir formata doniistiiriildiigii, analiz edildigi ve islendigi bir bilgi igleme
alamdir. DDI, metin verilerini anlamak, yorumlamak, ¢ikarimlar yapmak ve cevaplar iiretmek gibi
karmasik dil tabanli gorevleri gerceklestirme yetenegi sunar.

Ham Metin

!

Metin Onisleme

!

Oznitelik Cikarm1

Egitim Verisi Test Verisi
Lojistik Regresyon |« | |
DVM < +
— Siniflandirma Modelleri
Rassal Orman |«

< A 4

Karar Agaglar1 [« Dogruluk

Performans

Degerlendirmesi Kesinlik
Hatirlama

F1 Skoru

Sekil 1. Metin siniflama siireci.
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Metin smiflandirma, bir dizi belgenin bir veya birden fazla kategoriye atanmasi olarak
tanimlanabilir. Metin siniflandirma, veri madenciliginin bir alt alani1 olarak tanimlanir ve bir belgede
bulunan verilerin O6zelliklerine bakarak, onceden belirlenmis kategorilerden birine dahil edilip
edilmeyecegini belirleme siirecini igerir (Y1ildiz ve ark., 2007). Metin siniflandirma, bir kitabin tiirii ve
yerinin belirlenmesi, e-postalarin spam olup olmadigmin karar verilmesi, yazarm tslubunun tespit
edilmesi, konugmalarin taninmasi gibi bir¢ok farkli alanda kullanilan bir tekniktir (Tantug, 2016). Metin
smiflandirma uygulamalari, belge erisim ve organizasyonu, e-postalarin siniflandirilmasi ve istenmeyen
e-postalarin tespit edilmesi, haber organizasyonu ve filtrelenmesi gibi bir¢ok alanda kullanilmaktadir ve
bilgi alma, bilgi ¢ikarimi, bilgi filtreleme, duyarlilik analizi, 6neri sistemleri, bilgi yonetimi, metin
Ozetleme gibi ¢esitli gorevleri icermektedir.

Metin smiflandirma siirecinde denetimli makine 6grenimi teknikleri kullanilarak, belirli bir
belgenin hangi kategoriye ait oldugunu, kategoriye 6zgii kelimelere veya terimlere bakarak tespit etmek
amaclanmaktadir (Kadhim, 2019). Metin siniflandirma siireci, Sekil 1'de gosterildigi gibi, verinin
toplanmasi, metin Onisleme, egitim ve test verisi olarak ayirma, farkli siniflandirma teknikleri ve
performans degerlendirmesini i¢eren asamalar igcermektedir.

Metin 6n isleme adimlari, tokenizasyon, anlamsiz sézciik kaldirma (removing stop words),
koklendirme (stemming) ve vektor uzayr modeli olarak dort adimdan olusur. Tokenizasyon, metni
parcalara ayirma islemi iken anlamsiz sézciik kaldirma, anlamsiz veya az anlam tasiyan kelimelerin
kaldirilmasidir. Koklendirme, kelimelerin koklerini bulma iglemi iken vektor uzay1 modeli, metindeki
terimleri sayisal vektorlere doniistiiren bir modeldir (Kadhim, 2019).

Oznitelik ¢ikarimi, metin verilerinden anlamli ve temsilci 6zelliklerin ¢ikarilma siirecidir.
Metinler, genellikle karmasik ve yiiksek boyutlu verilerdir ve dogrudan kullanilamayacaklari igin,
Oznitelik ¢ikarimi adimi, metin verilerini daha diisiik boyutlu ve daha anlamli bir temsile doniistiirerek,
makine 0grenimi veya diger analiz yontemlerine girdi olarak kullanilabilecek veri 6zelliklerini elde
etmeyi amaglar.,

Anahtar kelimelere metni temsil etmek iizere terim adi verilmektedir. Metinler terimlerin
agirliklarindan olusan bir vektor ile temsil edilir. Terimlerin agirliklarinin hesaplanmasinda degisik
yontemler kullanilmaktadir. Terim agirliklart metni temsil ettigi olgiide O ile larasinda degerler alir.
Terim agirhigimin hesaplanmasi farkl sekillerde yapilmaktadir. Ikili agirliklandirma denilen yontemde,
herhangi bir terim metinde gegiyorsa 1, gegcmiyorsa 0 olarak hesaplanir.

Cizelge 2. Terim ornekleri ve ikili gosterimde belgelere iliskin vektorler (Tantug, 2016)

Metin No Metin Terimler V = [web, graph, net, page,
complex]
by web web graph Web graph Vi=[11000]
b, graph web net graph net Graph web net V,=[11100]
b3 page web complex Page web complex Vi=[10011]
TF-IDF

Agirliklarin belirlenmesi i¢in kullanilan bir diger yontem ise terim sikligi — belge sikligimin tersi
(TS-BST) anlaminda (term frequency — inverse document frequency-TF-IDF) yontemidir.
TS-BST hesabinda asagidaki iki basit ilke temel alinmaktadir:

Bir belge icerisinde sayica fazla olan bir terim, belgede sadece bir kez gecen bir diger terimlere
gore daha Onemlidir. Buna Terim Sikligi-TS (term frequency-TF) adi verilir ve agagidaki gibi
hesaplanir:

TS, =~
Tl 1)

Bu formiilde herhangi bir b; belgesinde (metninde) ¢; teriminin kag defa gegtigi n;; bilgisidir.
|bj| ise metin igerisindeki toplam (tekrarli) terim sayisini gostermektedir.
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Bir metinde az sayida olan terimler, belgenin icerigi ile ilgili daha iyi bilgi verir. Bu mantiktan
yola ¢ikilarak Belge Sikligmin Tersi-BST (inverse document frequency-IDF) hesaplanir:

n
BST; = log— @)

L

Bu formiilde n; sayisi, t; teriminin gectigi belge sayisini; n ise kiimedeki toplam belge sayisim
ifade etmektedir.

Yukarida agiklanan iki bilesen birlestirilerek bir ti teriminin b; belgesi i¢in agirhgi a;; asagidaki
bigimde bulunur:

Belgeler vektorel bicime doniistiiriildiigiinde artik her bir belge vektor uzayr modelinde (vector
space model) bir vektor olarak temsil edilmektedir. Bu |T| boyutlu uzayin her bir boyutu bir terimi

gostermektedir. Asagidaki Sekilde 3 terim igeren bir vektor uzay modelinde b; ve b; belgeleri x ve x’
vektorleri ile ifade edilebilmektedir.

b; belgesi

b; belgesi

Sekil 2. Vektor uzayr modeli.

Ancak burada dikkat edilmesi gereken bir husus vardir. Belgelerde gegen biitiin kelimeleri
kullanmak uzayin boyutunu ¢ok biiyiitmekte ve verilerin bilgisayarla islenmesini zorlastirmaktadir. Bu
nedenle belgeler vektorlere doniistiiriiliirken, T kiimesi daha az sayida eleman igeren T’ kiimesine
(IT’] < [T)) indirgenir. Bu isleme boyut indirgemesi (dimensionality reduction) ad1 verilir.

DDI teknikleri kullanilarak boyut indirgeme yapilmaktadir. En ¢ok kullanilan yontem dilde ¢ok
sik kullanilan terimleri ¢ikarma yontemidir. Kelime koklerinin bulunmasi da vektér uzaymin boyutunu
azaltan bir yontemdir (Peng ve ark., 2004). Tiirk¢e’nin dil yapis1 geregi kok bulma (stemming) islemi
yapilmamasi metin siniflamada ciddi problemlere yol agmaktadir.

Swtiflandirma teknikleri

Siniflandirma tekniklerinde makine 6grenmesi yontemleri kullanilmaktadir. Makine 6grenmesi,
mevcut verilerden yararlanarak bir ¢ikarim modeli olusturma islemidir (Seyyarer ve ark., 2020). DDI
teknikleri ile hazir hale getirilen verilere makine 6grenmesi algoritmalar1 uygulanir. Literatiirde makine
O0grenimi teknikleri, olasiliksal modeller vb. kullanilarak bir¢ok metin siniflandirici 6nerilmistir. Pek
¢ok yaklasim Onerilmis olmasina ragmen, otomatik metin siniflandirmas: hala 6énemli bir arastirma
alamdir ¢iinkii dncelikle mevecut otomatik metin siniflandiricilarin etkinligi kusursuz degildir ve hala
iyilestirmeye ihtiya¢ duymaktadir (Ikonomakis ve ark., 2005).

Makine 6grenmesi veya yapay zeka tekniklerini kullanmanin ana fikri, verilerden belirli
kaliplar1 6grenerek siiregleri veya gorevleri otomatiklestirmektir. Diger bir ifade ile makine 6grenmesi
terimi, verilerdeki anlamli kaliplarin (Oriintli) algilanmasini ifade etmektedir. Makine O0grenmesi
kullanilan algoritmalara saglanan girdiler, elde edilen g¢iktilar ve bu dogrultuda kullanilan ydntemler
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acisindan diisiiniildiigiinde dort alt gruba ayrilmaktadir. Bunlar denetimli 6grenme, denetimsiz 6grenme,
yari-denetimli 6grenme ve pekistirmeli 6grenme olarak siralanabilir (Bayram Arli ve ark., 2022b).

Denetimli 6grenme, veri seti igerisindeki girdiler i¢in ¢ikt1 degerleri lireten 6grenme modeli elde
edilmesidir. Denetimli 6grenmenin gergeklestirilebilmesi i¢in modelin egitimi asamasinda kullanilacak
egitim veri setindeki girdilere karsilik gelen ¢ikt1 degerlerinin bilinmesi gerekmektedir. Denetimli
ogrenmede veri kiimeleri, verileri siiflandirmak veya sonuglari dogru bir sekilde tahmin etmek i¢in
algoritmalarn egitmek veya denetlemek icin tasarlanmistir. Cogunlukla tahmin i¢in kullanilan denetimli
ogrenme teknikleri, smiflandirma ve regresyon algoritmalaridir. Siniflandirma algoritmalar ile
regresyon algoritmalar1 arasindaki temel fark, regresyon algoritmalarinda hedef degisken siirekli
degisken, smiflandirma algoritmalarinda ise hedef degisken kategorik degisken olarak ele alinir
(Bayram Arli, 2021). Bu ¢aligma kapsaminda lojistik regresyon, DVM, karar agaclar1 ve rassal orman
siniflama algoritmalar1 kullanilmistir.

Lojistik regresyon

Kategorik ve iki olasi deger alan hedef degiskenlerin analizinde en sik kullanilan tekniklerden
biri lojistik regresyon analizidir. Bu analiz, lojistik fonksiyondan yararlanarak hedef degiskenin
herhangi bir kategorisine ait olma olasiligin1 tahmin etmeye ¢aligir. Lojistik regresyon analizi, hedef
degiskenin 6lgek tiiriine ve kategori sayisina gore ikili veya ¢oklu lojistik regresyon olarak adlandirilir
(Gtirsakal ve ark., 2022).

Destek vektor makineleri (DVM)

DVM, veri noktalarini bir uzayda gosteren ve siniflandirma islemi i¢in, veri noktalarini iki sinif
arasindaki en genis marjin (margin) bulunmasi esasina dayanan bir makine 6grenmesi algoritmasidir
(Ayata & Cavus, 2022) . Margin, iki sinif arasindaki en yakin veri noktalar arasindaki mesafedir. Bu
sekilde, DVM, siniflar arasindaki ayrimi en iyi sekilde saglamak icin bir hiper diizlem (hyperplane)
bulmaya calisir. Ayrica, smiflarin ayrilmasi icin gerekli olan en uygun hiper diizlemi bulmak igin bir
optimizasyon problemi olarak formiile edilir (Bugday ve ark., 2023; Yildirim ve ark., 2023).

|
qan:sman/ >
~_|
~
s

Sekil 3. Optimal hiperdiizlemin se¢imi (Kartal, 2022).
Karar agaglart

Karar agaglar simiflandirma problemlerinde ¢ok tercih edilen algoritmalardandir. Gelistirilme
amaci; ¢ok sayida veri iceren bir kiimeyi, bazi teknikler kullanarak alt bolimlere ayirmak igin
gelistirilmis bir algoritmadir. Siiflandirma algoritmalari iginde anlagilmasi ve kodlanmasi en kolay
olanlardan biridir (Agrawal ve ark., 1993). Agacin kok digiimiinden baslayarak ve ara diigiimler
iizerinden gidecegi yon belirlenir. Agag tizerinde her bir sinif tek yaprak olarak gosterilmelidir ve bir
sinifa giden sadece tek bir yol vardir. Olusturulan agagta yapraklar arasinda bir bag yoktur. Dallanma
islemi kokten baslar ve yaprak diigtime ulasilincaya kadar devam eder (Utgoff, 1989). En sik kullanilan
karar agaci algoritmalar1 ID3, C4.5-C5.0, CART (Classification and Regression Trees) ve CHAID (Chi-
squared Automatic Interaction Detector)dir.
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Rassal orman

Birden fazla karar agacini bir araya gelmesi ile olusan Rassal Orman algoritmasi aga¢ tabanl
bir topluluk 6grenme yaklagimi seklinde tanimlanabilir. Bu nedenle, Rassal Orman algoritmasi karar
agaclarindan daha iyi performans gosterir, karar agaclarindaki gibi budanma islemi yapilmaz. Hem
smiflandirma hem de regresyon problemlerinin ¢oziimiinde kullanilir (Bayram Arl ve ark., 2022a).

Performans degerlendirmesi

Herhangi bir teknigin etkinligini degerlendirmek icin kullanilan birkag¢ farkli dl¢tim vardir.
Dogruluk (Accuracy), hatirlama (recall), kesinlik (precision) ve F1 0l¢iisii yaygin olarak kullanilir
(Sadiq & Abdullah, 2012). Dogruluk (Accuracy), uygun sekilde kategorize edilen metinlerin tiim
metinlere orani olarak tanimlanabilir. Hatirlama (recall), uygun sekilde kategorize edilmis metinlerin o
sinifa ait tiim metinler icindeki oran1 olarak tanimlanir. Kesinlik (percision), uygun sekilde kategorize
edilmis metinlerin, sinifa tanimlanabilen tiim metinler arasindaki orani olarak belirtilir. F1 dl¢iisi de,
kesinlik ve geri ¢agirma igin simetrik ortalamaya gosterilebilir. Bu 6l¢timler, herhangi bir teknik i¢in
nihai performans 6l¢iimiinii i¢in kullanilir (Kadhim, 2019).

TP (True Positives): Siniflandirici tarafindan dogru sekilde etiketlenmis pozitifler
TN (True Negatives): Siniflandirici tarafindan dogru sekilde etiketlenmis negatifler
FP (False Positives): Yanlislikla pozitif olarak etiketlenen negatifler

FN (False Negatives): Yanliglikla negatif olarak etiketlenen pozitifler olmak tiizere;

Dogruluk (Accurary): Tanima orani olarak sdylenebilir.

Dosruiue — FEHTN @)
ogruluk = ———

Duyarlilik (Sensitivity- recall): Gergek pozitif oranidir.
TP
Duyarlilik = 7 5)

Kesinlik (Precision): tahmin edilen pozitiflerin gercekte kagimnin pozitif oldugunu gosterir.

Kesinlik = — (6)
SN = b FP

F1 Skoru (F1-Score, F-measure): Kesinlik ve duyarliligin harmonik ortalamasidir.

Kesinlik x Duyarlilik

F1=2
x Kesinlik + Duyarlilik

()

3. Bulgular

Calismada kullanilan kararlar Uyusmazlik Mahkemesinin kendi web sitesinden Python
selenium marifetiyle ¢cekilmistir. Web sitesinde bdliim bagligi altinda ceza boliimii, genel kurul kararlar
ve hukuk boliimii seklinde 3 secenek bulunmaktadir. Hukuk bdéliimiinde bulunan ve siniflandirma
teknikleri agisindan ideal bir veri seti olusturan olumsuz gorev uyusmazligi “adli” ve “idari”
kararlarindan 6020 adedi analiz i¢in alinmigtir. Sonucu adli veya idari olan kararlarin en ¢ok kullanildigi
kelimeler asagidaki sekillerde gosterildigi gibi bulunmustur.
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Sekil 4. Adli ve idari kararlarda en ¢ok kullanilan kelimeler.
Bu kararlarin 4515 tanesi egitim i¢in ayrilmistir. Geriye kalan 1505 adet mahkeme karar1 egitim
verisi ile veriler arasindaki iligkiyi 6grenen modelin testi i¢in kullanilmistir. Veri 6nisleme adimindan

gegirilen kararlara siniflandirma algoritmalar uygulanmigtir. Verilerin etiketlendirilmesi i¢in, adli
kararlara 0, idari kararlara 1 degeri atanmustir.

Karmasiklik Matrisi-Egitim Karmasiklik Matrisi-Test

3500
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0 1 0 1
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True label
True label

Sekil 5. Rassal orman algoritmasi karmasiklik matrisi.

Egitim seti karmasiklik matrisinde de goriildiigii gibi 3577 tane adli kararin 3542 tanesi, 938
tane idari kararin 816 tanesi dogru tahmin edilmistir. Test seti karmasiklik matrisinde de goriildiigii gibi
1203 tane adli kararin 1125 tanesi, 302 tane idari kararm 142 tanesi dogru tahmin edilmistir.
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Sekil 6. Karar agaglari algoritmasi1 karmasiklik matrisi.

Egitim seti karmasiklik matrisinde de goriildiigii gibi 3577 tane adli kararin 3570 tanesi, 938
tane idari kararin 788 tanesi dogru tahmin edilmistir. Test seti karmasiklik matrisinde de goriildigii gibi
1203 tane adli kararin 1055 tanesi, 302 tane idari kararin 177 tanesi dogru tahmin edilmistir.

Karmasiklik Matrisi-Egitim
0

Karmasiklik Matrisi-Test
3500
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0 1 0 1

Predicted label

True label
True label

1

Predicted label

Sekil 7. Lojistik regresyon algoritmasi karmasiklik matrisi.

Egitim seti karmagsiklik matrisinde de goriildiigii gibi 3577 tane adli kararin 3533 tanesi, 938
tane idari kararin 818 tanesi dogru tahmin edilmistir. Test seti karmasiklik matrisinde de goriildiigi gibi
1203 tane adli kararin 1102 tanesi, 302 tane idari kararin 178 tanesi dogru tahmin edilmistir.
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Sekil 8. Destek vektor makineleri algoritmasi karmasiklik matrisi.
Egitim seti karmasiklik matrisinde de goriildiigii gibi 3577 tane adli kararin 3502 tanesi, 938
tane idari kararin 748 tanesi dogru tahmin edilmistir. Test seti karmasiklik matrisinde de goriildiigii gibi

1203 tane adli kararin 1080 tanesi, 302 tane idari kararin 232 tanesi dogru tahmin edilmistir.

Cizelge 3. Siniflandirma algoritmalar1 karsilagtirmasi

Dogruluk Kesinlik Duyarhhk F1-Skoru

(Accuracy) (Precision) (Recall) (F1-Score)
Karar Agaclan 0.82 0.72 0.73 0.73
Rassal Orman 0.84 0.76 0.70 0.72
Lojistik 0.85 0.77 0.75 0.76
Regresyon
Destek Vektor 0.87 0.80 0.83 0.81
Makineleri

Cizelge 2’de goriildiigii gibi DVM algoritmasi 0.87 dogruluk, 0.80. kesinlik, 0.83 duyarlilik ve
0.81 F1 skoru ile biitiin degerlerde en yiiksek ¢ikmistir. En diisiik dogruluk ve kesinlik degerleri sirasiyla
0.82 ve 0.72 ile karar agaclar algoritmasinda, duyarlilik ve F1 skoru degerlerinde ise sirasiyla 0.70 ve
0.72 ile rassal orman algoritmasinda bulunmustur.

4. Tartisma ve Sonug

Uyusmazlik mahkemesi kararlar1 ile modelleme yapilan mevcut bir ¢alisma bulunmamaktadir.
Avrupa Insan Haklar1 Mahkemesi kararlar1 ile modelleme yapilan galismalara (Aletras ve ark., 2016;
Liu & Chen, 2017; Visentin ve ark., 2019; Medvedeva ve ark., 2020; Mumcuoglu ve ark., 2021)
bakildiginda, calismamizda kullandigimiz DVM algoritmasi dogruluk degerlerinin diger ¢alismalardan
daha iyi oldugu goriilmektedir.

Karar agaglar1 ve rassal orman algoritmalarinin kullanildig1 diger calismalarda (Aydin, 2020;
Mumcuoglu ve ark., 2021) elde edilen bulgular ile ¢alismamizdaki dogruluk ve F1 degerlerinin birbirine
¢ok yakin oldugu goriilmektedir.

Lojistik regresyon algoritmalarinin kullanildig: ¢aligmalarda (Liu & Chen, 2017; Aydin, 2020)
elde edilen bulgulara bakildiginda ¢caligmamizdaki dogruluk degerinin yiiksek, F1 degerinin ise diisiik
oldugu goriilmektedir.

Medvedeva ve ark. (2023) tarafindan yapilan bu siniflandirma isleminin mahkeme kararlarin
ongormek ile esdeger oldugunu, makine 6grenmesi ile mahkemelerin gegmiste verdigi kararlar tizerinde
sistemin egitilerek gelecekteki mahkeme kararlarini tahmin etmek igin kullanilabilecegini, hukuksal
analizlerde bulunulabilecegini ve mahkeme kararlarin1 anlamak i¢in bu algoritmalarin
kullanilabilecegini sdylemektedir.
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Cizelge 4. Onerilen calisma ile yapilan calismalarin dogruluk degerleri ve F1 skorlari karsilastirmasi

Karar Agaclar1 Rassal Orman Loj. Reg. DVM

Dog. F1 Dog. F1 Dog. F1 Dog. F1
(Aletras ve ark., 2016) 0.79
(Liu & Chen, 2017) 0.69 0.71 0.73
(Katz ve ark., 2017) 0.70 0.69
(Visentin ve ark., 2019) 0.86
(Medvedeva ve ark., 2020) 0.75
(Aydin, 2020) 0.81 0.73 0.73 0.87 0.82 0.80
(Mumcuoglu ve ark., 2021)  0.61 0.60 0.68 0.67 0.64 0.64
Yapilan ¢calisma 0.82 0.73 0.84 0.72 0.85 0.76  0.87 0.81

Bu tip kararlann verebilmek i¢in hukuki bilgiye sahip olmak ¢ok onemlidir. Yiiksek yarg
kararlarinin  smiflandirildigr bir ¢alisma yapilirken o mahkemede bulunan dairelerin gorev ve
yetkilerinin neler oldugu iyi bilinmeli ve buna goére siniflandirma yapilmalidir. Nitekim boyle bir
calismada (Mumcuoglu ve ark., 2021) Danistay dairelerinin tiim hepsi alinmig Dava Daire Kurullar1 ve
ilk derece mahkemesi sifatindaki daire kararlarinin siniflandirilmasi hakkinda bilgi verilmemistir. Dava
Daire Kurullar1 dairelerin, Dava Daireleri de ilk derece sifatindaki dairenin Kkararlarim
goriisebilmektedir. Biitiin hepsinin kararlarinin bir algoritma i¢ine alinmas1 ayni veriyi tekrar kullanmak
anlamina gelmektedir. Bu da algoritmanin saglikli caligmasin1 engelleyen bir faktdr olarak karsimiza
cikmaktadir.

Medvedeva ve ark. (2023) galigmalarinda belirttigi gibi anlamli gorevler yliriitmek i¢in, teknik
becerilere sahip arastirmacilarin yanmi sira, anlamli hukuk sorularinin cevaplanmasini saglamak icin
hukuk bilimcilerin de dahil oldugu disiplinler arasi is birliklerine ihtiya¢ oldugu goriilmektedir. Bu
sayede, bu yeni ve ilging alan ileriye dogru hareket edebilir.

Hukuk alaninda yapay zeka caligmalarinda 6nemli konulardan biri olan yasal formalizm ve yasal
realizm konusuna (Aletras ve ark., 2016) ¢alismasinda deginmistir. Yasal realistlerin hukuki kararlar
verilirken rasyonel siireglerin etkili olmadig1 iddiasina karsilik yasal formalistlerin iddia ettigi gibi
hukuki kararlarin siniflandirilmasi, yargi kararlarinin hukuki modelini sunarak, hukukun rasyonel olarak
belirlenebilir oldugunu gostermektedir. Ayrica Aletras ve ark. (2016)’1n degindigi gibi hukuk alaninda
yapay zeka caligmalarinda veriye erigsim sorunu bulunmaktadir. Bu sorun bilim insanlarinin tiim hukuk
verileri {lizerinde ¢aligmasina bir engel olusturmaktadir. Kolayca ulasilacak biiyiik veri havuzlari
kurulmalidir.

Algoritmalar arasindaki performans degerlendirmesi, kullanilan metriklere, veri kiimesine,
problemin karmasikligina ve gereksinimlere bagli olarak degisebilir. Bu nedenle algoritmalarin
avantajlar1 ve dezavantajlar1 dikkate alinmali ve spesifik bir probleme en uygun olani se¢ilmelidir.

Bulgularda da goriildiigii gibi performans degerlendirmelerinde en iyi sonucu destek vektor
makineleri vermistir. Destek vektdr makinelerinden sonra en iyi sonucu lojistik regresyon analizi
vermigtir. Calismamizdaki gibi iki kategoriye atama islemlerinde ikili lojistik regresyon analizinin
performansinin iyi oldugu goriilmiistiir.

Rassal orman ve karar agaglar1 algoritmalar1 diger algoritmalara gore daha geride kalmistir. Her
iki algoritma da aga¢ diyagramim kullanmaktadir. Karar agaclari, basit ve anlagilir bir model yapisi
isteniyorsa tercih edilebilirken, rassal ormanlar daha karmasik problemlerde, biiyiik veri kiimelerinde
ve daha yiiksek dogruluk oranlarina ihtiya¢ duyulan durumlarda daha etkili olabilir. Rassal ormanlar,
asirt uydurma riskini azaltma ve daha genel sonuglar elde etme acgisindan da avantajlhidir. Ancak, karar
agaclari, diisiik hesaplama maliyeti ve anlasilir model yapisi gibi bazi avantajlara sahiptir. Calismamizda
elde edilen sonuclara bakildiginda rassal orman algoritmasinin karar agaclari algoritmasina goére daha
iyi sonug verdigi goriilmektedir.

Mahkeme kararlarinin siiflandirilmasi, yapay zeka tarafindan mahkeme kararlarinin tahmin
edilmesi anlamina gelmektedir. Bu da bir anlamda hakim gibi karar veren bir yapay zeka modeli olarak
karsimiza ¢ikmaktadir. Insanlarin hayatina énemli derecede etki edecek “sanal yargig” tiirii bu tip
uygulamalar icin diger yapay zeka teknik ve algoritmalarinin da test edilmesi ve buna goére en dogru
algoritmanin seg¢ilmesi gerekmektedir.
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Hayatin her alaninda oldugu gibi hukuk alaninda da yapay zeka insanlara ¢ok yararli bir arag
konumundadir. Calismamizda da goriildiigii gibi bir yapay zeka modeli 6020 adet mahkeme kararini bir
insana gore ¢ok kisa bir siirede tarayip, 6grenip siniflandirma yapabilmistir. Bu islem ile uygulamamiza
yiiklenecek yeni bir mahkeme dosyasinin “adli” veya “idari” yargi orgamindan hangisine dahil olacagi
tahmin edilebilir. Bu sekilde dava sonuglarinin tahminine yonelik yapay zeka uygulamalarinda en
onemli faktor hukuki verilerdir. Bu nedenle hukuki verilerin paylasilmasi 6nem arz etmektedir. Ne kadar
cok veri paylasilirsa ¢alismalar o kadar dogru sonug verecektir. Daha ¢ok hukuki veri ile mahkeme
kararlarinin tahmini ile gelecekte karsimiza ¢ikacak olan yapay zekaya sahip hakimin yani “sanal
yargi¢”mn yolunu agilacaktir. Bdyle bir sanal yargi¢c uygulamasimin hukuk diinyasina ve dogal olarak
tiim hayatimiza olumlu ve olumsuz sonuglar1 olacagi tahmin edilmektedir.

Insanlarin hayatina yonelik kararlar veren yapay zeka sistemlerinde en ¢ok korkulan dnyargil
kararlar veren sistemlerdir. Bir sanal yargicin dnyargili kararlar vermesi diisiincesi endise vericidir.
Bunun i¢in yapilmasi gereken veri bilimini kullanarak onyargil sistemleri dogru karar veren sistemler
haline getirmektir.

Anayasamizin 138. maddesinde “Hakimler, gérevlerinde bagimsizdirlar; Anayasaya, kanuna ve
hukuka uygun olarak vicdani kanaatlerine gore hiikiim verirler.” seklinde belirtildigi gibi hakimler
vicdani kanaat kullanirlar. Sanal yargicin karar verirken vicdani kanaati kullanamamasi bir sorundur.
Ayni zamanda sanal yargicin “takdir yetkisini” nasil kullanacagi da bagka bir sorundur.

Sanal yargi¢ ana karar mekanizmasi olarak m1 kullanilacaktir yoksa yardimci bir mekanizma mi1
olacaktir sorusu da yine tartigilmasi gereken konulardan biridir. Sanal yargicin yargilama siirecinde
diger hukuki aktorlerle iletisiminin nasil olacaglt da 6nemlidir. Bunlarla beraber yapay zekanin hizh
karar vermeye yardimci olmasi veya sanal yargicin hizlica karar vermesi yargmin yiikiiniin
hafifleteceginin gostergelerinden biridir. Boylece yargilama siireleri daha da kisalacaktir.

Sanal yargicin dis etkenlerden etkilenmemesi bir insana gore daha objektif karar alabilecegine
bir isarettir. Yapay zeka sistemlerinin insanlara gére daha az hata yaptiklart bilinmektedir. Hukukta
yapay zeka uygulamalarinin ve 6zellikle sanal yargic uygulamalarinin insanlara (insan hakimlere) gore
hata yapma orani arastirilmaya deger bir konudur.

Insanoglu mevcut durumu degistirecek gelismelere hep korkuyla yaklasir. Yeni sanal yargic
fikrine kars1 ¢ikan ¢ok olacaktir. Bu felsefi bir konu olmakla beraber yazilimcilarin algoritmalarini
gelistirmeleri agisindan hukuk aktdrlerinden tepkileri-doniitleri almalar1 ¢cok 6nemlidir.

Teknolojinin ilerlemesinin Oniine gecilemeyecektir. Yapilacak en dogru adim teknolojik
gelismelere ayak uydurmaktir. Bu anlamda yapay zeka teknolojisini bilen, anlayan ve hatta uygulayan
hukukgulara ihtiyag¢ olacaktir. Hukuk fakiiltelerinde yapay zeka dersleri verilmesi bir gereklilik olarak
karsimiza ¢ikmaktadir. Son olarak, calismamizda dava tabanh sistem kullanilmistir. Kural tabanli sistem
ve kelimelerin semantik anlamlari ile ilgilenen ¢aligmalar yapilmasi bu alanda yapilacak ¢aligmalara gii¢
katacaktir.
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Oz: Su alt1 goriintiilerinin, sudan gegen 15181 dalga boyuna bagh olarak secici
zayiflama sonucunda kontrasti ve goriiniirliigii oldukg¢a diigiikk olmaktadir. Bu
sebeple ilgili caligmada sualt1 goriintiilerinde goriintii kontrastlarini iyilestirmek
amactyla literatiirde ilk kez goriintiiniin parlaklik 6zelliklerini RGB uzayinda
degerlendiren Baglamsal ve Degisken Kontrast (CVC) tabanli bir yontem
onerilmistir. Onerilen yoéntem kontrast1 iyilestirirken ayni zamanda sualti
goriintiisii lizerinde yerel renk diizeltmesi de yapmaktadir. Literatiirde bu alandaki
yontemler kanallarin global histogrami iizerinde gesitli yaklasimlar uygularken,
onerilen yontem HSV uzayinda S ve V kanalindaki goriintiileri drtiismeyen alt
bloklara bolerek histogram esitleme uygulamaktadir. Nitel analiz sonuglarina
bakildiginda, dnerilen yontemin diger iyilestirme yontemlerine kiyasla kontrast,
renk ve ayrinti bakimindan ¢ok iyi goriintiiler iirettigi goriilmektedir. Onerilen
yontem ayrica ¢ikt1 goriintiilerindeki mavi-yesil efektini de azaltmaktadir. Nicel
analiz olarak ise Onerilen yontem 200 sualti goriintiisii i¢in diger ¢aligmalar
arasinda en yliksek ortalama entropi (7.86), EME (40.90), EMEE (32.13) ve
Sobel (90982) degerini liretmektedir.
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Abstract: Contrast and visibility of underwater images become very low as a
result of selective attenuation depending on the wavelength of light passing
through the water. For this reason, a CVC-based method, which evaluates the
brightness properties of the image in RGB space, is proposed for the first time in
the literature to improve image contrasts in underwater images. While the
proposed method improves the contrast, it also performs local color correction on
the underwater image. While the methods in this field in the literature apply
various approaches on the global histogram of the channels, the proposed method
divides the images in the S and V channels into non-overlapping sub-blocks in
the HSV space and applies histogram equalization to them. The qualitative
analysis results show that the proposed method produces very good images in
terms of contrast, color and detail compared to other enhancement methods. The
proposed method also reduces the blue-green effect in the output image. As for
quantitative analysis, the proposed method produces the highest mean entropy
(7.86), EME (40.90), EMEE (32.13) and Sobel (90982) values among other
studies for 200 underwater images.
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1. Giris

Gilinlimiizde su altinda herhangi bir insan etkilesimi gerektirmeden hareket eden otonom sualti
araglar1 ve uzaktan kumandali araglar, okyanus 6rneklemesi, ¢evre izleme, afet onleme, denizalti kesif
vb. bir¢ok amag i¢in kullanilmaktadir (Chiang & Chen, 2011). Bir¢ok arastirmaci da bu araglarin islevini
artirmak i¢in araglarin sensor 6zelliklerini gelistirmek lizere caligmalar yapmaktadirlar (Celebi & Ertiirk,
2012). Bunun yaninda su alt1 goriintiileri 151k zayiflamas1 ve sagilmasi, homojen olmayan aydinlatma,
parlak artefaktlar, giiriiltii vb. gibi baz1 spesifik 6zelliklere sahip oldugu igin bu araglar i¢in optik
goriintiileme sensorleri de gelistirilmesi gerekmektedir. Son yillarda arastirmacilarin bazilari, goriintii
yakalama islemi sirasinda, sualti goriintiilerinin gorsel kalitesini iyilestirmek i¢in donanim tabanl
sistemler lizerinde c¢alisirken, bazilar1 da denizalti goriintiilerini iyilestirmek igin goriintii renk diizeltme
yontemleri gibi yazilim tabanli yontemler dnermektedir. islem maliyeti géz dniinde bulunduruldugunda
yazilim tabanl diizeltme yontemleri, donanim tabanli yontemlere gore daha cazip hale gelmistir. Su alt1
goriintiilerinin bir baska 6zelligi de derinlik ile ilgilidir. Kirmizi/sar1 gibi en uzun dalga boyuna sahip
renkler su altinda 6nce emilirken, dalga boylar1 daha kii¢iik olan mavi/mor 1siklar su alt1 renklerinin
azalmasina kars1 daha dayaniklidir. Mavi renk, diger renklere gore daha kiiciik dalga boyu ile daha
derine inebilir. 60 m derinlige kadar mavi renk algilanabilir ancak 5 m sonra kirmizi renk
kaybolmaktadir. Bu tiir bozulma, mavimsi-yesil goriinen sualti goriintillerinde dengesiz renk
yayilmasina neden olmaktadir. Tiim bu durumlar géz 6niinde bulunduruldugunda sualti goriintiileri
diizglin olmayan aydinlatma, sinirh goriiniirliik, eksilmis renkler, diisiik karsitlik ve bulanik goriintii
etkilerine sahip oldugu goriilmektedir. Literatiirde, su alt1 goriintiilerinde renk ayar1 yapmak, goriintii
kalitesini artirmak, karsithik gelistirmek, zayiflama etkilerini gidermek, giriiltiiyli azaltmak ve
bulaniklig1 telafi etmek icin gesitli goriintii iyilestirme teknikleri Onerilmistir. Sualti goriintiilerini
gelistirmeye yonelik literatiirde yapilan arastirmalar, goriintii iyilestirme ve goriintii restorasyon
yontemleri olmak {izere iki sinifa ayrilmaktadir. Birinci kategorideki yontemler, sualt1 goriintiisiiniin
bozulmasini yansitacak bir model olusturmay1 amaclarken, ikinci kategorideki yontemler herhangi bir
fiziksel model olusturmay1 gerektirmemekte ve sadece su alt1 goriintiilerinin goriinlirliigiinii artirmak
icin goriintii iyilestirme tekniklerini kullanmaktadir. Goriintii iyilestirme teknikleri kullanan ikinci
kategorideki yontemler, su altt goriintiilerinin sis ve bulaniklik efektlerinin ortadan kaldirilmasi,
renklerin diizeltilmesi ve kontrastin ve goriintii kalitesinin iyilestirilmesini gerceklestirmektedirler. Bu
amagla oOnerdikleri yontemler genel olarak Kontrast ve Renk diizenleme olarak iki asamadan
olusmaktadir.

Literatiirdeki kontrast diizenleme teknikleri iki alt sinifa ayrilabilir: Global ve Lokal yontemler.
Birinci siniftaki yontemlerde, girdi yogunluklarini ¢ikti yogunluklarina eslemek i¢in biitiin goriintiiye
tek bir doniistiirme islevi uygulanmakta ve goriintiideki tiim pikseller i¢in ayni global islev
kullanilmaktadir. Histogram belirtimi (Histogram specification-HS), global yontemlere bir drnektir.
Girdi yogunluklarint ¢iktt yogunluk degerlerine eslemek i¢in bir fonksiyonun kiimiilatif dagilimini
kullanir. Kontrast gelistirme i¢in kullanilan fonksiyon diizgiin bir dagilim ise, HS histogram esitleme
(Histogram Equalization-HE) olarak adlandirilabilir (Garg ve ark., 2018). Global yontemlerin kontrast
artirimi igin goriintiilerin global histogramini kullanmas1 hesaplama verimliligi getirirken, yontemde
pikseller arasindaki uzamsal bilginin dikkate alinmamasi yontem i¢in dezavantaj olusturmaktadir. Lokal
yontemlere 6rnek olarak ise Uyarlamali histogram esitleme yontemi (Adaptive Histogram Equalization-
AHE) verilebilir. Bu yontemde her piksel, kendisini ¢evreleyen bolgedeki piksellere gore
diizenlenmektedir. Ancak geleneksel uyarlanabilir histogram esitleme (AHE) yontemleri, goriintiide yer
alan piirlizsiiz bolgelerdeki kontrasti agir1 derecede yiikseltmektedir. Bunun sonucunda bu bolgelerde
giirliltii artefaktlar olusabilmektedir. Bu artefaktlarin ortadan kaldirilabilmesi i¢in Kontrast sinirh AHE
(CLAHE) 6nerilmistir. Yontemde, giris goriintiisii ortlismeyen alt bloklara ayristiritlmakta ve elde edilen
bloklarin yogunluk histogramlar1 hesaplanmaktadir. Ydntemde, alt histogramlarin kirpilmasi igin klip
limiti parametresi kullanilmaktadir. Her histogram, bir dontistitme islevi kullanilarak
degistirilmektedir. Aym1 zamanda her alt histogram yiiksekliginin de klip smirin1 agmamasi
gerekmektedir. Son asama olarak ise yeni gri tonlama degerlerinin belirlenmesinde kullanilan
degistirilmis bir histogram elde etmek i¢in komsu bloklar enterpolasyonla birlestirilmektedir.

Literatiirde sualt1 goriintiilerinin iyilestirilmesinde renk diizeltme tabanli, kontrast diizeltme
tabanli ve hibrit yaklasimlar mevcuttur. Eustice ve ark. (2002) optik goriintii isleme ve mozaikleme
algoritmasi icin MATLAB' in goriintli isleme ara¢ kutusuna bir uzanti eklemistir. Uzanti, su alt1
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gorintilerinin tekdiize olmayan renk dagilimi i¢in 6nerilmis Kontrast Sinirli Uyarlanabilir Histogram
Spesifikasyonunu (CLAHS) yontemini i¢ermektedir. CLAHS yonteminde goriintii birbiri ile
ortiismeyen bloklara aynistirilmakta ve her bir bloga histogram belirtimi uygulanmaktadir. [qbal ve ark.
(2007) renk artefaktlarini azaltmak i¢in kirmizi ve yesil olmak iizere iki renk kanalini degistirmek igin
Von Kries hipotezini kullanmistir. Renk Modeli (ICM) olarak adlandirilan yontem, S ve I kanallarinda
histogram germe islemi uygulamistir. Bir bagka ¢calismada Igbal ve ark. (2010) su alt1 gériintiisiiniin tiim
yogunluk seviyesini genigleterek RGB goriintiisiinii HSI renk modeline doniistiirmiistiir. Denetimsiz
Renk Diizeltme Yontemi (UCM) olarak adlandirilan yontem, iki farkli renk modeli {izerinde histogram
germe islemi kullanmigtir. Hitam ve ark. (2013) su alt1 goriintiilerinin kalitesini artirmak i¢in Karigim
Kontrast Sinirli Uyarlanabilir Histogram Esitleme adli bir yontem 6nerdi. Yontemde, RGB ve HSV renk
uzaylarinda CLAHE yo6ntemi kullanilmigtir. Ghani & Isa (2015a) su alt1 goriintii kalitesini artirmak i¢in
global ve yerel kontrast diizeltme yontemlerini birlestirmislerdir. Calismada yerel kontrast diizeltmesi
icin CLAHS kullanmlirken, genel kontrast diizeltmesi icin ise giris gorlntiisiiniin histogram
0zelliklerinden yararlanilmigtir. Ghani & Isa (2015b) bir diger ¢aligmasinda histogram genisletme
uygularken RGB ve HSV renk uzaylarini kullanmislardir. Yontem kirmizi ve mavi kanallar igin tek
tarafli kontrast diizeltmesi uygularken, yesil kanalda cift tarafli diizeltme gergeklestirilmistir. Histogram
genisletme, RGB' den HSV' ye doniisiimden sonra HSV renk modeline uygulanmistir. Ghani & Isa
(2017), sualt1 goriintiilerinin gorsel kalitesini iyilestirmek icin 6zyinelemeli uyarlamali histogram
modifikasyonu (RAHIM) ad1 verilen bir yontem &nermistir. Goriintii histogramlari siitun bazli alinip
Rayleigh Distribution kullanilarak degistirilmistir. HSV renk modelinin S ve V bilesenleri alinmistir. Li
ve ark. (2017a), iki farkl yaklagimi birlestiren hibrit bir yaklagim 6nerdi: renk diizeltme ve goriintiideki
bulanikligr giderme. Etkili bir renk diizeltme algoritmasi kullanilarak sualti goriintiilerinin rengi
iyilestirilmis ve ardindan sualt1 goriintiisiiniin gorsel kalitesini iyilestirmek i¢in goriintiideki bulaniklik
giderme yaklagimi kullanilmistir. Yine tarafimizdan 2021°de yapilan ¢aligmada ise sualt1 goriintiilerinde
kontrasti iyilestirmek i¢in global ve yerel kontrast gelistirme teknikleri birlikte kullanilmigtir (Ulutas &
Ustubioglu, 2021). Global teknik olarak LDR ydntemi goriintiiniin genel olarak iyilestirilmesini
saglamig, yerel teknik CLAHE goriintiiniin yerel parlaklik o6zelliklerini RGB renk uzayinda
degerlendirmistir. Ayni zamanda yontemde sualtt goriintiisii iizerinde yerel renk diizeltmesi de
yapilmstir.

Son zamanlarda ise literatiirde, sualti goriintiilerinin iyilestirilmesinde derin &grenme
yontemlerinden de oldukca fazla yararlanilmaktadir. Yapilan ¢alismalarda bir ag modeli tasarlanmakta
ve bu ag modeli su alt1 goriintiilerinin 6zellikleri etkili bir sekilde 6grenebilmektedir. Li ve ark. (2020)
CNN'ye dayanan UWCNN modelini nermistir. Bir bagka calismada Li ve ark. (2017b) GAN tabanlh
bir su alt1 goriintli gelistirme modeli WaterGAN 6nerdi. Guo ve ark. (2020) ise, su alt1 goriintiilerinde
cok Olcekli bilgileri kullanabilen DenseGAN agmi onermistir. Ureteci optimize etmek ve GAN
tarafindan iretilen goriintiilerde giiriiltii ve artefakti gidermek igin Sun ve ark. (2023) geri besleme
mekanizmas1 ve bir giirliltii azaltma agt UMGAN'1 6nermislerdir (Sun ve ark., 2023). Bir baska
calismada ise Zhang ve ark. (2023) fiziksel model ve derin 6grenme yontemlerini birlestirmis ve hem
uzay hem de kanal bazinda su alti goriintiilerinin 6zelliklerini kullanarak WaterFormer agim
onermiglerdir. Derin 6grenme tabanli yontemler, fiziksel faktorleri nadiren degerlendirmekte ve
cogunlukla tek asamali aglardan olusmaktadirlar. Onerilen aglarin birgogunun da genelleme yetenegi
olmadigi igin gesitli su alt1 goriintiilerinde bu aglar yiiksek performans gosterememektedirler.

Bu c¢alismada sualt1 goriintiilerinde goriintii kontrastlarini iyilestirmek amaciyla literatiirde ilk
kez gorintiinlin parlaklik ozelliklerini RGB uzayinda degerlendiren CVC tabanli bir yontem
onerilmistir. Onerilen yontem kontrast1 iyilestirirken ayn1 zamanda sualt1 goriintiisii iizerinde yerel renk
diizeltmesi de yapmaktadir. Literatiirde bu alandaki yontemler kanallarin global histogrami tizerinde
cesitli yaklasimlar uygularken, Onerilen yontem HSV uzaymda S ve V kanalindaki goriintiileri
ortiismeyen alt bloklara bolerek bunlara histogram esitleme uygulamaktadir. Elde edilen nitel ve nicel
analiz sonuclarma bakildiginda Onerilen yontemin diger iyilestirme yOntemlerine kiyasla sualti
goriintiilerinde kontrast, renk ve ayrint1 bakimindan ¢ok iyi sonuglar verdigi goriilmektedir.

2. Materyal ve Yontem

Bu boliimde kullanilan veri seti tanitilmig, ardindan 6nerilen yontem ve kullanilan metrikler
aciklanmistir.
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2.1. Veri seti

Onerilen yontem 200 adet sualti goriintiisii iizerinde test edilmistir. Gériintiller Ghani veri
setinden alinmistir (Ghani & Isa, 2017). Bu veri seti, onerilen yontemi alanda geleneksellesen ve yeni
olan histogram tabanli yontemlerle kiyaslamak ve tistiinliigiinii géstermek igin kullanilmistir.

2.2. Goriintii kalitesi metrikleri

Onerilen yontem diger yontemlerle entropi (Ye, 2009), EME (Agaian ve ark., 2000), EMEE
(Agaian ve ark., 2000) ve Sobel kenar tespiti (Wu ve ark., 2005) metriklerinden faydalanilarak
karsilagtinlmistir. Goriintii kalitesinin degerlendirilmesinde kullanilan entropi, goriintii bilgisinin
miktarini temsil eder. Entropi yliksekse, goriintii daha fazla bilgi ve ayrint1 igerir. Diger bir kalite 6l¢iitii
olan EME ve EMEE, su alt1 goriintiilerinin genel kalitesini entropi degerine gore dlgmektedir. Yiiksek
EME ve EMEE degerleri, goriintiilerdeki iyilestirme derecesini gosterir. Ayrica goriintiideki toplam
parlak piksel sayisin1 degerlendiren Sobel kenar algilama yontemi, goriintli analizinde yaygin olarak
kullanilan bir goriintii kalitesi metrigidir. Sobel kenarlar1 ne kadar ¢oksa, goriintii de o kadar ¢ok bilgi
ve ayrint1 var demektir.

2.3. Onerilen yontem
Onerilen ydntemde sualti goriintiilerinin gorsel kalitesinin iyilestirilmesi amaglanmaktadir.

Yontem, Sekil 1'de gosterildigi gibi Kontrast diizeltme ve Renk Diizeltme modiilleri olmak iizere iki alt
modiilden olugmaktadir.

Iyilestirilmis renkli

Giris goriintiisii

Gortintiiniin renk
kanallarina |Kontrast Diizeltme Renk Diizeltme
ayristirilmasi

Sekil 1. Onerilen yontemin akis diyagrami.

[lk asamada, su alt1 goriintiilerindeki diisiik kontrastl1 artefaktlarn giderilmesi hedeflenirken,
ikinci asamada ise esit olmayan renk dagilimi dengelenecektir. ilk asamada kontrastin iyilestirilmesi
icin histogram tabanli Baglamsal ve Degisken Kontrast gelistirme (Contextual and Variational Contrast
enhancement — CVC) (Celik & Tjahjadi, 2011) yontemi goriintitye uygulanmaktadir. Bunun igin giris
gorintiisiindeki parlaklik degerleri 0-255 araligina haritalanir. Ardindan her piksel ve komsulugu
arasindaki iligkiye dayali olarak giris goriintiisiiniin iki boyutlu histogrami olusturulur. Giris
histogramindaki kosegen elemanlari, hedef histogramin kosegen elemanlar1 ile eslenerek giris
gorilintlisiiniin kontrasti iyilestirilir. Genel kontrast diizeltmesinden sonra, ikinci agama olarak onerilen
yontemde goriintiiniin renk diizeltmesi gergeklestirilir. Bu amagla goriintii 6rtiismeyen bloklara boliintir
ve her bir bloga ayr1 ayr1 renk diizeltmesi uygulanir. Alt bdlgelere histogram esitleme uygulamak, tiim
gorilintliniin renk dagilimini daha diizgiin hale getirir. Asagidaki alt boliimlerde, bu agsamalarin ayrintilari
verilecektir.

2.3.1. Kontrast iyilestirme

Onerilen yontemin bu asamasinda giris su alt1 goriintiisiiniin kontrast1 iyilestirilecektir. Sekil
2'de gosterildigi gibi, giris gorlintlisii iic kanala ayristirilir ve bu kanallardaki her bir goriintiiniin
parlaklik degerleri 0-255 araligina haritalanir. Ardindan her piksel ve komsulugu arasindaki iligkiye
dayali olarak bu goriintiilerin iki boyutlu histogrami olusturulur. Giris histogramindaki kosegen
elemanlari, hedef histogramin kdsegen elemanlari ile eslenerek giris goriintiilerinin kontrasti iyilestirilir.
Kontrast1 iyilestirilmis kanallar daha sonra kontrasti arttirilmig goriintli elde etmek igin birlestirilir.
Algoritmanin detaylar1 asagidaki gibi verilebilir.
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Giris Goriintiisii

Gériintiiniin parlakhk
degerlerinin genis bir
arahga haritalanmasi

Giriintiiniin renk
kanallarina aynistirilmasi

Her bir kanala CVC Kanal gériintiilerinin
vinteminin uygulanmasi birlestirilmesi

Kontrast arttirilmis cikti
giriintiisii

Sekil 2. Onerilen kontrast diizeltme ydnteminin akis diyagrami.

Giris olarak verilen renkli su alt1 goriintiisii /, R, G ve B renk kanallarina ayristirilir. Her bir renk
kanalindaki goriintiilerin parlaklik degerleri 0-255 araligina haritalanir. Tiim kanallardaki goriintiilere
ayr1 ayr histogram tabanli Baglamsal ve Degisken Kontrast gelistirme (Contextual and Variational
Contrast enhancement-CVC) (Celik & Tjahjadi, 2011) yontemi uygulanir. Bu gériintiiler i¢in histogram
olusturulur. Histogramlar bir pikselin wxw komgulugunda hesaplanir. Hesaplanan histogramlar, iki gri
seviye yogunlugu arasindaki fark modilii ile agirliklandirilir ve normalize edilir. Normalize
histogramlarin yaninda bir de histogramin diizgiin dagilmis formu da hesaplanir.

Hedef histogram ile giris ve diizgiin dagilmis histogramlar arasindaki uzakligin minimum
olmasi istenir. Bunun i¢in belirlenen optimizasyon fonksiyonu ile girig histogrami ve diizgiin dagilmis
histogramdan hedef histogram elde edilir. Giris goriintiisiindeki degerler hedef histograma gore
haritalanarak ¢ikti1 goriintiisii olusturulur. Her kanal i¢in elde edilen ¢ikt1 goriintiileri birlestirilerek sonug
goriintli yani kontrasti iyilestirilmis goriintii elde edilmis olur.

2.3.2. Renk diizeltme

Sualti goriintiisiinde kontrast iyilestirme yapildiktan sonra goriintiide azalan genel parlaklik ve
doygunluk degerlerini iyilestirmek i¢in bu asamada renk diizeltmesi yapilacaktir. Bu amagla RGB
uzaymndaki kontrast1 artirtlmis goriintii ilk olarak Sekil 3'te gortildigi gibi HSV renk uzayina
dontstiriilmektedir.

Daha sonra goriintiiniin S, V bilesenlerine CLAHE uygulanir. Goriintiiniin doygunlugunu ve
parlakligini temsil eden bu iki bilesen, goriintiiniin netligini ve goriiniirliigiinii artirmak i¢in kullanilir.
Gorilintliniin renk parametresi olan hue bileseni degistirilirse, goriintiide anormal renk degisiklikleri
olusur (Igbal ve ark., 2007). Sekil 4’ te bu durum Orneklenmistir. Sekil 4(a)’ da Ornek su alti
goriintiisiiniin sadece S kanalina 4(b)’ de sadece V kanalina ve 4(c)’ de ise S ve V kanalina birlikte renk
diizeltme islemi uygulanmistir. Sekilden goriildiigii iizere 4(c) deki yani S ve V renk kanallarina
uygulanan renk diizeltimi sonucunda elde edilen goriintiiniin kontrast1 4(a) ve 4(b) ye gore oldukea
fazladir. Yine 4(c) deki goriintiide 6n plan ve arka plan alanlarindaki nesneler ¢ok nettir. Bununla
birlikte, goriintii renkleri oldukca iyilestirilmistir. Ayrica S ve V kanallarina uygulanan renk diizeltimi
ile elde edilen goriintiilerde hi¢bir alanin ¢ok karanlik veya ¢ok parlak olmadigi goriilmektedir. Bu
nedenle S, V goriintiileri drtiigmeyen alt bloklara boliiniir ve bu bloklara histogram esitleme uygulanir.
Literatiirdeki diger yontemler goriintiiniin tamaminda renk diizeltmesi yaparken, 6nerilen yontem de
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blok bazinda renk diizeltmesi yapilarak goriintiiniin renk degerleri iyilestirilmistir. Bunun igin (S, V)
kanallarinda lokal renk diizeltmesi yapildiktan sonra H kanali ile (S, V) kanali birlestirilerek HSV
uzayindaki goriintli tekrar RGB uzayma doniistlirilmektedir. Elde edilen RGB ¢1kt1 goriintiisii kontrast
ve renk agisindan zenginlestirilmis bir goriintii olacaktir.

Kontrast ivilestirilmis
renkli gbriintii
- e

HSV renk uzaymdaki

RGB giriintiiniin HSV Sriintiiniin H. S S ve V renk kanallarma Renk Kanallarmm HSV uzaymdaki
renk uzayma - %, kK ll, c eul Birlestirilmesi giiriintiiniin RGB uzayma
doniistiirilmesi ve ::ls m::;zs‘l‘"“ (LATENS Ty Freen .5, V) doniistiirilmesi

£5.

Kontrast ve Renk
ivilestirilmis sonuc gériintii

Sekil 3. Onerilen renk diizeltme yonteminin akis diyagramu.

Sekil 4. (a) S kanalina (b) V kanalina (c) S ve V kanalina renk diizeltimi uygulanmig goriintiiler.
3. Bulgular ve Tartisma

Onerilen yéntemin performans: nitel ve nicel sonuclar olarak verilmistir. Gergeklestirilen
¢alismanin {istiin performansini géstermek icin onerilen yontem, histogram esitleme (HE), ICM (Igbal
ve ark., 2007), UCM (Igbal ve ark., 2010), CLAHS, CLAHE-Mix (Hitam ve ark., 2013), Percentile
(Garg ve ark., 2018), ICM-RD (Ghani & Isa, 2015b), (Ulutas & Ustubioglu, 2021), UWCNN (Li ve
ark., 2020), WaterGAN (Li ve ark., 2017a), UMGAN (Sun ve ark., 2023) ve WaterFormer (Zhang ve
ark., 2023) Onerdisi calismalar gibi geleneksel ve popiiler olan galismalar ile karsilastirilmistir. Bu
yontemler su alti goriintiilerinin iyilestirilmesinde Onerilen histogram ve derin &grenme tabanli
yontemlerdir. Nitel sonuclar, onerilen yontemle elde edilen goriintiilerin gorsel iyilesmesini, nicel
sonuglar ise goriintii kalite metrikleri kullanilarak elde edilen ¢iktilar gostermektedir.

3.1. Nitel sonuclar

Bu béliimde 6nerilen yontemle elde edilen sonug goriintiiler, diger yontemlerle kontrast ve renk,
gorlintirliik, mavi-yesil aydinlatmanin etkisi ve az ve ¢ok iyilestirilmis alanlarin {iretimi agisindan
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karsilastirilmistir. Onerilen ydntemin gorsel sonuglarim gdstermek iizere veri setinden iki test goriintiisii
secilmis ve elde edilen goriintiiler Sekil 5 ve 6' da gosterilmistir.

Sekil 5 ve 6’ da secilen orijinal goriintiiler verilmigtir. Kirmizi renk kanalinin su alti
goriintiilerine etkisi diger iki renk kanalina gore daha diisiik oldugu i¢in bu goriintiilerden Sekil 5° teki
mavimsi, 6’daki ise yesilimsi goriinmektedir. Bu goriintiilere dikkat edilirse nesneler arka plandan ayirt
edilememekte ve bazi alanlar siyah olarak gortinmektedir.

HE yontemi ile bu goriintiiler iyilestirildiginde sekillerden goriildiigii gibi, gorlintiilerin 6n ve
arka planlarinda karanlik alanlar olugmaktadir. Ayn1 zamanda HE ydntemi uygulandiktan sonra Sekil
5’teki HE ¢1kti goriintiisii kirmizimsi hale gelir ve bu yontem agsir1 doygun alanlar olusturur. Yine dikkat
edilirse goriintiilerde ¢ok parlak ve asir1 doygun alanlar olusmustur.

CLAHS yontemiyle {iretilen tiim ¢iktt goriintiilerinde mavi-yesil aydinlatmanin etkisi
azaltilmigtir. Ancak, goriintiilerin arka planlarinda nesneler ¢cok ayirt edilememektedir.

CLAHE-Mix ile elde edilen c¢ikti goriintiilerine bakildiginda goriintiiler yesilimsi
goriinmektedir. Ancak tiim nesneler hem 6n planda hem de arka planda kolayca ayirt edilebilmektedir.
Bu goriintiilerden hareketle CLAHE-Mix yontemi su alt1 goriintiilerinde kontrasti arttirmig fakat mavi-
yesil aydinlatmanin etkisini azaltmamuigtir.

UCM Ulutas & Ustubioglu Onerilen Yéntem

Sekil 5. Onerilen yontem ve diger ¢alismalardan elde edilen gorsel sonuglar.
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Sekil 6. Onerilen yontem ve diger ¢alismalardan elde edilen gorsel sonuglar.

Percentiles yontemi ile {iretilen ¢ikt1 goriintiilerinde hem 6n plan hem de arka plan nesneleri
kolayca ayirt edilebildiginden, kontrast biiyiik 6l¢iide artirildigi goriilmektedir. Ancak Sekil 5’teki
goriintiide, arka plan alaninin ¢ok net olmadig1 yani yetersiz kontrast artirimi yapildig1 gériilmektedir.

ICM-RD yontemi ile iyilestirme yapildiginda goriildiigii izere goriintiilerde 6zellikle 6n planda
agir1 doygun alanlar olugmustur. Ayn1 zamanda, Sekil 5’teki ¢ikt1 goriintiisiinde arka plan alanlarmnin
cok net olmadig1 géziikmektedir.

ICM ve UCM yontemlerinin ¢ikti gorlintiileri sekillerden goriildiigli gibi nesnelerin kolayca
goriilebildigi HE yontemiyle karsilastirildiginda daha iyi kontrasta sahiptirler. UCM yontemi ile
kahverengimsi ve kirmizimsi goriintiiler {iretilmistir. ICM tarafindan iiretilen ¢ikt1 goriintiilerinde ise,
koyu arka plan alanlar ve sekillerden de goriildiigii gibi asir1 doygun 6n plan alanlar1 mevcuttur.

Ulutas & Ustubioglu (2021) tarafindan 6nerilen LDR tabanli yontem sonuglarina bakildiginda
ise gerek renk gerekse de kontrast bakimindan diger yontemlere gore oldukga basarili goriintiiler elde
edilmistir. Ancak 6n planin kontrasti arka plana gore daha fazla arttigindan, goriildigi gibi arka planda
karanlik alanlar olugmakta ve 6zellikle 6n planda farkli renkler olugmaktadir.

Onerilen yontem ile elde edilen ¢ikt1 goriintiileri tiim bu yontemlerle elde edilen goriintiiler ile
kiyaslandiginda sekillerden de goriildiigii gibi goriintii kontrastini biiyiik 6l¢iide artirilmistir. On plan ve
arka plan alanlarindaki nesneler ¢ok nettir. Bununla birlikte, goriintii renkleri oldukga iyilestirilmistir.
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Yine goriintiilerdeki mavi-yesil aydmlatmanin etkisini de yeterince azaltmigtir. Ayrica dnerilen yontem
ile elde edilen goriintiilerde hicbir alanin ¢ok karanlik veya gok parlak olmadigr goriilmektedir.

3.2. Nicel sonuclar

Nicel sonug olarak oncelikle Sekil 5 ve 6’da verilen orijinal sualti goriintiileri i¢in Onerilen
yontem ve diger yontemler sonucunda elde edilen goriintiilerde Entropi, EME, EMEE, Ortalama
Gradient ve Sobel sayim degerleri hesaplanmistir. Bu degerler Cizelge 1’de verilmis ve elde edilen en
iyl sonuglar koyu renkli degerlerle gosterilmistir. Cizelgede gorildigii gibi Onerilen yontem ile ilk
gorintiiniin EME degeri disinda iki gorlintii i¢in de en yiiksek entropi, EME, EMEE ve Sobel sayisi
degerleri elde edilmistir.

Cizelge 1. Onerilen yéntem ve diger ¢alismalarin goriintiiler i¢in elde ettigi nicel sonuglar

Goriintii Yontem Nicel Sonuclar

Entropy EME EMEE Sobel
Onerilen Yontem 7.87 29.38 15.70 35878

HE 5.98 19.34 2.55 25505
CLAHS 7.57 21.81 2.58 29596
CLAHE-Mix 7.68 34.87 8.22 30594
Percentile 7.76 40.45 19.73 27935
ICM-RD 7.87 35.09 12.72 27644
ICM 7.65 21.07 6.63 23659
UCM 7.53 23.14 8.35 20235

Onerilen Yéntem 7.89 48.56 51.75 41914

HE 5.96 45.33 25.25 39764
CLAHS 7.59 28.46 4.64 36678
CLAHE-Mix 7.70 72.33 1.11 39467
Percentile 7.59 57.08 51.48 35988
ICM-RD 7.89 44.23 26.18 39546
ICM 7.57 28.85 12.72 36192
UCM 7.25 35.37 31.65 33752

Cizelge 2’ de ise 200 sualt1 goriintiisii i¢in Onerilen yontem ve karsilastirilan yontemler igin
kalite metrikleri a¢isindan elde edilen ortalama degerler verilmektedir. Cizelgede kalin olarak gosterilen
degerler, karsilastirma sonucundaki en yliksek degerleri temsil etmektedir. Cizelge 2’den de goriildiigii
lizere sonuglardan, 6nerilen yontemin en yiiksek entropi (7.86), EMEE (32.13), EME (40.90) ve Sobel
sayist (90982) degerlerini liretmistir. Bu da 6nerilen yontemin sualti goriintiilerini iyilestirmede diger
yontemlere kiyasla oldukga yiiksek performans verdigini gostermektedir.

Cizelge 2. Onerilen yontem ve diger ¢alismalari tiim veri seti {izerindeki ortalama nicel sonuglar

Yontem Nicel Sonuglar

Entropy EME EMEE Sobel
Orjinal 7 11.96 1.98 13596
HE 5.88 19.94 4.54 63311
ICM 7.53 20.06 5.42 35782
UCM 7.19 20.11 6.66 24664
CLAHS 7.01 15.28 1.84 32796
CLAHE-Mix 7.30 31.82 1.27 41106
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Cizelge 2. Onerilen yontem ve diger ¢alismalarin tiim veri seti iizerindeki ortalama nicel sonuglar1 (devama)

Yontem Nicel Sonuglar

Entropy EME EMEE Sobel
Percentile 7.35 22.26 7.35 32059
ICM-RD 7.75 23.57 11.13 43807
Ulutas & Ustubioglu 7.83 40.97 32.06 15255
UWCNN 7.28 35.12 30.10 80850
WaterNet 7.70 37.34 30.89 83780
UWGAN 7.83 38.99 31.20 90010
WaterFormer 7.84 39.60 31.10 90000
Onerilen Yontem 7.86 40.90 32.13 90982

4. Sonug¢

Su alt1 goriintiilerini iyilestirmek i¢in Onerilen yontem iki modiilden olugsmaktadir: kontrast ve
renk diizeltme. Kontrast diizeltme modiiliinde, RGB uzayinda test goriintiisiinde CVC ile lokal ve global
kontrast diizeltmesi yapilmis ve goriintli kontrast1 oldukga artirilmistir. Renk performansini iyilestirmek
i¢in Onerilen renk diizeltme modiiliinde ise kontrasti artirilmis goriintii HSV uzayina doniistiirtiliir ve
goriintiiniin S, V bilesenlerinin renk degerleri CLAHE ile iyilestirilir. Hem nitel hem de nicel
sonuglardan da goriilebilecegi gibi, onerilen yontem diger yontemlere gore kontrast, renk ve detay
acisindan cok iyi sonuglar vermektedir. Onerilen ydntem aym zamanda ¢ikt1 goriintiisiindeki yetersiz ve
agir1 gelistirilmis alanlarin etkisini de azaltmaktadir. Ayn1 zamanda Onerilen renk diizeltmesi yontemi
ile goriintideki hem mavi-yesil etkisi azaltilmis hem de goriintiideki nesnelerin goriiniirligii
artirllmistir.
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Oz: Hidroelektrik santralleri suyun hidrolik giiciinii kullanarak elektrik iireten, yiiksek
verimli enerji santralleridir. Santrallerde bir¢ok nedene bagl olarak olusan tahribatlar
zamanla techizatlardaki verimlilik kayiplarini artirmakta ve santralin performansini
diistirmektedir. Santrallerde en fazla verimlilik kaybmin gerceklestigi kisim tiirbin ve
tiirbin bilesenleridir. Santral verimliliginin diizenli olarak izlenmesi, kestirimci
bakimlarla teghizatlarin korunmasi, santralin ekonomik isletme émriiniin uzatilmasi
gibi amaglar elektrik iiretiminde temel politikalar haline gelmistir. Hidrolik santrallerde
farkl1 debi 6l¢lim metotlari kullanilarak yapilan tlirbin performans testleri, bu amaglarin
gerceklesmesinde biiylik katkilar sunmaktadir. Bu c¢aligmada, Dikey Francis tipi
tirbinlerin kullanildigr Alpaslan-1 HES’in bir iinitesinde boya seyreltme metodu
kullanilarak debi dl¢iimii ve tiirbin performans testleri gergeklestirilmistir. Unitede
kurulumu yapilmis olan verim izleme sisteminden de yararlanilarak yapilan testlerde,
santralin devreye alindig1 2012 yilindan testlerin yapildig1 zamana kadar gecen siirede
tiirbin veriminde %3.5’liik bir kaybin oldugu tespit edilmistir.
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Performance Tests-Case Study
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Abstract: Hydroelectric power plants are high-efficiency power plants that generate
electricity using the hydraulic power of water. Destructions in power plants due to
many reasons increase the efficiency losses in the equipment over time and decrease
the performance of the power plant. The turbine and turbine components are the parts
where the most efficient loss occurs in the power plants. Purposes such as regular
monitoring of power plant efficiency, protection of equipment with predictive
maintenance, and prolonging the economic operating life of the power plant have
become the main policies in electricity generation. Turbine performance tests using
different flow measurement methods in hydraulic power plants make great
contributions to the realisation of these goals. In this study, flow measurement and
turbine performance tests were carried out using the dye dilution method in a unit of
Alpaslan-1 HEPP, where vertical Francis-type turbines are used. In the tests carried out
using the efficiency monitoring system installed in the unit, it was determined that there
was a 3.5% loss in turbine efficiency from the year the power plant was commissioned
in 2012 until the tests were conducted.
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1. Giris

Enerji, modern diinyanin olusmasinda biiylik etki gostermistir. Hayatin her alaninda etkisini
gosteren enerji artik en temel ihtiyaclar arasina girmistir. Diinya, artan enerji talebini karsilamak i¢in
yeni ve alternatif enerji kaynaklar1 bulma arayislarina devam etmektedir (Yalili Kilic & Adali, 2023).
Yeryiiziindeki en biiyiik enerji kaynaklar1 olan fosil yakitlarin, yeni rezervlerin bulmamasi halinde
yakinda tiikenecek olmasi (British Petroleum (BP), 2023) ve bu kaynaklarin ¢cevre, doga ve insan sagligi
acisindan olusturdugu olumsuz etkiler nedeni ile iilkeler temiz, giivenilir, kesintisiz, diisiik maliyetli ve
kaliteli enerji kaynaklarina yonelmektedirler (Esmer, 1996; Arcaklioglu & Ozcan, 2022). Enerjide
bagimsizlik ve siirdiiriilebilirlik, enerji yonetimi gibi meseleler enerji politikalarina yén veren 6nemli
faktorler haline gelmistir (Esen & Bayrak, 2015). Bu nedenle, enerji arzinda yenilenebilir enerji
kaynaklarina dncelik verilerek fosil yakit kullaniminin 6niine gegilmesi ve var olan enerji kaynaklarmin
etkin ve verimli bir sekilde kullanilmasi 6ncelikli hedefler arasina girmistir (Kavak, 2005; Finn ve ark.,
2011).

Suyun yeryiiziinde siirekli bir dongii i¢erisinde olmasi ve buna bagli olarak yeryiiziindeki su
oraninin hi¢bir zaman degismemesi, suya bagli olarak olusan hidrolik giicii tikenmez bir enerji kaynagi
kilmakta, yenilenebilir enerji kaynaklar1 arasina sokmaktadir. Suyun olusturdugu hidrolik giicii
kullanarak enerji tireten hidroelektrik santralleri (HES) iilkelerin enerji politikalarinda 6nemli bir yer
tutmaktadir. 2020 yili verilerine gore diinya genelinde elektrik enerjisi talebinin yaklasik %16’sin1,
Tiirkiye’nin elektrik enerjisi talebinin ise %25.6’sin1 hidrolik santral tesisleri karsilamistir (Elektrik
Uretim A.S. (EUAS), 2021). Hidrolik santral tesislerinin yerli iiretim kaynagi olmasi, enerjide disa
bagimlilig1 azaltmasi, isletme maliyetlerinin diisiik olmasi, uzun émiirlii olmasi, fosil yakitlara alternatif
olmasi ve ¢evreye zarar verecek atiklar barindirmamas gibi etkenler, bu tesisleri vazgecilmez elektrik
iiretim kaynaklar1 haline getirmektedir (Ozgoren ve ark., 2012). Santrallerin ilk kurulum maliyetlerinin
yiiksek olmasina karsin verimliliklerinin yiiksek olmasi, tarim, sulama, balik¢ilik, taskin 6nleme gibi
alanlar i¢in de kullanilmasi bu tesislerin diger avantajlar1 arasindadir. Cografik yapisi, akarsu orani
elverisli olan {ilkelerin en ¢ok faydalandigi kaynak hidroelektrik enerjisidir (Dinger ve ark., 2017).

1882 yilinda kurulan ilk hidroelektrik santralinin {izerinden 140 yillik bir zaman ge¢mis
bulunmaktadir (Giiler, 2001). Gegen siire zarfinda bu tesislerin teknolojik alt yapilarinda biiyiik bir
gelisme kaydedilmistir. Santrallerde kullanilan tiirbin, generator, transformator gibi kritik teghizatlarin
imalat verimliliklerinde biiyiik artislar saglanmis ve bu techizatlardan biiyiik giiclerde {iretim
yapilmigtir. Giiniimiizde, ylik-frekans dengesini saglamasi ve uzaktan kontrol imkanlar1 sunmasi gibi
nedenlerle en ¢ok tercih edilen tiirbin tiplerinden olan Francis tipi tiirbinler yaklasik %97, Kaplan tipi
tiirbinler yaklasik %96, Pelton tipi tiirbinler ise yaklasik %95 verim ile imal edilebilmektedir. Imal
edilen generatdrlerin verimi ise %98’in iistiine ¢ikabilmektedir (Ozbek, 2022). Diinya genelindeki
santrallerin yaklasik %60’1nda kullanilan Francis tipi tiirbinlerin 1 000 MW giiciinde olanlari tiretilmistir
(Linguip, 2020; Yicaiglobal, 2020).

Hidroelektrik santrallerinde santral verimliligi, santralin kurulu giicii ile generatdér c¢ikis
giiclinlin birbirine oranlanmasi ile bulunur. Suyun hidrolik giiciiniin 6nce mekanik, sonra elektrik
enerjisine doniistiiriildiigii bu tesislerde, suyun tiirbini dondiirmek {izere gonderilmesi ile baslayan
elektrik iiretim siirecinin her asamasinda enerji kayiplar1 olusmaktadir. Bu nedenle santrallerin
girisindeki hidrolik enerji generatdr ¢ikisinda liretilen elektrik enerjisinden daha biiyiiktiir. Teoride
enerjinin korunumu bir kanun olarak kabul edilmis olsa da (Dinger, 2022) pratikte enerji
doniisiimlerinde 1s1 kaynakli enerji kayiplarinin olmamast miimkiin degildir. Diger taraftan santralin
isletme sartlari, santrallerde kullanilan malzemelerin yapisi, iinitelerde olusan kavitasyon, vorteks gibi
olaylar santrallerde enerji kayiplarinin olusmasina ve kayiplarin zamanla artmasima sebep olmaktadir.
Bu nedenle kayiplari minimize etmek, santralin Omriinii uzatip verimliligini koruyabilmek igin
santrallerde diizenli bakim ve revizyon galismalari yapilmaktadir (Ozbek, 2022).

Ulkemizde ilk elektrik iiretimi 1902 yilinda insa edilen 2 MW giiciindeki su tiirbini ile
olugmustur (Erol, 2007). Glinlimiizde Tiirkiye’de irili ufakli 744 adet HES bulunmaktadir ve bunlarmn
toplam kurulu giicii 2022 yili itibari ile 31498 MW’tir. Bu kurulu gii¢ degeri ile tilkemiz, Diinyada 9,
Avrupa’da ise 2. sirada yer almaktadir (AA, 2021; GENSED, 2022). Kamuya ait santrallerin bagl
oldugu Elektrik Uretim A.S.’nin (EUAS) biinyesinde 2022 yil1 itibari ile toplam 48 tane hidroelektrik
santrali bulunmakta ve bu santrallerin Tiirkiye HES kurulu gii¢ icerisindeki pay1 14003 MW'tir. Bu da
iilkemizdeki toplam HES kurulu giiciin yaklasik %44.5’e denk gelmektedir (EUAS, 2022).
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Hidroelektrik santralleri genellikle 50-100 yil arasinda calisacak sekilde insa edilir. Santrallerin
yaslarina bagl olarak techizatlarinda zamanla metal yorgunlugu, yipranma gibi olumsuzluklar meydana
gelmektedir. Ulkemizde de &zellikle kamuya bagli santraller incelendiginde, yaslarmin ¢ok biiyiik
oldugu goriilmektedir. Tiirkiye’nin 2 405 MW kurulu giicii ile en biiyiik santrali olan Atatiirck HES’in
yast 30 iken, ondan sonra gelen 1 800 MW kurulu giiciindeki Karakaya HES’in yas1 35, 1 330 MW
kurulu giiciindeki KEBAN HES’in yas1 48, 702.55 MW kurulu giiclindeki Altunkaya HES’in yas1 35°tir.
EUAS’a bagl santrallerin yaris1 30 yagindan biiyiiktiir ve bu oran 8 302.55 MW’lik bir kurulu giice,
yani toplam Tiirkiye HES kurulu giiciiniin %26.3’iine tekabiil etmektedir (Ozbek & Riistemli, 2022a).
Tiirkiye’nin hidrolik potansiyelinin yaklasik %60'm1 enerji iiretiminde gerceklestirdigi diigiiniildiigiinde
(DSI, 2020), enerji talebinin karsilanmasi, enerjide disa bagimliligin azalmasi ve siirdiiriilebilir enerji
politikalar1 baglaminda mevcut santrallerin verimliliklerinin korunmasinin ne kadar 6nemli oldugu daha
iyi anlagilacaktir.

Hidroelektrik santrallerinde gergeklesen kayiplari genel hatlariyla su alma agz1 yapilarindaki
kayiplar, tirbin ve tiirbin bilesenlerindeki kayiplar, generatér kayiplari, salt ve diger elektrik
tesislerindeki kayiplar seklinde smiflandirabiliriz (Kafali, 2020). Bunlar i¢inde kayiplarin en fazla
gergeklestigi ve santral verimliliginin diismesinde daha g¢ok etkisi olan kisim tiirbin ve tiirbin
bilesenleridir. Kavitasyon, vorteks, tortu erozyonu, vibrasyon, korozyon gibi bircok olay nedeni ile
tiirbinlerde ve diger bilesenlerinde siingerlesme, asinma, delinme, kirilma, ¢atlama gibi problemler
gergeklesmektedir (Gogiis ve ark., 2013; Thapa ve ark., 2015; Gogebakan, 2019). Diger taraftan
hidroelektrik santralleri sebeke kararsizliklarinin giderilmesi, dengeleme, sebekeyi ani ve hizli bir
sekilde besleme caligsmalar1 gibi nedenlerle normal igletme programi disinda sik sik devreye alinip
cikarilmak, yiik alip-vermek, acil durdurmaya gitmek gibi manevralara zorlanabilmektedirler. Bu
calisma kosullar1 da tiirbinlerde ¢esitli hidrolik kararsizliklarin olusmasina sebebiyet vermektedir.
Ozellikle kismi yiik ve asir1 yiik gibi tasarim dis1 islemler vorteks, kavitasyon gibi olaylar1 artirarak,
iinitelerde yiiksek ve diisiik frekansl basing dalgalanmalarina, generator-tiirbin balans bozukluklarina
veya vibrasyona neden olmaktadir (Goyal & Gandhi, 2018).

Cesitli nedenler ile performans kayiplar1 yasayan santrallerde verimliligi artiracak biiyiik
rehabilitasyon calismalar1 yapilmaktadir. Bu calismalarla santral verimliligi optimum seviyeye
getirilmek istenmektedir. EUAS biinyesinde 2007 yilinda yapilan bir ¢alismada santrallerde verimlilik
artigt analizleri yapilmig ve yapilacak dogru miidahaleler ile performans kaybina ugramis olan
tirbinlerin verimliliklerinin %0.7-%6 arasinda arttirilabilecegi goriilmiistiir. Elbette dogru bir
calismanin yapilabilmesi igin santral teghizatinin mevcut durumunun bilinmesi ve iyi analiz edilmesi
gerekmektedir (Sav, 2010).

Bu ¢alismada, 2012 yilinda EUAS'a bagli olarak devreye alinan, Dikey Francis tipi reaksiyoner
tiirbinlerinden olusan dort iiniteye sahip ve baraj tipi santral olan Alpaslan-1 HES’in bir iinitesinde
yapilan performans testleri ile tiirbinin ve santralin mevcut durumu incelenmistir. Uzerinde verim izleme
sistemi (VIS) kurulmus olan iinite-3’te yapilan testlerde, boya seyreltme (dye dilution) metodu
kullanilarak dogrudan debi ol¢timleri gerceklestirilmis, bu metot ile farkli ayar kanatlarinda mutlak
testler yapilarak tiirbinin, generatdriin, initenin ve santralin mevcut verimliligi tespit edilmistir.

Verimlilik testlerinde, {initenin debisinin dl¢iilmesi ve bu 6l¢lim i¢in kullanilacak olan metodun
belirlenmesi en dnemli kriterlerdendir. Debi 6l¢iim metotlari, dogrudan 6l¢iim metotlart ve bagil dl¢giim
metotlar1 olmak iizere iki ana gruba ayrilirlar. Mutlak testlerde dogrudan debi dl¢iimii yapilirken, endeks
testlerinde ise mutlak testlerde Olciilen debi ve salyangozdaki Winter-Kennedy tapalarindan 6lgiilen
diferansiyel basing (DP) kullanilarak bagil debi hesaplamasi yapilir. Alpaslan-1 HES’te dogrudan bir
debi 6l¢lim yontemi olan boya seyreltme metodu kullanilarak yapilan performans testlerinin yani sira
bagil bir debi hesaplama yontemi olan Winter-Kennedy metodu kullanilarak da performans testleri
yapildi. Dogrudan debi 6l¢iimiinde bulunan debi degeri, Winter-Kennedy akis sabitinin bulunmasinda
kullanild1 (Ozbek & Riistemli, 2022a). Yapilan bu calismalarla, iki ayr1 metot kullamlarak yapilan
performans testlerinin sonuglarinin kiyaslanmasi yapildi. Her iki testte de benzer sonuglar elde edildi ve
tiirbinde tasarim degerine gore %3,5’lik bir verimlilik kaybinin oldugu gorildii.

1.1. Boya seyreltme metodu ile debi dl¢iimii

Yiizey veya yer alt1 sularinda, kapali veya agik kanallarda akis halinde olan suyun debisinin
belirlenmesinde dogal ve yapay olmak iizere iki ¢esit izleme teknigi (tracers) kullanilir. Suyun igerisinde
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kendiliginden bulunan mikroorganizmalar, iyonlar ve ¢evresel izotoplarin izlenmesi ile debi Sl¢timii
yapilmasi, dogal izleme tekniginde. Yapay izleme tekniginde ise izlenecek veya Olgiilecek sisteme
disaridan, harici olarak izleyici verilmektedir.

Yapay izleyicilerin genel 6zellikleri su sekildedir (Dogdu & Yigitler, 2010);

Zehirli etkisi olmadigi igin ¢evreye, insanlara ve diger canlilara zarar vermezler.

Suda kolaylikla ¢oziinebilirler.

Su ile hizl1 bir sekilde ve yiiksek oranlarda karisim gosterebilirler.

Su igerisinde higbir sekilde kendiliginden bulunmazlar. Caligmalar i¢in disaridan yapay olarak
suya karigtirilmalar1 gerekir.

Su igerisindeki yogunluklari, milyarda bir mertebesinde dahi olsa kolayca tespit edilebilirler.

e Suigerisinde dogal olarak bulunan diger iyonlarla herhangi bir tepkimeye girmezler. Boylelikle
kimyasal tepkimeler neticesinde olusan ¢okmeler, burada ger¢eklesmemektedir. Buna bagl
olarakta debi 6l¢limlerinde yogunluktan kaynakli kayiplar meydana gelmez.

e Su igerisinde bulunan tortular, mineraller vs. gibi kiigiik partikiiller tarafindan da tutulamazlar.
Idealde bu 6zellige sahip olacak sekilde imal edilse de pratikte dikkate alinmayacak oranlarda
kayiplarin olusma ihtimali vardir.

Yapay izleyici metotla debi Ol¢iimii daha c¢ok bazi 6zel boyalar ve tuzlar araciligr ile
yapilmaktadir. Debi dl¢limiinde izleyici olarak 6zel boyanin kullanildigi metoda boya seyreltme metodu
(dye dilution metot) denilmektedir. Bu metot, 6l¢iimlerin basit ekipmanlar ile kolay bir sekilde
yapilabilmesi, karmagik olmayan uygulamasi ve dlgtimlerin belirsizlik degerinin diisiik olmasi nedeni
ile sikga tercih edilen bir metottur.

1.1.1. Ol¢iimlerde kullanilan ekipmanlar

Floseran Bova ve Rhodamine-WT: Floresan boyalar, parlak veya pariltili yapiya sahip
boyalardir. Parlakliklarinin ortaya ¢ikmasi i¢in uzun dalga ultraviyole 1sinlarina veya mavi viyola
1sinlarina tutulmalar gerekmektedir. Genis bir spektrumda pigment sunan bu boyalar, yansittiklar veya
yaydiklart 1sgimnlar ile kolayca fark edilebilirler. Cesitli amaglar i¢in kullanilan birgok floresan boya
vardir. Boya seyretme metodu ile debi Olgtimiinde kullanilan floresans boya, 6zel olarak {iretilmis
Rhodamine-WT (Rodamin) boyasidir. Boya-su karigimi bir 6rnekte, boyanin yogunlugu sudaki boyanin
floresan seviyesi ile dogru orantilidir ve boya milyon parcacik seviyesinde (PPB) tespit edilebilir.

Sabit Sicaklik Banyosu: Rhodamine WT boyasinin floresan seviyesi sicaklik degisimine son
derece duyarlidir ve sicaklikla ters orantili olarak santigrat derece bagina yaklasik %2.6 oraninda seviye
degisim yasanabilir. Boya testinde, test numuneleri ile test i¢in hazirlanan standart ¢ozeltiler analiz
asamasinda ayni sicaklikta olmalidir. Bu deger iki numunenin florometrik analizden 6nce daldirildig
sabit sicaklik banyosu ile saglanir (Liang & Richardson, 1969).

Enjeksivon Pompasi: Boya enjeksiyonu su alma agzinda, cebri boru girisinden yapilmaktadir.
Burada enjekte edilen boya cozeltisinin konsantrasyon degeri ve miktar1 bilinmektedir. Bu boya
¢Ozeltisinin sabit hiz ve oranda enjekte edilmesi igin sabit deplasmanli pompalar kullanilmaktadir. Bu
pompalar enjeksiyon sirasinda olusan basing degisiminden etkilenmeksizin sabit bir akista boya
¢ozeltisinin suya karisimini saglamaktadir.

Florometre: Boya seyreltme yonteminde, boyanin floresan seviyesini analiz eden alete
fluorometer (florometre) denilmektedir. Boya-su ¢ozeltisinde floresansin yani boyanin siddetinin
belirlenmesinde kullanilan bu cihaz, 6ncelikle hazirlanan standart ¢ozeltilerle kalibre edilerek boyaya
ait optimal araliklarin belirlenmesini saglanir. Ayrica bu cihaz, numune alma noktasinda, boya
¢Ozeltisinin gegtigi an1 yakalamak ve numune toplamak i¢in de kullanilir. Biitiin floresan boyalarin farkli
seviyelerde uyarilma ve yayilma dalga boylar1 (A) vardir ve bundan dolay: da suya farkli renk verirler.
Boya seyreltme metodunda kullanilan ve suya kirmizi renk veren rodamin WT boyas1 558 nm uyarilma,
583 nm yayilma dalga boylarina sahip oldugu i¢in su-boya ¢ozeltisindeki 151k siddeti florometre cihazi
ile rahatlikla 6l¢iilebilmektedir. Florometre cihazinda 6lgiilen 15181n bagil siddeti, boya-su karigimindaki
boyanin yogunlugunu, dolayisi ile boyanin miktarini belirler. Isik siddeti ne kadar fazla ise boyanin
miktar1 da o kadar fazladir. Standart ¢ozeltilere gore hazirlanmis tipik bir yogunluk-boya siddeti grafigi
Sekil 1°de sunulmustur (Dogdu & Yigitler, 2010).
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Sekil 1. Boya siddeti-boya derisimi florometre okumalar1 (Dogdu & Yigitler, 2010).

1.1.2. Ol¢iim standartlari ve yapilan hesaplamalar

Enjeksivon Cézeltisinin Hazirlanmasi: Bu metodun temel denklemi asagidaki gibidir;

Q1C; = Q2C; (1)

Burada;
Qq: Enjekte edilen boya ¢ozeltisinin debisi
C;: Enjekte edilen boya ¢6zeltisinin konsantrasyonu
Q,: Belirlenecek olan debi
C,: Su akisi igerisindeki boya-su karigiminin konsantrasyonu

Teoride, enjeksiyon igin herhangi bir boya ¢o6zeltisi konsantrasyonu kullanilabilir. Ancak
uygulamada, florometre i¢in iyi ¢aligma aralig1 yaklasik 5-10 ppb’lik bir konsantrasyondur. Enjeksiyon
cozeltisi, sisteme enjeksiyondan sonra ¢ozeltinin nihai konsantrasyonunu yaklasik 5-10 ppb olacak
sekilde hazirlanir. Cozelti, Rhodamine WT boyasinin sistemden test edilen suyla seyreltilmesi ile
hazirlanir. Klorlu olmasi nedeni ile musluk suyu ve bagska bir yerden alinmis su, ¢6zelti hazirlandiginda
kullanilmaz. Seyreltme su sekilde hesaplanir (Cyrenne, 2002);

C = Cz% (2)

C; : Enjeksiyon ¢ozeltisi konsantrasyonu (ppb)

C, : Enjeksiyondan sonra istenen konsantrasyon (5-10ppb, ug/L)
Q : Enjeksiyon ¢ozeltisi debisi (litre/sn)

Q, : Olgiilmekte olan beklenen debi (litre/sn)

Test Numunesinin Toplanmasi: Debi 6l¢limii i¢in alinacak test numunesinin toplandigi mesafe,
bu metotta 6nemli bir kriterdir. Ol¢iimlerin dogru sonuglar vermesi i¢in numune, standartlara gore
belirlenmis olan bir mesafeden ve boya ¢ozeltisinin su ile yeteri kadar karistig1 bir noktadan alinmalidir.
Numune alimi i¢in florometre cihaz siirekli akis izleme modunda tutularak cebri boruya bir sensor/tapa
araciligl ile baglanir. Suya tam karigmis halde bulunan boya-su karigimi ¢ozelti, sensoriin/basing
tapasiin oldugu bolgeden gecmeye bagladiginda florometre cihazi uyari vermeye baslar. Bdylece boya
¢ozeltisinin 6rnek alma noktasindan ne zaman gectigi ve numunenin ne zaman alimmasi gerektigi
belirlenir (Ozbek & Riistemli, 2022b). Enjekte edilen boya ¢dzeltisi, numune alma noktasindan
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gectiginde florometrenin sinyal ¢ikisina baglanan grafik/veri kaydedicide floresan seviyesinde bir artig
gbzlenir. Bu artis bilgisayarda (PC) anlik olarak izlenebilir. Boya seviyesi, tek tip boya
konsantrasyonunu gosteren bir platoda stabilize hale geldiginde, homojen bir karisim halinin olustugu
anlasilir. Bu anlarda 6rnekleme testi i¢in su-boya karigimi numune kabi ile alinir. Boya ¢dzeltisinin
florometreden izlenisi ve 6rnek toplama islemi Sekil 3’te gdsterilmistir.

Standart Cozeltilerin Hazirlanmasi: Standart ¢ozeltiler/soliisyonlar ideal haliyle laboratuvarda
hazirlanir. Saha dl¢timlerinde beklenen konsantrasyonlarda bir ¢6zeltinin benzeri, ¢aligmanin yapilacagi
sahanin sartlar1 saglanarak seyreltme islemi ile yapilir. Her akisa uygun bir standart ¢ozelti hazirlanir ve
bu ¢ozeltide kullanilan su, test edilen sistemden alinir. Boylece test numuneleri ile ayni bulaniklik, ph
vb. degerlerine sahip su kullanilarak 6lglimlerde hata yapilmamis olunur. Ancak pratikte, standart ¢ozelti
sahada da ayarlanabilmektedir. Standartlar1 hazirlamak i¢in kullanilan seyreltme faktorii (dilution
factor) asagidaki gibidir.

_Q&

DF =
Q:

3)

Burada; Q4: Enjeksiyon boyasinin debisi,
Q,: Olgiilecek debi

Bu faktor birka¢ milyon mertebesinde ¢ok biiyiik 6l¢ekli oldugundan, standart ¢ozeltiler seri
seyreltme yontemi kullanilarak yogunluklar disiiriiliir. Genellikle ardigik dort seyretme yapilir.

Analizlerin Yapimasi: Test 6rnekleri ve standart ¢ozeltiler tiim sicakliklar dengelenene kadar
sicaklik esitleme banyosunda saklanir. Analizlerde, dncelikle florometrenin dogru sonuglar vermesi igin
cihazin kalibre ayarlarinin yapilmasi gerekmektedir. Bunun i¢in daha dncesinde, bilinen miktarda ve
bilinen konsantrasyonda hazirlanmig olan standart c¢ozeltiler kullanilir.  Standart ¢ozeltilerin
kullanilmasi ile boya siddeti-konsantrasyon grafigi olusturulur. Kalibre ayarlari yapildiktan sonra
florometre cihazi ile test esnasinda toplanan 6rnek boya ¢ozeltilerinin floresan seviyeleri, dolayist ile
ornek c¢ozeltinin/¢ozeltilerin konsantrasyonlari Slgiiliir. Bu iglemlere florometrik analiz denir. Elde
edilen degerler kullanilarak cebri borudan gegen suyun debisi Olgilir. Florometrik analiz igin
olusturulan diizenek Sekil 2’de gosterilmistir (Cyrenne, 2002).

Termometre
Sabit Sicakhk
Kiivet Kapih Banyosu
Florometre (numune&standart)

J9 POO00T |
i #

Sirkiilasyon
1 Pompasi

—_—

Sekil 2. Florometrik analiz uygulama semasi (Cyrenne, 2002).
1.2. Hidroelektrik santrallerinde boya seyreltme metodunun uygulama sematigi

Boya seyreltme metodu kullanilarak hidroelektrik santrallerinde debi 6lgiimiiniin yapilmasin
genel hatlan ile gosteren sema, testler sirasinda florometrenin kullanilma sekli ve boya ¢ozeltisi
numunesinin alim1 esnasinda sabit plato bolgesinin olusumunun grafiksel gosterimi Sekil 3’te verilmistir
(Cyrenne, 2002; Pant ve ark., 2017). Bu yontemin hidrolik santrallerde sec¢ilmesinde en onemli kriter
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cebri boru uzunlugudur. Boya ¢ozeltisinin yeteri kadar su ile karigimimin saglanmasi i¢in yeterli
mesafede akisinin olmasi gerekmektedir (EUAS, 2020).

™ = e Boya Cozeltisi
Cebri Boru

Floremetre

Veri Toplama Sistemi

. Alis Sensdri - -rLI Rt v — l
izleyici / Boya Cozeltisi | Py l ‘_'fi o
!

-

[ |
l s
1 tl] Kesintisiz Debi Als
[ ] Ornek
. (k)
|
1
: PC
Pompa i VE:_Ttl:)pla_ma
istemi
Cbzeltinin Enjeksiyonu 1 —
Floremetre §
q.Cy
@ == Akig Sensdri
— Sabit Plato Bdlgesi
Co —
Debi, Q ﬁ Q+q _
g2 e,
. 52
Cebri Boru E B
=3
x £
E =
S
N\
LY o
r
Ornek Cozeltinin Alimi, C, Zaman

(a)

ekil 3. (a) Hidroelektrik santrallerinde boya seyreltme metodunu kullanarak debi dl¢limii yapilamasini

Sekil 3 Hidroelektrik llerinde b 1 dunu kull k debi dl¢iimii 1
gosteren sema (Cyrenne, 2002; Pant ve ark., 2017), (b) Florometrenin 6l¢iimlerde kullanilma
sekli (Cyrenne, 2002).

Bu metot hidroelektrik santrallerinde uygulanirken kullanilan boyanin debisi, belirli bir siire
boyunca enjekte edilen boya ¢ozeltisi miktarinin hassas bir terazi ile tartilmasiyla veya boya ¢ozeltisinin
bulundugu kavanozdaki hacim degisikliginin kaydedilmesi ile 6lgiilebilir.

Buna gore denklem asagidaki gibidir (Kulin & Compton, 1975; USDA, 1997; Chang, 2003);

qCy +QCo = (Q + @)C; 4)

Bdylece santral debisinin 6l¢limii i¢in kullanilacak denklem;

SCE)

seklinde olur (Liang & Richardson, 1969; Muthukumar ve ark., 2010).

Burada
q : Enjekte edilen boya ¢ozeltisinin debisi
Q : Olgiilecek debi
C;: Enjekte edilen boya ¢6zeltisinin konsantrasyonu
C,: Ornekleme noktasinda alinan boya-su karistminin konsantrasyonu

Co: Boya ¢ozeltisinin dogal sudaki baslangic/arka plan konsantrasyonu (Muthukumar ve ark.,
2010);
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4 nolu denklemde, C; >>>> C, olduguigin €y degeri ihmal edildiginde, enjekte edilecek boya
¢Ozeltisinin konsantrasyonu, asagidaki formiil ile hesaplanabilir.

Q+q)

C, =
! q

) (6)

4 nolu denklemde, Q>>>>q oldugundan Q+q=~Q olarak kabul edildiginde, test i¢in cebri
borudan enjekte edilecek boyanin miktar1 asagidaki denklem ile bulunur (Pant ve ark., 2017).

a4=0Q¢ ™)
veya

a4=Qg ®)
Burada;

C,, c: Enjekte edilecek boya ¢ozeltisinin istenilen konsantrasyonu
C;, C: Seyreltilecek boya ¢ozeltisinin bilinen konsantrasyonu

Cozeltinin  konsantrasyonunun ve miktarimin belirlenmesi i¢in yapilan hesaplamalarda
kullanilan Q degeri, cebri borudan gegen ve santralin kurulu giiciiniin belirlenmesinde kullanilan
nominal debi degeridir. IEC41 standartlarina gore ise hesaplamalarda kullanilmak {izere, karisim sonrasi
istenilen nihai boya ¢dzeltisi konsantrasyonunun 5-10 pg/L olmas1 gerekmektedir (EUAS, 2020).

2. Materyal ve Yontem

Alpaslan-1 Hidroelektrik Santrali (HES) Murat Nehri iizerinde kurulmus ve 2012 yilinda enerji
iretimine baglamistir. Santral, Mus’un 50 km kuzeydogusunda yer almaktadir ve T.C. Enerji ve Tabi
Kaynaklar Bakanligi1 Elektrik Uretim A.S. biinyesinde faaliyetlerini yiiriitmektedir. Santralde her biri
45 MVA giiciinde olan dort {inite bulunmaktadir. Uniteler dikey Francis tiirbin-generator tipindedir.
Generatorlerin {iretim tarihi 2004 iken, tiirbinlerin {iretim tarihi 2005'tir. Alpaslan-1 HES, baraj tipi
depolamal1 santraller sinifindandir. Santral yar1 batik, orta diisiilii olarak yapilmistir. Barajin toplam
yagis alani yaklagik olarak 15 460 km?, toplam g6l hacmi ise yaklasik 3 milyar m? seviyesindedir.

Santrale ait salt sahas1 154 kV gerilime uyumlu ¢ift bara sistemine gore tasarlanmistir. Salt
sahasi ¢ikisinda, farkli yerlerdeki TEIAS trafo merkezlerini besleyen 3 adet 154 kV enerji iletim hatt1
mevcuttur. Santralde iki adet iletim kanali-cebri boru mevcuttur. Bu cebri borular santrale giriste
pantolon tipine donmektedir. Su alma agzinda bulunan giris kapaklar1 ile santral girisindeki ayrilma
noktasi arasindaki mesafeye gore cebri borunun uzunlugu yaklasik olarak 270 m'dir (Enerji ve Tabi
Kaynaklar Bakanligi (ETKB, 2020). Alpaslan-1 HES’te 2015-2021 yillar1 arasinda iiretilen briit ve net
enerji miktarlar Cizelgel’de sunulmustur.

Cizelge 1. Alpaslan-1 HES iiretim degerleri (2015 -2021)

2015 2016 2017 2018 2019 2020 2021

Briit
Uretim 542 710.73 46213230 409 675.00 41957891  621768.80 483 099.80 392 413.100
(MWh)

Net
Uretim 538 030.19 445571.60 40543949 413 837.27 616 320.19 478 965.94 388 633.630
(MWh)
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Alpalsan-1 HES'in tiirbin ve senkron generator tasarim degerleri asagidaki gibidir.

Tiirbin

Generator
Tipi :Dikey Francis Tiirt :Cikrik kutuplu,
Nominal Giicii 14175 MW Kutup sayis1  : 12
Briit/Nominal Diisii = : 82.5m Cikis Gerilim : 13.8kV
Net Diisii :80.6 m Verim : %98.3
Nominal Tiirbin Debisi : 55.4 m*/s Nominal Cikis
Hiz :250d/d Glicii : 0.9 PF'de 45 MVA
Verim : %95.4

2.1. Performans testlerinin yapilmasi

Hidrolik tiirbin performans testleri 16 ve 20 Nisan 2019 tarihleri arasinda {inite-3’te

gerceklestirildi. Testlerin noktalari/siralamasi Cizelge 2°de gosterilmektedir (ETKB, 2020).

Cizelge 2. Testlerin noktalari/siralamast

Test Numarasi ~ Ayar Kanadi A¢ikligi (%) Generator Giicii (MW) Yorumlama

0b
3

8
10
Oc

0 0 Devre Dis1 Birakma Kontrolii
85.3 43 Boya Testi
95.1 46.4 Boya Testi
75 38 Boya Testi
65 30.7 Boya Testi
0.1 0 Devre Dig1 Birakma Kontrolii

2.2. Boya seyreltme metodu ile debi dl¢iimii ve performans testlerinin yapilmasi

Alpaslan-1 HES’te yapilan testlerde;

Cebri borudan enjekte edilen boya ¢ozeltisi miktari, ¢ozeltinin agirligi tartilarak belirlendi.
Yapay izleyici olarak hazirlanan boya ¢o6zeltisinde, yogunlugu sudan %10 daha yiiksek olan
Rhodamine WT floresan boya kullanildi.

Farkl1 ayar kanat acikliklarinda toplamda 4 defa testler gerceklestirildi. Testler %65-%95 ayar
kanat agikliklar arasinda yapildi. Ayar kanat acikliklar ile ilgili ayarlamalar santral kumanda
odasindan yonetildi.

Santraldeki testler, sabit enjeksiyon yolu kullanilarak testler yapildi. Testlerdeki Olgiimler
normal isletme araliginda gerceklestirildi.

Unitenin devreye almmasi, ¢ikarilmasi vs. gibi manevralar santral kontrol kumanda odasindan
yapildi. Testte verilerin toplanmas1 ve santral, iinite gibi diger verimliliklerin hesaplanmasi
islemleri iinite 3 te kurulu olan Verim izleme Sistemi (Efficiency Monitoring System (EMS))
kullanilarak gergeklestirildi.

2.2.1. Boya cozeltisinin enjekte edilmesi

Testlerde, boya ¢ozeltisinin enjeksiyonunun cebri borunun girisinden gerceklestirilebilmesi i¢in

sabit akigh dalgig tipi bir su pompas1 kullanildi. Pompa, boya ¢ozeltisi ile suyun 6n karigiminin olacagi
monifolda baraj rezervuar alanindaki suyun gonderilmesini saglayacak sekilde kuruldu. Sabit akish
dalgig tipi pompanin ¢ikisina 30 m uzunlugunda bir hortum yerlestirildi. Hortumun diger ucu ise 6n
karigimin gergeklesecegi monifolda baglandi. Daha sonra pompa kontrollii bir sekilde baraj rezervuar
seviyesinde suya daldirildi. Burada pompa ¢alistirilarak baraj gévdesindeki mevcut suyun monifolda
gonderilmesi ve boylece ilk karigimin gerceklestirilmesi saglandi. Bu yontem boya ¢ozeltisinin daha
hizl1 ve kontrollii karisimini saglamaktadir. Sabit akisli dalgig¢ tipi pompa, pompanin ucuna yerlestirilmis
olan hortum ve pompanin rezervuar alanindaki yerlesim yeri Sekil 4’te gosterilmistir (ETKB, 2020).
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(2) (b) (c)

Sekil 4. (a) Dalgig tipi pompa (EUAS, 2020), (b) Pompanin yerlesim yeri (ETKB, 2020), (c) Boya
enjeksiyon borular (ETKB, 2020).

Enjeksiyon monifoldunun giris u¢larindan biri baraj rezervuar alanindan su génderen dalgig tipi
pompaya bagl iken diger ucu boya ¢ozeltisinden gelen sabit akigh pompaya baglidir. Monifoldun ¢ikis
kisminda da iki adet u¢ vardir. Bu ¢ikislara cebri borunun merkezine kadar indirilecek olan hortumlar
baglandi. Her hortumun bagina enjeksiyon borulari yerlestirildi. Borularin boylar 1.5 m uzunlugundadir
ve ¢ozeltinin su ile iyice karismasi igin iizerinde bir¢ok nozul bulunmaktadir. Boya enjeksiyon borusu
Sekil 4’te gosterilmistir. Enjeksiyon borulari cebri boru girisine enerji kapaklarinin bulundugu yerden
gonderildi. Sekil 6(a)'da bu durum gosterilmistir.

Test baglamadan 6nce 1 L'lik bir deney balon jojesi icerisinde 1/3 oraninda rodamin boya, 2/3
oraninda su olacak sekilde karisim yapildi. Bu karigimda suyun yogunlugu 998 g/L, boyanin yogunlugu
ise 1 022 g/L olarak ol¢iildii. Boya enjeksiyon oranmin hassas olarak dl¢iilebilmesi i¢in 20 L’lik bir
boya ¢ozeltisi kab1 hazirland1 ve hassas bir tartiya oturtuldu. Kap icerisindeki boya ¢6zeltisi 6n karigimin
oldugu monifolda sabit akish bir pompa araciligi ile gonderildi. Hesaplamalarda kullanilan boya
enjeksiyon debisi, birim zamana oranla enjekte edilen boyanin agirliginin veya hacminin bilinmesi ile
hesaplanmaktadir. Bu nedenle gdzlem istasyonunda tarti {izerinde bulunan ¢oézelti degeri, test
asamasinda siirekli bir sekilde takip edildi. Cebri boru girisine enjekte edilen boya cozeltisinin
enjeksiyonunu izlemek i¢in kurulan istasyon ve ¢ozeltinin sabit debide enjekte edilmesinde kullanilan
yontem Sekil 5°de gosterilmistir (ETKB, 2020).

(a) (b)
Sekil 5. (a) Boya ¢ozeltisi enjeksiyonu izleme istasyonu, (b) Boya ¢ozeltisi enjeksiyonu (ETKB, 2020).
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2.2.2. Boya ¢ozeltisi 6rneklerinin toplanmasi

Santraldeki mevcut diizende, cebri boru girisi ile pantolon kismina kadar olan mesafe yaklasik
270 m’dir. Boya seyreltme metodunda ¢ozeltinin karsimi i¢in bu mesafe, yeterli bir uzunluk olarak
degerlendirilmistir.

Genel bir tasarim modeli olarak, santrallerin kurulum asamasinda, salyangozun giris kismina
aralarinda 90 derecelik ag¢1 bulunacak sekilde 4 adet basing tapasi yerlestirilmektedir. Bu tapalardan
cekilen hortumlar bir kolektdr yardimi ile basing sensorlerine baglanmaktadir. Bu sensor salyangoz
girisindeki basing degerini bar seviyesinde lgmektedir. Olciilen bu deger, verim izleme sitemi igin,
ozellikle de net diisiiniin hesaplanmasinda kullanilmaktadir. Salyangoz girisinde basing tapalarmin
olmadigr eski santrallerde ise, daha sonra yapilan calismalar ile bu tapalar yerlestirilebilmektedir.
Salyangozun girigine yerlestirilmis tapalar araciligi ile salyangoz girisindeki basinci 6l¢en sensér, iinite-
3 iizerinde kurulmus olan verim izleme sistemine ait pano, numun e alma istasyonu (ETKB, 2020), boya
¢ozeltisinin enjeksiyon noktasi ve numune toplama yeri (Ozbek, 2022) Sekil 6°de gosterilmistir.

Boya Cozeltisinin Hortum Araciligi ile
Enjekte Edildigi Yer: Cebri Boru Girisi
q,Cy

e Boya Gozeltisi Numunesi Toplama
Yeri: Salyangoz Girisi
C;

Sekil 6. (a) Boya ¢ozeltisinin enjeksiyon noktasi ve toplanma yerinin gdsterimi (Ozbek, 2022), (b) Verim
izleme sistemi panosu (1), basing dl¢lim sensorleri (2), numune toplama istasyonu (3) (ETKB,
2020).

Boya testlerinde salyangozun girisinde bulunan basing tapalari kullanilarak hem rodamin-wt
floresan boyanin gecisi izlendi, hem de olgiimlerde kullanilmak iizere 0rnek ¢ozeltiler bu tapalar
iizerinden toplandi. Testler esnasinda, florometre cihazi salyangoz girisindeki tapalardan gelen
hortumlara baglandi ve test baslamadan 6nce cihaz siirekli akis izleme modunda g¢alisacak sekilde
ayarlandi. Verilerin anlik ve gercek zamanli izlenebilmesi igin bir PC kullamldi. ilk etapta suyun
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icerisindeki floresan seviyesinde bir artisin meydana geldigi gozlemlendi. Ilerleyen dakikalarda, bu
floresan seviyesinin sabit bir platoya ulastigi goriildii. Sabit platonun olusmasi boya ¢dzeltisinin su
icerinde tam bir karigima girdigini gosterdigi i¢in bu anlarda debi Olclimiinde kullamilacak olan
numuneler alinmaya baglandi. Yaklasik 2 dakika icerisinde 8 sise numune alindi. Daha sonra sudaki
floresan seviyesinin diismeye basladigi gozlemlendi. Floresan seviyesindeki diisiisiin baglamasi ile
numune alimi durduruldu. Nihayetinde floresan boya ¢dzeltisinin suyun igerisindeki karigiminin
tamamen bittigi goriildii. Florometre cihazi bu asamada sadece sudaki floresans1 yani boya ¢ozeltisini
tespit etmek ve numune alinacak olan ani belirlemek i¢in kullanilmistir.

2.2.3. Boya cozeltisi 6rneklerinin analizi

Toplanan 6rneklerin konsantrasyonlarinin karsilastirmali bir analiz ile tespit edilmesi igin
florometrik analiz gergeklestirildi. Alinan &rneklerin sicakliginin, daha Once hazirlanan standart
cozeltiler ile ayn1 seviyede olmasi i¢in 6rnek ve standart ¢ozeltiler sicaklik banyosu kabina yerlestirildi.
Testlerden 6nce ve sonra alinan enjeksiyon soliisyonu drnekleri kullanilarak iki grup halinde bagimsiz
olarak standart soliisyonlar hazirlandi. Bu soliisyon bilinen miktarda ve bilinen seviyede boya (floresan)
icermektedir. Standartlar kullanilarak florometre cihazt kalibre edildi. Daha sonra ise
konsantrasyonlarini belirlemek iizere salyangoz girisinden alinan 6rnek boya-su karisimi ¢ozeltilerinin
analizleri yapildi.

2.3. Verim izleme sistemindeki hesaplamalarda kullanilan dl¢iimler

G6l_Suyu Seviyesi Olciimii: Gol seviyesi kotunu belirlemek icin santralin kurulumunda
yerlestirilmis olan cihaz kullanildu.

Tiirbin Giris Basinci Olgiimii: Tiirbin giris basinci, tiirbin girisindeki dort basing piezometre
hattina baglanmis olan EMS basinca duyarli manifolda 6l¢iildii. EMS basing sensoriine yedek olarak,
Hatch, 200-psi basinca kalibre edilmis bir gegici transdiiser kullanildi.

Kuyruk Suyu Sevivesi Olgiimii: Daldirilabilir tipi seviye sensorii kullanilarak, kuyruk suyu
seviyesi Ol¢iildii.

Ayar Kanadi Pozisyon Olciimii: Her test igin verim 6lgiim sistemi ile hiz regiilatérii kontrol
panosunda bulunan panelden gergek zamanli ayar kanadi verileri alindi. Bu iki deger arasinda uygunluk
goriildi.

Cikis Giicti Olciimii: Her test igin verimlik izleme siteminden alinan degerler ile hiz regiilatorii
panosu panelinden alinan degerler kaydedildi. iki deger arasinda uygunluk gériildii.

Debi Olciimii: Tiirbin debisi, boya seyreltme yontemi kullanilarak 6lgiildii.

Winter-Kennedy Diferansivel Fark Basin¢ Olciimii: Boya testlerinde bu deger kullanilmamustir.
Verim Izleme Sisteminde endeks testleri ile debi hesaplanmasinda gerekli olan bir dlgiimdiir. Verilerin
alindigi sensorlerin yerleri sema Sekil 7°de verilmistir (Westermann, 2021).

P‘: =4 _1‘
Girig Basing E = : [j Fark Basing
u i {I : - . .
TransdUseri X ; DAQ + prns, TransdUseri
\“J,.‘ > " " Exsitatrice » x'/. , ’—:-.
s S S Florometre e
Srupe oo stmentacion 4! e
= i % Kuyruk Suyu
2050 > | Transdseri
o { T RO S e -
21
B
— A0 |
)2

Servomotor Lineer
Transduseri

smmmew mm amesiw =n srezios
Parm walvelm maripesa
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Sekil 7.Verilerin alindig1 sensorlerin yerlerini gosteren sema (Westermann, 2021).
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Cikis sinyalleri, LabView yazilimini kullanan bir veri toplama programinin ¢alistigi diziistii
bilgisayara bagli bir analog-dijital doniistiriicii kullanilarak elektronik olarak kaydedilmistir. Veriler 10
Hz hizda yaklagik 12 saniye boyunca orneklenmistir. Daha sonra test parametreleri hesab1 igin bu
verilerin ortalamas1 alinmistir. Testlerde kullanilan veri toplama cihazi (DAQ), biri sekiz 20-mA kanalli,

digeri 32 £200-mV kanalli iki harici 16-bit analog-dijital modiilden olusmaktadir.

3. Bulgular

Alpaslan-1 HES’te {inite-3’te yapilan her boya testinde, salyangoz girisinden her seferinde 8
tane kap olacak sekilde alman boya-su karisimi numunelerinin tamami florometrik analizlere tabi
tutuldu. Santralin debisinin 6l¢glimii i¢in yapilan ilk testte alinmis olan boya ¢odzeltisi numunelerinin
analiz sonuglar1 ve debi 6l¢timii Cizelge 3’te verilmistir (ETKB, 2020).

Cizelge 3. Ilk teste ait boya ¢dzeltisinin florometrik analizi ve debi dl¢iimii (ETKB, 2020)

Test Alpaslan-1 HES Unite 3 /Boya Seyreltme Metodu ile Tiirbin Debi Olgiimii
Analiz Tarihi 19-20 Nisan 2019
Kalibrasyon Standard1 6.22 ug/L
. Florometre *Kalibrasyon **Net
Numune Konum 2:31121111 Okumalari (Solg;khk Diizeltmesi Okuma Notlar
(ug/L) (ug/L) (ug/L)

Standart ik 6.35
Standartlar I¢in Kullanilan Su 0.25

D/s arka plani 0.25
1 S/C Giris Muslugu 4  08:15  4.08 1870 0.981 4.00 ?gsll'g‘ma
2 S/C Giris Muslugu 4 08:17 4.09 18.70 0.982 4.02
3 S/C Giris Muslugu 4 08:18 4.08 18.60 0.983 4.01
4 S/C Giris Muslugu 4 08:19 4.15 18.60 0.984 4.08
5 S/C Giris Muslugu 4 08:21 3.68 1870 0.985 363 Avkn

Deger

6 S/C Giris Muslugu 4 08:22 3.93 18.70 0.987 3.88
7 S/C Girig Muslugu 4 08:24 4.13 18.70 0.988 4.08
8 S/C Girig Muslugu 4 08:27 4.19 18.60 0.989 4.14
Standart Son 08:29 6.29 18.90

Ortalama Konsantrasyon 4.03 ug/L

%395 Giiven Seviyesinde 0.08 ug/L

Giiven Araligi/Ortalama

*Standarda gore kalibrasyon diizeltmesi

**Net Okuma = (Florometre okumasi x Kalibrasyon diizeltmesi) + Musluk suyu - D/S arka plan

Debi Hesabi
q= 245.63 mL/min +/- 0.50 %
= 5.6500E+07 ug/L
c= 4.03 ug/L +/-
Q= 2028.1 cfs +/- 1.99 %
57.45 m?/s
Enjeksiyon Cozeltisinin Yogunlugu 1.0220

Boya seyreltme metodu ile kullanilarak yapilan tetslerde elde edilen 6rnek ¢ozeltilerin analizi
ile tiirbin debisi 57.45 m%/s olarak olgiildii. Testlerde, kalibrasyon i¢in kullanilan standart ¢dzeltinin
yogunlugu 6.22 ug/L olarak alind1 ve 6rnek ¢ozeltinin yogunlugunun ortalama degeri 4.03 ugl/L olarak

bulundu. Numune ve standart ¢6zeltilerin sicakliklar yaklasik 19 °C de tutulmustur.
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Unite-3’te boya seyreltme metodu kullamilarak yapilan performans testlerinin sonuglar1 Sekil
8’de gosterilmistir (ETKB, 2020).

Blh 8BS
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Sekil 8.Test sonuglar1 (ETKB, 2020).

Tablodaki siitunlarda belirtilen degerlerin hesaplamalar1 asagida gosterilmistir;
1. Ayar kanad1 (servomotor) agikligi (%).
2. Memba su seviyesi (m).
3. Tiirbin girisindeki musluklarin statik diisiisii, tiirbin girisindeki EMS basing ile 6l¢iilmiistiir (m).
4. Tirbin giris musluklarindaki hiz diisiisii, tlirbin desarji ve en kesit alan1 kullanilarak
hesaplanmistir (m),
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VZ/2g 9

5. Tiirbin girisindeki musluklardaki enerji ¢izgisi (m) = (T3) + (T4).

6. Emme borusu ¢ikisindaki statik diisii (m), elle mezura daldirilarak 6l¢iilmiistiir.

7. Emme borusu ¢ikisindaki hiz diisiisii, tiirbin desarji ve en kesit alani kullanilarak hesaplanmigtir
(m).

8. Emme borusu ¢ikisindaki enerji ¢izgisi (m) = (T6) + (T7).

9. Generator Giicii, santraldeki ¢ok fonksiyonlu 6l¢iim cihazi kullanilarak dl¢tilmiistiir (MW).

10. Tiirbin debisi (m?/s)

11. Benzer makinelerin performans garantilerinden alinan generator verimi degeri (%)

12. Tiirbin Net diisiisti (m) = (T5) - (T8)

13. Tiirbin Briit diisiisti (m) = (T2) - (T6)

14. Diizeltilmis Generator Giicii,

1.5
Pdijzeltilmis = Fgen (Hnominal net/HOIgulen net) (10)

formiilii kullanilarak hesaplanmugtir.
15. Diizeltilmis Tiirbin Debisi,

0,5
Qdﬁzeltilmis =Q (Hnominal net/H(”)lgijlen net) (11)

formiilii kullanilarak hesaplanmistir.
16. Diizeltilmis Net Diisli (m), Hrated
17. Briit Diisiiye Gore Diizeltilmis Generator Giicli

1.5
Pdiizeltilmis = gen(Hnominal brut/H(')l(;ulen brl’it) (12)

formiilii kullanilarak hesaplanmustir.
18.Santral verimi (%) - asagidaki denklem kullanilarak hesaplanmistir.

(T9)

Santral verimi = m (13)

19.Unite verimi (%) - asagidaki denklem kullanilarak hesaplanmistir.

Unit Lo (T9) 14
nite verimi = 5g(T12)(T10) (14)
20.Tiirbin verimi (%) - asagidaki denklem kullanilarak hesaplanmistir.
Tirbin Verimi — (119 s
lirbin Verimi = (T11) (15)

Tablodaki hesaplamalar1 yapmak i¢in kullanilan yukaridaki denklemlerde (T9), (T10), (T11), (T12),
(T13), (T19) olarak belirtilen numaralar, tablodaki siitiin numaralaridir.

Asagidaki formiil kullanilarak generatérde meydana gelen kayiplar ve saft milindeki aktif gii¢
hesaplanmugtir.

PSaft = Pgen + l:.kaylp (16)

Buna gore;
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Piayip = APgen” + BPgep, + C (17)

Burada, A, B, C santral kurulumunda elde edilmis olan verim egrisinden elde edilen sabitler olup,
A=—-4167x107% B = 8.583 x 1072, C = 93.9 olarak alinmstir.

Boya testlerinde en yiiksek tiirbin verim noktasina %74.96 ayar kanadi agikliginda, 51.09 m%/s
debide, 73.81 m net diisiide ulagilmistir. Tiirbinin verimi bu noktada %91.9 iken, elde edilen generator
cikis giicti ise 37.88 MW olmustur. Her bir test ¢alismasinda elde edilen tiirbin test sonuglari, test
kanununa gore yakinlik yasalar1 kullanilarak, dlciilen gergek net diisli degerinden santralin nominal
(tasarim) net diisli degeri olan 80.6 m nominal net diisii degerine diizenlenmistir.

Testlerde en iyi tiirbin verimliligi degerinde iinite verimi %90.0, santral verimi %89.1, generator
verimi de %97.9 olarak hesaplanmistir. En diisiik ayar kanat agikli§inda, yani %65.03 degerinde tiirbin
verimliliginde %?3’liik bir kaybin oldugu; en yliksek ayar kanat agikliginda ise yani%95.11°de tiirbin
verimliliginde %1.6’1ik bir kaybin oldugu gézlemlenmistir. Santral ve iinite verimi tiirbin verimliligi ile
dogrusal orantilidir. Tiirbindeki verim artis1 dogrudan iinite ve santral verimliginin de artmasi anlamina
gelmektedir.

Generator ¢ikis giicii ise debi ile dolayisi ile ayar kanat acikligi ile dogru orantilidir. En yiiksek
generatdr ¢ikis glicli, en yiiksek tlirbin, santral, linite verimliligi anlamina gelmemektedir. Testlerde en
yliiksek generator ¢ikig giicline %95.11 ayar kanat agikliginda, 63.07 m%/s debide ulagilmigtir. 80.6 m
net diisiiye gore diizenlenmis sonuclara gore generator ¢ikis giicii 46.23 MW olmustur. Burada generator
verimi %98.2 olarak hesaplanmistir. Bu, %98.2 oranindaki bir generatdr verimine gore tiirbin ¢ikist
saftindaki tlirbin ¢ikis giiciiniin 47.07 MW oldugu anlamina gelir. Bu ¢ikis giiciinde santral verimi
%87.1, linite verimi %88.6, tiirbin verimi %90.3 olarak Slgiilmiistiir. Diisii, nominal diisiiniin altinda
oldugundan ve tiirbin de hala nominal giiciine ulasabildiginden, tiirbinde gelecekte kullanilabilecek ek
giic bulunmaktadir. Ancak generator ve diger bilesenlerin yiikseltilmesi gerekebilir. Alpaslan-1 HES te
iinite-3'te yapilan tiirbin saha performans testleri sonuglarinin 6zeti Cizelge 4'te verilmistir.

Cizelge 4. Tiirbin saha performans testlerinin sonuglarinin 6zeti

En Iyi Verimde et e
(Tek Unitede) En biiyiik Giigte
Tiirbin Verimi (%) 91.9 90.3
Kanat acgikligi (%) 74.96 95.11
Generator Cikis Giicli (MW) 37.88 46.23
Unite Debisi (Normallestirilmis) 53.39 66.19
Unite Debisi (Ortalama Olgiilen) 51.09 63.07
Net Diisii (normallestirilmis) 80.60 80.60
Net Diisii (Ortalama Olgiilen) 73.81 73.19
Generator Verimi (%) 97.9 98.2
Unite Verimi (%) 90.0 88.6
Santral Verimi (%) 89.1 87.1

Yapilan 6l¢iimlerde generator verimi %98.2 olarak hesaplanmistir. Bu da 2012 yilinda devreye
alinmig olan {initenin gecen siire zarfinda sadece %0.1'lik gibi ¢ok diisiik bir kayip yasadig1 anlamina
gelmektedir. Generatdr verimi genellikle %97.0 ila %98.5 arasinda degisiklik gostermekte olup zaman
icinde 6nemli bir diisiis sergilemez. Generatoriin gostergeleri izlenerek genellikle yaklagmakta olan
sorunlar tespit edilir ve kayb1 yakindan izlemek yerine koruyucu bakim onlemleri uygulanir. Tiirbin
performans testleri, tiitbinin mevcut veriminin orijinal ekipman ireticisinin belirledigi %95,4’liik
tasarim pik performans degerinin yaklasik %3.5 altinda oldugunu gostermistir. Salyangoz, emme
borusu, tlirbin carki ve ¢ark kanatlari, ayar kanatlari, sabit kanatlar kayiplarin meydana geldigi yerlerdir.
Emme borusu kayiplari genel olarak %1’in altinda kii¢iik oranlardadir. Ancak zaman igerisinde
kayiplarda %0.3’liikk bir artis olmasi beklenir. Genellikle santralin tiirbin kayiplarinin yilda %0-0.15
arasinda olmas1 beklenir (ETKB, 2020). Santrallerde su giris agzindaki kayiplar genel olarak ihmal
edilir. Ancak giris 1zgarasinda organik madde veya ¢Op birikintisi diisii kayiplarina neden
olabilmektedir. Trafo ve salttaki kayiplar siddet olarak nispeten diisiiktiir ve zaman i¢inde 6nemli bir
ilerleme egilimi gostermez.
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3.1. Belirsizlik oraminin degerlendirilmesi

Testin dogrulugunu tahmin etmek amaciyla bir belirsizlik analizi yapilmistir. Verim 6lgiim
testlerindeki belirsizlik, Olgiilen niceliklerin belirsizliklerinin kareleri toplaminin karekdkii alinarak
hesaplanmaktadir.

0.5
Ferr = (Fy° + Fe® + F,?) (18)

Burada;
Fq: Desarj ol¢timiindeki bagil belirsizlik
Fe: Spesifik hidrolik enerjideki bagil belirsizlik
Fp: Giig 6l¢timiindeki bagil belirsizlik

Siralanan ¢ bilesen rastgele ve sistematik belirsizlik analizine tabi tutularak genel verim
belirsizligi hesaplanmaktadir. Buna gore yapilan hesaplamalarda; Fy: %2, F;:% 0.19, F,: %1.33 olarak
bulunmustur. Boylece genel verim belirsizligi Ferr: %2.41 olarak tahmin edilmistir (ETKB, 2020). En
yiiksek bilesen belirsizligi debi degerindedir. Belirsizligin, boya testlerindeki kabul edilebilir belirsizlik
araligindan yiiksek ¢ikmasinin basta boya karigimi i¢in kullanilabilecek cebri boru uzunlugu olmak
lizere santralin fiziksel yerlesim diizenine ve tasima sisteminin karmasikligina bagli oldugunu belirtmek
gerekir. Boya testlerinde genel olarak belirsizligin %1-1.5 arasinda olmasi istenmektedir.

4. Tartisma ve Sonug¢

Ulkemizde bulunan HES’lerin yaslariin artmasi ve santral techizatlarinda cesitli nedenlerle
olusan kayiplar, santralde verimlilik ve performans diisiislerine neden olmaktadir. Santraldeki kayiplar
su alma agzinda, generatorde, salt tesislerinde ve tiirbinde meydana gelmektedir. En biiyiik kayiplar
tirbinde olmaktadir. Diger kayiplar, olaganiistii bir gelisme yasanmamasi halinde, genellikle 20-30
yillik isletme siirecinden sonra goz Oniine alinmaktadir. Bu kapsamda, 2012 yilinda devreye alinmig
olan Alpaslan-1 HES’te boya seyreltme metodu kullanilarak yapilan performans testleriyle tesiste
bulunan elektrik ve mekanik ekipmanin mevcut durumu, tnitelerin kapasitesi, enerji verimliligini ve
giivenirligini arttirma firsatlari, tesislerinin hizmet dmiirleri siiresince enerji verimliliginde yapilabilecek
iyilestirmeler degerlendirilmistir. Calismada santraldeki bir iinitenin performansi Sl¢iilmiis, hidrolik
enerjiden elektrik enerjisine doniisiimiin bir incelemesini gergeklestirilmistir.

Ulasilan sonuglara gére, Alpaslan-1 santralindeki tiirbin-jenerator iiniteleri tamamen islevseldir
ve tiirbin ¢arklarinin durumu genel olarak iyi durumdadir. Ancak Unite-3’te tiirbinin hemen altindaki
emme borusu iist bandinda oldukc¢a yaygin bir kavitasyon olustugu goézlemlenmistir. Bu hasarin
ilerlememesi i¢in onarilmasi gerekmektedir. Tiirbinlerde bazi yag kacaklari gozlemlenmisse de bu
sorunlarin su anda jenerator cikis giliciinii etkiledigi diisiiniilmemektedir. Bu problemler, zorunlu
kesintilerde ciddi bir artisa neden olmamakla birlikte, liretimi de olumsuz bir sekilde etkilememektedir.
Hiz regiilatorii ciddi bir ¢alisma ya da bakim sorunu olmaksizin diizgiin ¢aligmaya devam etmektedir.
Jeneratorler ve yardimci sistemler iyi durumdadir. Yapilan performans testlerinde, santralin devreye
alindig1 yildan, testlerin yapildigi 2019 yilina kadar gecen siirede santral ekipmanlarinda verim kayiplari
yasandif1 goriilmiistiir. Unite-3’te yapilan testlerin sonuglar1 santralin tasarim degerleri ile
kiyaslandiginda, generatdrde %0.1°lik bir kaybin, Dikey Francis tipi tiirbinde ise %3.5’lik bir kaybin
meydana geldigi tespit edilmistir. Bu sonuclarin daha net anlagilabilmesi icin farkli metotlarin
kullanildig1 mutlak veya endeks testleri ile teyit edilmesine ihtiyag vardir.

Santralin veriminin korunmasi veya artirilmasi i¢in, su alma agz1 yolunda bulunan 1zgaralarin
stirekli temiz tutulmasi, su gecisinde zaman i¢inde olusan diisii kayiplarinin izlenmesi, generatorlerde
yalitimlardaki bozulmalar1 belirlemek, takip etmek, kismi desarj durumunu 6l¢mek icin yillik detayl
incelemelerin yapilmasi gibi ¢aligmalar yiiriitiilmelidir. Verimliliginin takibi i¢in, santralde kaydedilen
diisii, debi ve gii¢ degerleri incelenerek santral verimliligi teorik olarak hesaplanmali ve elde edilen
sonuclar santralin baslangic degerleri ile kiyaslanarak analiz edilmelidir. Ayrica periyodik araliklarla
saha da performans testleri yapilmalidir. Verimliligi artiric1 faaliyetler icin maliyet analizleri yapilmali
ve olusan tabloya gore aksiyonlar gelistirilmelidir.
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Sonug olarak, yapilan bu saha g¢alismasi ile mevcut hidrolik santralin bir iinitesinde boya
seyreltme metodu kullanilarak debi Slglimii ve mutlak testler gerceklestirilmis, santralin performansi
gdzlemlenmistir. Daha 6nce kurulumu yapilmis olan verim izleme sistemi de kullamlarak tiirbin,
generator, linite, santral verimlilikleri hesaplanmistir. Boya seyreltme metodu kullanilarak elde edilen
debi ile Winter-Kennedy akis sabiti bulunmus, boylece iinite-3’iin veriminin siirekli takibinin yapilmasi
saglanmistir. Bu caligmalarin santraldeki diger {initelerde de yapilmasi Onem tagimaktadir.
Verimliliginin anlik olarak 6lciilebildigi ve izlenebildigi santrallerde, bakim ve onarim ¢aligmalari ile
santral bilesenlerine dogru miidahaleler yapilabilecek olmasi, santraldeki kestirimci bakimlar igin
aksiyon gelistirmeyi kolaylastiracak olmasi1 konunun énemini ortaya koymaktadir. Ulkemizde daha 6nce
bdyle bir ¢alismaya rastlanilmadigi ifade edilmelidir. Bu ¢aligmanin, santrallerimizde boya testi veya
diger mutlak ve endeks testleri ile yapilan performans testlerinin yayginlagmasina dnciiliikk etmesi ve bu
testlerin daha etkin kullanilmasi i¢in tegvik edici olmasi umulmaktadir.
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Abstract: Medical devices are fundamental to preventing, diagnosing and treating
disease and high availability of them is vital for the uninterrupted operation of a
hospital. That is why hospitals should plan and carry out maintenance activities to
keep their medical devices in a healthy operating condition. The effectiveness of
these activities can be increased by determining the maintenance priorities of
devices. On the other hand, setting individual priorities for each device becomes
complicated when a hospital has hundreds of medical devices. In this concern,
grouping medical devices and determining group-based maintenance priorities will
be more advantageous for maintenance planning. In this study, a novel approach is
proposed for the maintenance prioritization of medical devices in a new hospital.
In the proposed approach, first prioritization attributes are defined and weighted
using the analytical hierarchy process (AHP). Then, medical devices are grouped
based on the predetermined attributes by using data clustering. Finally,
maintenance priorities of medical device clusters are determined based on the
weighted sum of cluster centers.

Yeni bir Hastaneye Ait Medikal Cihazlarin Bakim Onceliklendirmesine Yonelik
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Anahtar Kelimeler
Analitik hiyerarsi siireci,
Bakim 6nceliklendirmesi,
Medikal cihazlar,

Veri kiimeleme

Oz: Medikal cihazlar hastaliklarin onlenmesi, teshisi ve tedavisinde oldukca
onemli olup, bu cihazlarin ihtiya¢ halinde kullanilabilir durumda olmasi bir
hastanenin operasyonlarinin siirekliligi i¢in hayati énem teskil etmektedir. Bu
nedenle, hastaneler mevcut medikal cihazlari ¢alisir durumda tutmak icin bakim
planlar1 olusturmali ve uygulamalidir. Bakim planlarinin  etkinliginin
artirilmasinda ise cihazlarin bakim 6nceliklerinin belirlenmesi oldukc¢a 6nemlidir.
Ote yandan, bir hastanede yiizlerce medikal cihaz oldugu bir durumda her bir
cihaz i¢in ayr1 bir bakim onceligi tayin etmek olduk¢a zordur. Bu anlamda,
medikal cihazlar1 gruplandirmak ve grup bazli bakim dncelikleri olusturmak
bakim planlamasi1 agisindan daha faydali olacaktir. Bu c¢aliymada yeni bir
hastaneye ait medikal cihazlarin bakim onceliklendirmesine iligkin yeni bir
yaklagim Onerilmistir. Bu kapsamda ilk olarak bakim onceliklendirmesinde
kullanilacak nitelikler tanimlanmig ve analitik hiyerarsi siireci (AHS) ile
agirhiklandirilmistir. Daha sonra, medikal cihazlar nitelikleri baz alinarak veri
kiimeleme ile gruplandirilmistir. Son olarak, medikal cihaz kiimelerine iliskin
bakim oncelikleri kiime merkezlerinin agirlikli toplami alinarak belirlenmistir.
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1. Introduction

The effectiveness of hospitals largely depends on the uninterrupted operation of medical
devices. Breakdowns of medical devices may result in life-threatening complications and may lead to
high repair costs. Hence maintenance activities must be planned and carried out for these devices. Since
medical devices’ characteristics and criticality levels are different, prioritization of medical devices for
maintenance activities increases the effectiveness of maintenance activities and decreases the cost of
maintenance operations.

There are several studies on the maintenance prioritization of medical devices. Multi-attribute-
decision-making techniques are employed in some of these studies. Taghipour et al. (2011) and
Hutagalung & Hasibuan (2019) use analytical hierarchy process (AHP) for maintenance prioritization
of medical devices. Tawfik et al. (2013) develop a fuzzy inference model to classify medical devices
into risk categories. Mahfoud et al. (2016) propose a two-step approach. First, the attribute weights are
determined using AHP. Then, PROMETHEE multi-attribute-decision-making technique is used to
prioritize medical devices for maintenance activities. Houria et al. (2016) first determine the ranking of
maintenance strategies using AHP and TOPSIS. Then, the optimum maintenance strategy for each
medical device is determined by using a mixed integer linear programming model.

Moreover, some studies determine the risk classes of medical devices and determine the
maintenance prioritization based on risk class. The majority of these studies employ failure mode and
effects analysis (FMEA). Jamshidi et al. (2015) develop a fuzzy FMEA-based approach for the
prioritization of medical device maintenance activities and the determination of the most suitable
maintenance strategy for these devices. Azadi Parand et al. (2021) calculate fuzzy risk priority numbers
for medical device risk assessment. An ordered weighted averaging aggregation operator is employed
to aggregate the opinions of experts. Tavakoli et al. (2022) develop a weighted FMEA approach for the
risk assessment of medical devices. They use fuzzy DEMATEL and the fuzzy best-worst method to
determine attribute weights.

From another point of view, device age (Taghipour et al., 2011; Jamshidi et al., 2015; Houria et
al., 2016; Hutagalung & Hasibuan, 2019; Zamzam et al., 2021), device cost (Taghipour et al., 2011;
Hutagalung & Hasibuan, 2019; Zamzam et al., 2021), device function (Taghipour et al., 2011; Jamshidi
et al., 2015; Houria et al., 2016; Hutagalung & Hasibuan, 2019; Zamzam et al., 2021), risk class
(Taghipour et al., 2011; Houria et al., 2016; Hutagalung & Hasibuan, 2019), maintenance complexity
(Houria et al., 2016; Hutagalung & Hasibuan, 2019; Zamzam et al., 2021), maintenance requirements
(Taghipouretal.,2011; Jamshidi etal., 2015; Zamzam et al., 2021) and the number of available identical
devices (Taghipour et al., 2011; Houria et al., 2016; Hutagalung & Hasibuan, 2019; Zamzam et al.,
2021) are the most common attributes used in the literature for the maintenance prioritization of medical
devices.

In the above studies, the maintenance priority level is determined for each medical device
individually. This device-based approach to maintenance prioritization may be very time-consuming
considering the high number of medical devices in a hospital. Hence, the determination of maintenance
priority levels for device groups instead of individual devices is a more cost-effective approach. In the
literature, only Zamzam et al. (2021) use cluster analysis in the maintenance prioritization of medical
devices and they cluster devices based on device characteristics. They consider multiple devices from
the same category in their study. However, grouping device categories is more important for
maintenance prioritization. Therefore, we cluster device categories based on device characteristics and
then determine the maintenance priorities of the obtained clusters in our study. On the other hand,
Zamzam et al. (2021) present only cluster profiles and do not provide information on the determination
of cluster priorities. To fill this gap, we employ AHP in our study to determine the cluster priorities. In
addition, while Zamzam et al. (2021) present a case-specific approach, our proposed approach is more
generic and can be applied to the maintenance prioritization problem of any hospital.

The remainder of this study is structured as follows. Brief information on the proposed medical
device maintenance prioritization approach, AHP, and Ward’s hierarchical clustering method is
presented in Section 2. Device attributes that are used to cluster the medical devices are also explained
in the same section. In Section 3, AHP and clustering analysis are applied to the medical device
maintenance prioritization problem of a new hospital. Finally, conclusions and future research directions
are presented in Section 4.
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2. Material and Methods

The proposed approach for the maintenance prioritization of medical devices is presented in
Figure 1. In the first stage of the proposed approach, attributes to be used in the clustering analysis are
identified. Their measurement units and scales are also defined. In the following stage, attribute weights
are determined. In this study, AHP is used for this purpose. Then, medical devices are grouped based
on predetermined attributes by using clustering algorithms. We used Wards’ method as a clustering
technique in our study. Finally, maintenance priorities of medical device clusters are determined based
on the weighted sum of cluster centers.

/ Literature review / Mgdlcal device /
inventory

Identify attributes Determine attribute Group medical devices by
of medical devices weights "| using data clustering

| f
ﬁ/ Expert opinion /

Figure 1. Proposed medical device maintenance prioritization approach.

Determine maintenance priorities of
medical device clusters based on
weighted sum of cluster centers

\ 4

2.1. Medical device attributes

In this section, six attributes that are used to cluster the medical devices are identified. Attributes
related to device usage rate or age are not included in this study as we deal with the medical devices of
a newly established hospital.

o Function (FI): This attribute refers to the intended use of medical devices and can be evaluated
in five grades (Taghipour et al., 2011). In the following grading, a higher value indicates higher
maintenance priority.

1: Other

2: Analytical

3: Diagnostic

4: Therapeutic

5: Life support

o Risk class (F2): This attribute shows the risk level of medical equipment. According to the
European Union, a piece of medical equipment falls into one of the following four risk classes
depending on the level of harm it may pose to users or patients (Aronson et al., 2020). The risk
class of medical equipment is determined based on the rules that consider various issues such
as duration of use, degree of invasiveness, potential toxicity, part of the body affected, and
energy transmission (Medical Device Coordination Group, 2021). For instance, class I covers
equipment that is non-invasive and does not penetrate the human body (i.e. manual wheelchair,
bandages, hospital beds, stethoscopes). If equipment is short-term invasive or causes energy
transfer with the patient, then it is classified as class Ila. Equipment in this class is usually used
for monitoring and diagnostics (i.e. suction equipment, centrifuge, ultrasound machine,
magnetic resonance imaging machine). Class IIb refers to the most invasive equipment that is
partially or completely introduced into the human body (i.e. ventilator, defibrillator, surgical
laser). Finally, class III refers to implantable and long-term invasive equipment that are
important to sustaining a patient’s life (i.e. pacemaker, intra-aortic balloon pump, breast
implants). As the risk level of medical equipment increases, the maintenance priority also
increases.

1: Class I (low risk)

2: Class Ila (low to moderate risk)

3: Class IIb (moderate to high risk)

4: Class III (high risk)
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Device cost (F3): This attribute indicates the cost of the medical device in Turkish Lira. In this
study, cost values are obtained from the website of the State Supply Office (DMO) of Turkey.
It is obvious that, the device cost directly affects the repair cost of the device. Expensive medical
devices have expensive spare parts and usually require extensive maintenance. Therefore,
keeping those devices in healthy operating condition is very important for the hospitals in terms
of time, money and effort. In this concern, the maintenance priority of a medical device
increases, as its cost increases.

Maintenance complexity (F4): Maintenance complexity defines the level of complexity of the
maintenance operations required by a medical device. Fennigkoh & Smith (1989) classified the
complexity level of medical device maintenance into three grades such as low, moderate, and
high. Low-level maintenance usually includes visual inspection, cleaning, basic performance
checks and battery replacement. Mid-level maintenance usually includes performance and
safety tests, filter replacement and lubrication. High-level maintenance is carried out, especially
for the mechanical, pneumatic, or hydraulic devices and it usually includes performance and
safety tests, calibration, and spare part replacement. Complex maintenance operations require
special tools, and specialized worker(s) and take longer time. Therefore, medical devices with
high levels of maintenance complexity should be prioritized in maintenance plans.

1: Low

2: Moderate

3: High

The number of available identical devices (F5): This attribute shows the number of identical
devices in the hospital and consists of two grades as the following. In case of failure of
insufficient devices, negative consequences such as patient death may occur. Therefore, we
should give higher priority to devices that have no alternative in our maintenance plans.

0: There are multiple identical devices

1: There is only one device

Maintenance staff (F6): Maintenance staff refers to whether the maintenance operations are
performed by the internal staff or external staff. Maintenance of some medical devices must be
carried out by authorized service providers. In this case, we have to make an appointment with
the service provider. However, appointment availability may change during some peak periods
and this can cause longer waiting time for maintenance. On the other hand, if the maintenance
staff is inside the hospital (i.e. technician, biomedical engineer) maintenance operations are
carried out in a short time. Therefore, a medical device that requires external maintenance staff
should have a higher priority in maintenance plans.

0: Internal

1: External

2.2. AHP

AHP developed by Saaty (1980) is a commonly used multi-attribute-decision-making technique.

It uses a hierarchical decision structure. The goal of the multi-attribute decision problem is located at
the top of the decision hierarchy while the attributes are placed at the levels below the goal. Based on
this hierarchy, pairwise comparison matrices are constructed using the scale provided in Table 1, and
attribute weights are determined by using an appropriate technique. Among these techniques, the most
used one is the eigenvalue method.

Table 1. Saaty’s nine-point scale

Scale value Short definition

1
3
5
7
9
2

4,0.8

Equal importance

Medium superiority

High superiority

Very high superiority
Absolute superiority
In-between judgment values
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The eigenvalue method obtains the principal eigenvalue of a pairwise comparison matrix by
solving the following system of equations (Lipuscek et al., 2010):

(A = AmaxDw =0 (1)

where A is the pairwise comparison matrix, / is the identity matrix, Ame is the principal
eigenvalue of 4 and w is the principal eigenvector of 4 (i.e., the vector of priorities).

Consistency of human judgments plays an important role in AHP. Therefore, a consistency ratio
(CR) must be calculated for each pairwise comparison matrix to measure the consistency level. The
formula of CR can be presented as follows:

_ (Amax B n)
CR = m (2)

where 7 is the size of the pairwise comparison matrix, imax is the principal eigenvalue of the

matrix and R/ is the random index value. Table 2 presents R/ values for each value of n. The comparisons
in a pairwise comparison matrix are said to be consistent if the CR value of the matrix is less than or
equal to 0.1.

Table 2. RI values for different matrix sizes

n 2 3 4 5 6 7 8 9 10
RI 0 0.58 0.90 1.12 1.24 0.32 1.41 1.45 1.49

2.3. Ward’s hierarchical clustering method

Data clustering is a data mining technique that is used to divide a heterogencous data set into
more homogeneous groups. In this grouping, similarities between objects based on the selected attributes
are taken into account and it is aimed to form clusters so that objects within the same cluster are similar
and objects from different clusters are dissimilar.

Data clustering methods can be categorized as partitioning methods, hierarchical methods,
density-based methods and grid-based methods (Han et al., 2022). Partitioning methods decompose data
set into a predetermined number of clusters to achieve low inter-cluster and high intra-cluster variance.
Those methods usually change the centers of clusters until the distance between the objects and the
center of the cluster they belong to is minimized. Hierarchical methods build clusters based on hierarchy
and can be divided into two categories namely agglomerative and divisive. In agglomerative methods,
cach object is initially treated as a single cluster, and then the most similar clusters are successively
merged until the final clusters are formed. In divisive methods, all objects are initially in the same cluster
and then the most dissimilar clusters are split recursively. Density-based methods consider object
densities rather than the distance between objects and define a region with high object density as a
cluster. Finally, grid-based methods create a grid structure by splitting the object space into a finite
number of cells and performing clustering based on this grid structure.

In this study, we used Ward’s method which is an agglomerative hierarchical clustering
algorithm proposed by Ward, 1963. This method handles data clustering as an ANOVA problem and
generates clusters in a way that minimizes inter-cluster variance. Apart from other agglomerative
methods, it uses a sum of squares instead of distance metrics. In agglomerative hierarchical clustering,
the sum of squares is initially zero since each object forms its cluster and then this value grows as clusters
are merged. Ward’s method tries to keep this growth as small as possible by merging two clusters with
the smallest merging cost in each step (Vijaya et al., 2019). The cost of merging two clusters is calculated
by using the formula given in Equation 3.

nyn L
A(4,B) = = Il = I 3)
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where A(A, B) is the merging cost of clusters A and B. m, and mj are the centroids of clusters
A and B, ny and ng are the number of objects in clusters A and B respectively. Cluster centroids are the
vector mean of objects in each cluster. The norm of the difference between two vectors p and G also
equals the Euclidean distance between those vectors and it is computed by using Equation 4 as follows:

(4)

where N is the dimension of vector space or in other words number of attributes.
3. Results

This section consists of two subsections. In the first subsection, importance weights of the device
attributes are determined using AHP. In the second subsection, medical devices are clustered based on
the identified attributes and then maintenance priorities of the obtained clusters are determined.

3.1. Attribute weights

The weights of medical device maintenance prioritization attributes are determined using AHP.
First, the pairwise comparison matrix presented in Table 3 is constructed based on the consensus of the
experts working in the different departments of the hospital. Then, the attribute weights presented in
Table 4 are obtained by applying the eigenvalue method to the pairwise comparison matrix which has
an acceptable level of consistency (i.e., CR = 0.0313 < 0.1). When the results given in Table 4 are
evaluated, it can be concluded that the most important attribute is '/ (function) with a weight of 0.328
while the least important one is 6 (maintenance staff) with a weight of 0.07.

Table 3. Pair-wise comparison matrix for the attributes

Attribute Fi F2 F3 F4 F5 F6
FI 1 2 3 4 2 3
F2 0.50 1 2 3 1 3
F3 0.33 0.50 1 2 0.50 3
F4 0.25 0.33 0.50 1 0.50 2
F5 0.50 1 2 2 1 2
Fé6 0.33 0.33 0.33 0.50 0.50 1

0  Table 4. Importance weights of the attributes

Attribute Importance weight
Fl 0.328
F2 0.205
F3 0.131
F4 0.087
F5 0.179
F6 0.070

3.2. Clustering results

In this section, 53 medical devices of a new hospital are clustered by using Ward’s hierarchical
clustering algorithm to determine the maintenance priorities. Data normalization is applied before
clustering to ensure that all attributes contribute equally to the result and Ward’s algorithm is terminated
when the number of clusters reaches three. Cluster assignments are presented in Table 5 and cluster
profiles are illustrated in Figure 2. From the total number of 53 devices, the number of devices assigned
to clusters is as follows: 20 devices assigned to Cluster 1, 26 devices assigned to Cluster 2 and 7 devices
assigned to Cluster 3. As a result of this grouping, inter-cluster variance which is also known as within
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cluster sum of squares value is obtained as 17.327. We have also used the well-known clustering
algorithm k-means, and obtained this value as 19.590. Since smaller inter-cluster variance indicates
better clustering, we presented the results of Ward’s method in this section.

Table 5. Cluster assignments

Cluster 1 (C1) Cluster 2 (C2) Cluster 3 (C3)

Infant incubator Ventilator Infant radiant warmer
Defibrillator Intra-aortic balloon pump Pulmonary function testing machine
Syringe pump Anesthesia machine Holter system
Infusion pump Surgical microscope Autoclave

Patient monitor Heart & lung machine Laminar flow cabinet
Phototherapy unit Treadmill test machine X-ray machine

Blood & fluid warmer Pacemaker Echocardiography machine
Humidifier Hematology analyzer

Pulse oximeter Urine analyzer

Operating table Microplate reader

Operating light Biochemistry analyzer

Electrosurgical unit Microscope

Suction machine Immunoassay analyzer

Automatic tourniquet system Incubator

Electrocardiogram machine Blood gas analyzer

Centrifuge Biosafety cabinet

Ultrasound machine CT scanner

Fetal monitor MRI scanner

Blood pressure monitoring device Cath lab system

Nebulizer Mammography unit

Electromyogram machine
Electroencephalogram machine
Bone densitometer

Lithotripsy machine
Hemodialysis machine
Endoscopic devices

1,00
"0/.

0,80
0,60
0,40
0,20
0,00
Fl F2 F3 F4 F5 F6
——(C] =0=(C2 c3

Figure 2. Cluster profiles.

Figure 2 displays the centers of three clusters. Cluster center is a N-dimensional vector where N
is the number of attributes and it is obtained by computing the mean of each object over the attributes
in a cluster. When we evaluate the results given in Figure 2, we can conclude that cluster C1 contains
mostly class IIb or class III devices that used for therapeutic or life support purposes. Therefore, cluster
C1 has the highest priority in maintenance with respect to attributes '/ and F2. Devices in cluster C2
are high-cost devices that require complex maintenance operations carried out by the service providers.
That is why cluster C2 has the highest priority in maintenance with respect to attributes F3, F'4 and F6.
On the other hand, devices in cluster C3 have no alternatives and this makes cluster C3 the most
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important cluster with respect to attribute /5. These results indicate that there is no cluster that has the
highest maintenance priority for all attributes. Therefore, the obtained clusters are sorted as A, B and C
in descending order of priority in maintenance by considering attribute weights and cluster centroids.
Since we have designed our attributes as the maximum is better, larger values of weighted sum imply
higher priority in maintenance.

As it is shown in Table 6, cluster C2 has the highest and cluster C1 has the lowest priority in
maintenance. Cluster C2 contains medical devices that are quite expensive and usually used for
therapeutic or life support purposes. In addition, most of these devices are unique in the hospital and fall
into moderate or high-risk categories. From a maintenance perspective, we can see that these devices
require complex maintenance operations which can only be performed by external staff. On the other
hand, cluster C1 contains low-cost devices which require non-complex maintenance operations that can
be performed by internal staff. Although these devices are commonly used for therapeutic or life support
purposes, maintenance priority of them is low as there are many identical alternatives to these devices
in the hospital.

Table 6. Cluster centers and maintenance priorities

Cluster Fl1 F2 F3 F4 F5 Fé6 weighted sum maintenance priority

C1 0.625 0.417 0.022 0.525 0.000 0.000 0.339 3 (low)
C2 0.548 0.410 0.129 0.942 0.885 1.000 0.591 1 (high)
C3 0.429 0.381 0.098 0.643 1.000 0.000 0.467 2 (medium)

4. Discussion and Conclusion

Maintenance management in the healthcare industry has an increasing importance considering
the number and variety of medical devices in today’s hospitals. Costly and life-threatening medical
device breakdowns can only be prevented by planning and carrying out maintenance operations based
on device criticality. In this study, we developed a novel approach for the maintenance prioritization of
medical devices. The proposed approach divides the medical devices into clusters based on device
characteristics and then determines the maintenance priorities of clusters using AHP.

It is believed that the proposed approach will be more advantageous especially for hospitals with
high number of medical devices. It will also provide information for maintenance budget allocation
across the devices. On the other hand, the success of the proposed approach highly depends on the
recording of data about the devices and the quality of the data set.

One of the limitation of this study is that, device age, which is an important issue in maintenance
planning, was not considered since we dealt with a new hospital in our research. However, this attribute
directly affects the maintenance requirements and reliability of a device. Therefore, it should be included
in the future studies on medical device maintenance prioritization. Other issues for consideration by
future researchers include that different device attributes, clustering algorithms and multi-attribute-
decision-making methods can be used to determine the maintenance priorities of medical devices.
Further, the development of maintenance schedules based on cluster-based maintenance priorities is
another interesting future research direction.

References

Aronson, J. K., Heneghan, C., & Ferner, R. E. (2020). Medical devices: Definition, classification, and
regulatory implications. Drug Safety, 43(2), 83-93. doi:10.1007/s40264-019-00878-3

Azadi Parand, F., Tavakoli-Golpaygani, A., & Rezvani, F. (2021). Medical device risk assessment based
on ordered weighted averaging aggregation operator. Journal of Biomedical Physics and
Engineering, 11(5), 621-628. doi:10.31661/jbpe.v0i0.1133

Fennigkoh, L., & Smith, B. (1989). Clinical equipment management. JCAHO PTSM Series, 2, 5-14.

Han, J., Pei, J., & Tong, H. (2022). Data Mining: Concepts and Techniques. Cambridge, MA, USA:
Morgan Kaufmann.

1000


https://doi.org/10.1007/s40264-019-00878-3
https://doi.org/10.31661/jbpe.v0i0.1133

YYU JINAS 28(3): 993-1001
Giigdemir and Ilgin / A Clustering-based Approach for Maintenance Prioritization of Medical Devices in a New Hospital

Houria, Z. B., Masmoudi, M., Hanbali, A. A., Khatrouch, 1., & Masmoudi, F. (2016). Quantitative
techniques for medical equipment maintenance management. European journal of industrial
engineering, 10(6), 703-723. doi:10.1504/EJIE.2016.081017

Hutagalung, A. O., & Hasibuan, S. (2019). Determining the priority of medical equipment maintenance
with analytical hierarchy process. International Journal of Online and Biomedical Engineering,
15(10), 107-120. doi:10.3991/ijoe.v15i110.10920

Jamshidi, A., Rahimi, S. A., Ait-kadi, D., & Ruiz, A. (2015). A comprehensive fuzzy risk-based
maintenance framework for prioritization of medical devices. Applied Soft Computing, 32, 322-
334. doi:10.1016/j.as0¢.2015.03.054

Lipuscek, 1., Bohanec, M., Oblak, L., & Zadnik Stirn, L. (2010). A multi-criteria decision-making model
for classifying wood products with respect to their impact on environment. The International
Journal of Life Cycle Assessment, 15(4), 359-367. doi:10.1007/s11367-010-0157-6

Mahfoud, H., El Barkany, A., & El Biyaali, A. (2016). A hybrid decision-making model for maintenance
prioritization in health care systems. American Journal of Applied Sciences, 13(4), 439-450.

Medical Device Coordination Group. (2021). Guidance on classification of medical devices.
https://health.ec.europa.cu/system/files/2021-10/mdcg_2021-24 en_0.pdf

Saaty, T. L. (1980). The Analytic Hierarchy Process. New York: McGraw-Hill.

Taghipour, S., Banjevic, D., & Jardine, A. K. S. (2011). Prioritization of medical equipment for
maintenance decisions. Journal of the Operational Research Society, 62(9), 1666-1687.
doi:10.1057/jors.2010.106

Tavakoli, M., Mesbahi, R., Nayeri, S., & Jolai, F. (2022). Risk assessment of medical devices used for
COVID-19 patients based on a Markovian-based Weighted Failure Mode Effects Analysis
(WFMEA). Scientia Iranica, 1-30. doi:10.24200/sci.2022.57493.5266

Tawfik, B., Ouda, B. K., & Abd El Samad, Y. M. (2013). A fuzzy logic model for medical equipment
risk  classification. Journal  of  Clinical  Engineering, 38(4), 185-190.
doi:10.1097/JCE.0b013e3182a90445

Vijaya, V., Sharma, S., & Batra, N. (2019). Comparative study of single linkage, complete linkage, and
Ward method of agglomerative clustering. Paper presented at the International Conference on
Machine Learning, Big Data, Cloud and Parallel Computing, Faridabad, India.

Ward, J. H. (1963). Hierarchical grouping to optimize an objective function. Journal of the American
Statistical Association, 58(301), 236-244. doi:10.1080/01621459.1963.10500845

Zamzam, A. H., Al-Ani, A. K. I., Wahab, A. K. A., Lai, K. W., Satapathy, S. C., Khalil, A., Azizan, M.
M., & Hasikin, K. (2021). Prioritisation assessment and robust predictive system for medical
equipment: A comprehensive strategic maintenance management. Frontiers in Public Health,
9, 782203. doi:10.3389/fpubh.2021.782203

1001


https://doi.org/10.1504/EJIE.2016.081017
https://doi.org/10.3991/ijoe.v15i10.10920
https://doi.org/10.1016/j.asoc.2015.03.054
https://doi.org/10.1007/s11367-010-0157-6
https://health.ec.europa.eu/system/files/2021-10/mdcg_2021-24_en_0.pdf
https://doi.org/10.1057/jors.2010.106
https://doi.org/10.24200/sci.2022.57493.5266
https://doi.org/10.1097/JCE.0b013e3182a90445
https://doi.org/10.1080/01621459.1963.10500845
https://doi.org/10.3389/fpubh.2021.782203

Yiiziincii Yil Universitesi Fen Bilimleri Enstitiisii Dergisi, Cilt 28, Say1 3 (Aralik), 1002-1011, 2023

® ®

YUZUNCU YIL UNIVERSITESI
Fen Bilimleri Exstitdsi Bersisi

Yiiziincii Y11 Universitesi
Fen Bilimleri Enstitiisti Dergisi

/

YUZONC YIL UNIVERSITY,
Jounal i staie ol |
Natural & oplied Selences

https://dergipark.org.tr/tr/pub/yyufbed s

Arastirma Makalesi

Bazi Fermente Uriinlerde Gastrointestinal Sindirim Kosullar1 Oncesi ve Sonrasi1 Laktik

Asit Bakteri Miktarimmin Belirlenmesi

Ashihan ALAV', Raciye MERAL"

'Van Yiiziincii Y1l Universitesi, Fen Bilimleri Enstitiisii, Gida Miihendisligi ABD, 65080, Van, Tiirkiye
2Van Yiiziincii Y1l Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi Boliimii, 65080, Van, Tiirkiye
Aslthan ALAV, ORCID No: 0000-0002-0268-0666, Raciye MERAL, ORCID No: 0000-0002-4239-0735

*Sorumlu yazar e-posta: raciyemeral@yyu.edu.tr

Makale Bilgileri

Gelis: 08.03.2023
Kabul: 20.06.2023
Online Aralik 2023

DOI:10.53433/yyutbed. 1261980

Anahtar Kelimeler
Fermente gidalar,
Laktik asit bakterileri,

Oz: Fermente gidalar, konak¢1 canlinin bagirsaginda canli ve yeterli sayida
bulunduklarinda konak¢inin saghgmi olumlu yo6nde etkileyen probiyotik
mikroorganizmalar1 i¢eren gidalardir. Bununla birlikte, bu gidalarin probiyotik
mikroorganizma igermesi, “probiyotik gida” olarak tanimlanmalar igin yeterli
degildir. Bu calisma, yaygin olarak tiiketilen bazi fermente iirtinlerin laktik asit
bakteri (LAB) sayis1 ve simiile edilmis gastrointestinal sindirim sonrasi LAB
sayilarin1 belirleyerek bu gidalarin probiyotik gida olma potansiyellerini ortaya
koymak ve tiiketicilerde farkindalik olusturmak i¢in yapilmigtir. Calisma
sonucunda en yiiksek LAB iceren fermente iirlinler sirasi ile endiistriyel kefir (7.52
log kob/g), geleneksel yapim kefir (6.99 log kob/g), geleneksel tursu (6.84 log

Probiyotik mikroorganizmalar kob/g), koyun siitiinden yapilan ev yogurdu (5.41 log kob/g), inek siitiinden yapilan

ev yogurdu (4.76 log kob/g) olarak belirlenmistir. Simiile edilmis gastrointestinal
sindirim sonrast LAB sayilarinda en yiiksek degerin ev yapimi kefir (5.01 log
kob/g), endiistriyel kefir (4.1 log kob/g), koyun siitiinden yapilmis ev yogurdu (3.14
log kob/g) ve geleneksel tursu (2 log kob/g) oldugu ortaya konulmustur. Sonug
olarak kefirin yliksek oranda LAB igerdigi tespit edilmistir. Simiile edilmis
sindirim sonrasinda da LAB miktarmin biiyilk bir kisminin korundugu
belirlenmigtir. Kefirin probiyotik gida olma potansiyelinin oldugu ve diizenli
titkketildiginde probiyotiklerden beklenen etkiyi saglayabilecegi diigiiniilmiistiir.

Determination of Lactic Acid Bacteria Amount of Some Fermented Products Before and
After Gastrointestinal Digestive Conditions
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Abstract: Probiotics are microorganisms that positively affect the health of the host
when they are alive and in sufficient numbers in the gut of the host. The positive
effects of fermented foods containing live microorganisms on health gain the
popularity of these foods and give them the feature of being a food containing
probiotic microorganisms, as well. In this study, pH analysis, enumeration of lactic
acid bacteria (LAB), and enumeration of LAB after simulated gastrointestinal
digestion were examined on samples of some fermented foods. As a result of the
study, the fermented products containing the highest LAB were determined as
industrial kefir (7.52 log cfu/g), homemade kefir (6.99 log cfu/g), homemade
pickles (6.84 log cfu/g), homemade yogurt made from sheep's milk (5.41 log cfu/g),
and homemade yogurt made from cow's milk (4.76 log cfu/g), respectively. As a
result of sowing after simulated gastrointestinal digestion, when the enumeration
of LAB was examined, it was determined that the highest value was homemade
kefir, industrial kefir, homemade yogurt made from sheep's milk, and homemade
pickles. As a result, it was determined that kefir food contains high LAB. Since
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most of the LAB amount is preserved after simulated digestion, it is thought to be
promising as food containing probiotic microorganisms, and may also have a
positive effect on health when consumed regularly.

1. Giris

Probiyotik kelimesi, “yasam i¢in” anlamina gelen “pro-life” veya “for-life” kelimelerinden
iretilmistir (Raghuwanshi ve ark., 2015). Terim baslangigta bir mikroorganizma tarafindan iiretilen ve
digerlerinin biiylimesini uyaran maddeleri tanimlamak i¢in kullamlmistir (Kechagia ve ark., 2013).
Zaman igerisinde tanimlamada degisiklikler yapilmis ve nihayetinde 2001 yilinda Birlesmis Milletler
Gida ve Tarim Orgiitii (FAO) ve DSO adina ¢alisan uluslararasi bilim adamlaridan olusan bir Uzman
Danigma kurulu, probiyotik tanimini su sekilde yeniden diizenlemistir: “probiyotik mikroorganizmalar,
yeterli miktarlarda uygulandiginda konak¢iya saghk yarar: saglayan canli mikroorganizmalardir”.
Probiyotik mikroorganizmalarin saglik {izerindeki olumlu etkilerinin bilimsel ve klinik kanitlarla ortaya
konulmastyla probiyotik iirlinlerin gelismesi hizlanmis ve piyasaya probiyotik iiriin oldugu iddiasiyla
ek ¢ok {irlin sunulmustur. Bu durum, ne yazik ki probiyotik teriminin yanlis kullanimim da énemli bir
sorun haline getirmis ve bir¢ok {irlinde bu terim, gerekli kriterleri karsilamadan kullanilmaya
baglanmigtir (Hill ve ark., 2014). Potansiyel bir probiyotik susun yararli etkilerini gdsterebilmesi igin
baz1 6zelliklere sahip olmasi beklenir. Bu 6zellikler;

Oral uygulama i¢in cok 6nemli gibi goriinen asit ve safra toleransi,

Mukozal ve epitelyal yiizeylere tutunma ve kolonizasyon,

Basarili immiin modiilasyon,

Patojenik bakterilere karsi antimikrobiyal aktivite,

Safra tuzu hidrolaz aktivitesi

Patojen mikroorganizmalarin gastrointestinal sistemin duvarina yapismasini engelleme (Adams,
2010; Kechagia ve ark., 2013) seklinde siralanmaktadir.

Tanimlar1 goz oniine alindiginda, probiyotik 6zellikler gosterebilen en dnemli temsilcilerden
bazilar1 Cizelge 1’de listelenmistir (Kechagia ve ark., 2013). Probiyotiklerin, insan saglig1 {izerinde
olumlu etkilerinin olmasi igin viicutta etkili minimum konsantrasyonlarin belirlenmesinde gerekli olan
bilgiler halen yetersizdir. Genel olarak probiyotik bakterilerinin canli olarak gida iiriiniinde en az 10°-
10° kob/g-ml diizeyinde olmasi gerektigi bildirilmekte, iginde bulunduklari gidalarin raf omrii siiresince
bu mikroorganizmalarin canliliklarini koruyabilmesinin 6nemli oldugu vurgulanmaktadir (Bilginer &
Cetin, 2019). Bazi kaynaklar ise genel kabul géren goriisiin, minimum 103-10° kob/g canli hiicre oldugu
yoniindedir (Ying ve ark., 2013; Haffner ve ark., 2016).

Fermantasyon, biyokimyacilar tarafindan “organik bilesiklerin hem elektron vericisi hem de
alicis1 olarak hareket ettigi ATP tireten bir siire¢” olarak tanimlanmasina ragmen, bazi fermente gidalar
aerobik ortamlarda tiretildiginden, Uluslararas1 Bilimsel Probiyotikler ve Prebiyotikler Birligi (ISAPP),
fermente gidalari ve igecekleri “istenen mikrobiyal biiyiime ve gida bilesenlerinin enzimatik doniistimleri
yoluyla yapilan gidalar” olarak tanimlamaktadir. Tanmim, mikroorganizmalarin aktivitesini
gerektirmektedir. Bitki, hayvan veya diger kaynaklardan elde edilen endojen veya eksojen enzimler
mevcut olabilse de, bu enzimlerin aktiviteleri, tek bagina bir gidanin fermente olarak kabul edilmesi i¢in
yeterli degildir (Marco ve ark., 2021). Fermente gidalar, 6zellikle uzun siireli depolamadan sonra veya
pastorizasyon (Ornegin, soya sosu) veya firmlama (6rnegin, mayali ekmek) gibi islemlerden sonra
Oonemli sayida cansiz mikrobiyal hiicre igerebilir. Bir¢ok fermantasyona, gesitli hiicre ylizey bilesenleri,
laktik asit, kisa zincirli yag asitleri ve diger metabolitlerin yani sira biyoaktif peptidler dahil olmak {izere
insan sagligiyla iligkilendirilen bir dizi hiicresel yap1 ve metabolit iiretebilen laktik asit bakterileri (LAB)
aracilik eder (Salminen ve ark., 2021).

LAB, fermantasyonda ana {iriin olarak laktik asit lireten, gram pozitif, sporsuz, katalaz negatif,
optimum gelisme sicakliklar1 30-40°C ve optimum pH degeri 5.5-6.2 olan bakteri cinsinin olusturdugu
gruptur (Demircan, 2017; Taylan, 2017; Huang ve ark., 2018). Fermente gidalar ve igecekler LAB
icerdiklerinden dolay1 bazen “probiyotik gidalar” veya “probiyotikler icerir” seklinde nitelendirilmekte
veya etiketlenmektedir. Bu beyanlar, ireticilerin tiketicilere; iriinde yasayan, sagligi gelistiren
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mikroorganizmalarin bulundugunu iletme ¢abalarini yansitmaktadir ancak 2013 yilinda ISAPP,
“probiyotik” teriminin yalnizca iyi tanimlanmis ve karakterize edilmis canli mikroorganizmalar
tarafindan saglanan kanitlanmis bir saglik yarar1 oldugunda kullanilmasimi gerektigini bildirmistir.
ISAPP’ a gore probiyotik {iirliniin saghk yarari, (en az birinde) canli mikroorganizmalardan
kaynaklanmali ve gidanin herhangi bir besinsel yararinin 6tesine gegmelidir. Bu nedenlerden dolay1
"fermente gida" ve “probiyotikler” terimlerinin birbirinin yerine kullanilamayacagi bildirilmistir.

Cizelge 1. Probiyotik mikroorganizma oldugu diisiiniilen tiirler (Kechagia ve ark., 2013; Fakruddin ve
ark., 2017; Paparo ve ark., 2020)

Lactobacillus tiirleri Bifidobacterium tiirleri

L. acidophilus B. adolescentis

L. casei B. animalis

L. crispatus B. bifidum

L. gasseri B. animalis sub. lactis

L. johnsonii B. infantis

L. paracasei B. longum

L. plantarum

L. reuteri

L. rhamnosus

Diger LAB LAB olmayan diger tiirler
Enterococcus faecalis Bacillus cereus var. Toyoi
E. faecium Escherichia coli strain Nissle 1917
Leuconostoc mesenteroides Bacillus clausii

Propionibacterium freudenreichii
Saccharomeyces cerevisae
S. boulardii

Bu baglamda, bu ¢aligsmada, siklikla tiiketilen bazi fermente gidalarin probiyotik {iriin olabilme
potansiyeli arastirilmis ve tiiketici farkindaligi olusturulmasi hedeflenmistir. Bu amagla, LAB igeren
baz1 fermente gidalarda, simiile edilmis gastrointestinal sindirim dncesi ve sonrasi toplam LAB sayilar
belirlenmistir.

2. Materyal ve Yontem
2.1. Materyal

Calismada, analitik saflikta kimyasal maddeler (Sigma-Aldrich, St. Louis. MO. Amerika; Merck
Darmastadt, Almanya) kullanilmistir. Endiistriyel kefir, endiistriyel yogurt, endiistriyel salgam suyu ve
eksi mayali ekmek Van ve Ankara’ da bulunan yerel marketlerden temin edilmistir. Karisik ev tursusu,
inek ve koyun siitlinden yapilan geleneksel yogurtve tarhana Van’ da bulunan yerel {ireticilerden temin
edilmistir. Kefir iiretimi YYU Gida Miihendisligi laboratuvarinda iiretilmistir. Kefir iiretimi icin inek
siitli 87° C'de 6 dakika pastdrize edilmis ve 25° C'ye kadar sogutulmustur. Daha sonra 1000 mL siite,
20 g kefir mayasi inokiile edilmis ve 6rnek 24 saat boyunca 25° C'de fermantasyona tabii tutulmustur.

2.2. Toplam laktik asit bakteri (TLAB) sayim

TLAB sayimi analizi, yayma plak yontemi ile gerceklestirilmistir. Tiim orneklerden 10 g
aliarak steril posetlere aktarilmistir. Uzerine %0.85°lik 90 mL serum fizyolojik sivis1 eklenerek 10’
ya kadar seri diliisyonlar hazirlanmigtir. Man-Rogosa-Sharpe (MRS) agar iceren petri kutularina yayma
plak yontemine gore inokiilasyon yapilmis ve bu petri kutulari, 30°C’ye ayarlanmis, inkiibatorde,
anaerobik kosullarda 72 saat siiresince bekletilmistir. Sonuglar koloni olusturan birim (kob) (log kob/g)
bazinda degerlendirilmistir (Maturin, 2001).
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2.3. Simiile edilmis gastrointestinal sindirim ortaminin olusturulmasi

Steril kosullarda tiim 6rneklerden 1 g alinip iizerine 9 ml steril %0.85’1lik serum fizyolojik su
eklenerek homojenize edilmistir. Homojenize edilen 6rnek numunelerinin pH’s1 2.5-3 degerine 1 M HCI
kullanilarak getirilmistir. Bir membran filtre (0.45 pwm) kullanilarak sterilize edilen pepsin ¢ozeltisi,
1000 mL alinip pH degeri ayarlanmis drneklere eklenmistir. Ornekler, mide sivisina maruz kalma
simiilasyonu i¢in ¢alkalamali etiivde, 37 °C’de 2 saat 150 rpm’de inkiibe edilmistir. Bu asama bittikten
sonra 6rnek pH’s1 IM NaHCOs ile 7.2 ye ayarlanmistir. Ardindan 6rneklerin igerisine 7.5 mL membran
filtre (0.45 um) ile sterilize edilen safra pankreatin soliisyonu ve 7.5 mL membran filtre (0.45 pm) ile
sterilize edilen NCI-KCI tuzlarn eklenmis ve 6rnekler 37 °C’de 2 saat 150 rpm’de inkiibe edilmistir
(Yilmaz ve ark., 2020).

Inkiibasyondan alinan o6rneklerden %0.85°lik serum fizyolojik su ile seri diliisyonlar
hazirlanmigtir. MRS agara inokiilasyon sonras1 30°C’ye ayarlanmis inkiibatdrde, anaerobik kosullarda
72 saat sliresince inkiibasyona birakilmistir. Sonuglar log kob/g olarak ifade edilmistir.

2.4. Canlilik oranlarinin belirlenmesi

Orneklerde simule edilmis gastrointestinal sindirim oncesi ve sonrasi toplam LAB sayisi
belirlenmis ve LAB canlilik oranlar1 agagidaki formiile gére (1) verilmistir.

% Canlilik = Sindirim sonrast TLAB % 100 (1)

Sindirim 6ncesi TLAB

2.5. pH analizi

Tiim 6rneklerden 2 g tartilip lizerine 20 mL saf su eklenerck homojenize edilmis ve pH metrenin
(Hanna Instruments Digital, Bench-model pH Meter Model HI-2210) probu homojenize G6rnek
numunelerinin igerisine daldirilarak 6l¢iim islemi gerceklestirilmistir.

3. Bulgular ve Tartisma
3.1. Simiile edilmis gastrointestinal sindirim oncesi ve sonras1 TLAB sayimi sonuclari

Analize alinan gida 6rneklerin simiile edilmis gastrointestinal in vitro sindirim 6ncesi ve sonrasi
TLAB sonuglari Cizelge 2’de sunulmustur. Sindirim Oncesi toplam LAB sayis14.76 kob/g ile7.52 kob/g
arasinda degismistir. En yiiksek LAB sayist1; endiistriyel kefir drneginde saptanmistir. Endiistriyel kefiri;
6.99 kob/g ile ev kefiri, 6.84 kob/g ile ev tursusu, 5.41 kob/g koyun siitiinden yapilan geleneksel yogurt,
4.76 kob/g ile inek siitlinden yapilan geleneksel yogurt takip etmistir. Endiistriyel karigik tursu,
endiistriyel salgam, ev tarhanasi ve eksi mayali hamurdan yapilan ekmek orneklerinde LAB
bulunamamugtir.

Kefir, dogal probiyotik mikroorganizma iceren bir gidadir. Kefir daneleri zengin bir bakteri
topluluguna sahiptir ve Lactobacillus tiirleri baskin bakteri tiirleri arasindadir. Leuconostoc,
Streptococcus ve Lactococcus tiirleri de kefir LAB izolatlar1 arasinda olup LAB ile birlikte baslica
Acetobacter spp. kefir tanelerinde bulundugu da gosterilmistir (Purutoglu ve ark., 2020). Tan ve Ertekin
(2017), kefir orneklerinin LAB sayisinin depolamanin ilk giiniinde, 10® kob/g oldugunu, depolama ile
LAB ayisinin 1 log kob/g diistiglinii daha sonra ise bakteri miktarinin tekrar ayni seviyeye ulastigini
belirlemislerdir. Karabiyikli ve Dastan (2016), piyasadan topladiklar1 endiistriyel kefir 6rneklerinde
1.14, 5.74 ve 7.86 log kob/g LAB bulundugunu ifade etmislerdir. Ayn1 ¢alismada geleneksel olarak
iiretilen kefirlerde 6.54 ile 7.55 log kob/ml LAB bulundugu belirlenmistir. Bu anlamda bu ¢alismada
elde edilen LAB sayilarinin, Karabiyikli ve Dastan (2016) ve Tan ve Ertekin (2017) tarafindan bildirilen
sonuglarla uyumlu oldugu goriilmiistiir.
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Cizelge 2. TLAB sayimi1 sonuglari (log kob/g)

Uriinler TLAB-1" TLAB-2" Canlihk oram
(%)

Geleneksel Kefir 6.99+0.14 5.01+0.03 71.67

Endiistriyel Kefir 7.52+0.23 4.1+0.08 54.52

Inek Siitiinden Yapilan 4.76+0.36 TE

G™Yogurt

Koyun Siitiinden Yapilan 5.41+0.02 3.14+0.54 58.04

G.Yogurt

Endiistriyel Yogurt-A TE™ TE

Endiistriyel Yogurt-B TE TE

G. Karisik Tursu 6.84+0.05 240 29.23

Endiistriyel Karigik Tursu TE TE

Endiistriyel Salgam TE TE

G.Tarhana TE TE

Endiistriyel Eksi Ekmek TE TE

*: Sindirim 6ncesi TLAB** Sindirim sonrasi TLAB ***: Geleneksel ****TE: Tespit edilemedi

Geleneksel kefir numunesinde simiile edilmis gastrointestinal sindirim sonrasinda LAB
miktarmin yaklasik 2 log kob/g diistiigii, endiistriyel kefir numunesinde 3,5 log kob/g distiigii
saptanmis, bu degerler geleneksel kefir 6rneginde 5.01 log kob/g, endiistriyel kefir 6rneginde ise 4.1 log
kob/g olmustur. Yilmaz ve ark. (2020), trettikleri kefir 6rneklerinde simiile edilmis gastrointestinal
sindirim dncesi ve sonrast LAB sayimi analizi yapmislardir. Kefir numunelerinin LAB sonucunun 9.79
log kob/g oldugu, simiile edilmis gastrointestinal sindirim sonrast LAB sonucunun ise 6.65 log kob/g
oldugu tespit edilmistir. Calismada kefir numunelerinin simiile edilmis gastrointestinal sindirimi sonrasi
laktik asit bakteri igeriginin 2-3.5 log kob/g azaldig1 goriilmiistiir.

Bu calismada, LAB’larin canli kalma oranlaria bakildiginda her iki kefir 6rneginde de %50 nin
iizerinde canlilik oldugu ancak geleneksel kefirde bu oranin daha yiiksel oldugu belirlenmistir (%71.67).
Bu durumun endiistriyel kefirdeki suslarm sindirim kosullarina daha dayaniksiz olmasindan
kaynaklandig1 diisiintilmektedir.

Inek ve koyun siitiinden yapilan geleneksel yogurt drneklerinde laktik asit bakteri miktarinin
sirasi ile 4.76 log kob/g ve 5.41 log kob/g oldugu belirlenmistir. Karacaoglu ve Ozdemir (2021),
tarafindan ytiriitiilen ¢alismada, Erzurum cevresinde yogurt iiretiminin yapildig1 firmalardan toplanan
numunelerde LAB sayimi analizi yapilmistir. Analiz sonuglari incelendiginde yogurt 6rneklerinde LAB
sayisim, 10° ve 107 kob/g araliginda oldugu tespit edilmistir. Durak ve ark. (2008) tarafindan yapilan
baska bir calismada yogurtlarda LAB sayisinin 50x10°-300x10° log kob/g arasinda degistigi
belirlenmistir. Siitiin kaynag, temin edildigi bolge, kullanilan kiiltiiriin mikroorganizma kompozisyonu
mikrobiyal floray1 etkilemektedir.

Endiistriyel yogurt 6rneklerinde ise LAB tespit edilememistir. Simiile edilmis gastointestinal
sindirim sonrast yapilan laktik asit bakteri sayiminda, inek siitiinden yapilan geleneksel yogurt
ormeginde LAB tespit edilememistir. Koyun siitiinden yapilan 6rnekte LAB’ larin bir kismi canli kalmis
ve bu ornekte 3.14 log kob/g LAB tespit edilmistir. Koyun siitiinden yapilan yogurtta LAB’larin canli
kalma oram1 %58.4 olarak belirlenmistir. Canli mikroorganizmalarin tiiketilen iiriinde var olmasi
yOniinde bir tercih yapilacagi zaman, koyun siitiinden yapilan yogurdun daha iyi olabilecegi bu ¢aligma
ile belirlenmistir.

Endiistriyel tursu 6rneginde simule edilmis sindirim Oncesi ve sonrasi LAB bulunamamustir.
Geleneksel tursu orneginde ise 6.84 log kob/g LAB belirlenmistir. Senol ve ark. (2019) tarafindan
yapilan ¢alismada, endiistriyel tursu, limon tuzu ilaveli ve limon tuzu olmadan tiretilen geleneksel tursu
orneklerinde LAB sayimi yapilmistir. Bu arastirmacilar endiistriyel tursu 6rneginde laktik asit bakterisi
bulunmadigini, limon tuzu ilaveli ve limon tuzu olmadan iiretilen geleneksel iiretim 6rneklerde ise sirast
ile 4.19 log kob/g ve 4.15 log kob/g LAB bulundugunu ortaya koymuslardir. Belirtilen bu degerler,
bizim elde ettigimiz degerlerden yiiksektir. Aradaki farkliliklar muhtemelen sebzelerin mikroflora
farkliligi ile tursunun bekletilme siirelerinin farkliligindan kaynaklanmaktadir.
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Tursu, laktik asit fermantasyonu ile iiretilen bir {iriin oldugundan potansiyel bir probiyotik
mikroorganizma kaynagi olarak diistiniilmektedir ki mevcut ¢alismada belirlenen toplam LAB sayisi
probiyotik gidalarda bulunmasi gereken toplam probiyotik bakteri sayisi alt sinirt olan 10° degerinden
yiiksektir. Ancak, LAB’lar probiyotik mikroorganizmalarin dnemli bir gurubunu olustursa da biitiin
LAB’lar probiyotik bakteri sinifina dahil degillerdir. Bu nedenle, bu ¢alismada toplam LAB sayisinin,
6.84 log kob/ g olmasi, bu mikroorganizmalarin probiyotik mikroorganizma olarak nitelendirilmesi
anlamina gelmemelidir. Nitekim, bu iddia Tokatl ve ark. (2015) tarafindan da dogrulanmistir. Bu
arastirmacilar, geleneksel ¢ubuk tursularindan izole edilen ve probiyotik oldugu diisiiniilen LAB’larin
mide ortaminda dayanikliligini, safra tuzlarina karsi direncini ve pepsin-pankreatin varliginda
canliliklarint incelenmistir. Elde edilen 39 sustan 22 tanesinin probiyotik mikroorganizma olma
potansiyeline sahip oldugunu saptamiglardir.

Bir mikroorganizmanin probiyotik mikroorganizma olarak nitelendirilmesi kosullarindan birisi
bu mikroorganizmalarin, bagirsaklarda canlilifim siirdiirerek, ¢ogalarak ve kolonize olarak, patojen
mikroorganizmalar ile besin gibi bilesenler i¢in rekabete girmesidir. Bu caligmada, geleneksel tursuda
6.84 log kob/g olan LAB sayisinin simiile edilmis gastrointestinal sindirim sonrasi, 2 log kob/ g’ a
diismiis olmas1 tursudaki mevcut LAB’larin bagirsak sisteminde canliliklarini 6nemli oranda yitirdiginin
delilidir. Nitekim geleneksel karisik tursuda LAB canli kalma oranimin %?29.23 oldugu ortaya
konulmustur.

Tursu, meyve sebzelerin yiiksek tuz igeren (%10 civarinda) (Diker ve ark., 2021) salamurada
dayaniklilik kazandigi bir {iriindiir. Asir1 tuz alimimin kan basincinin yiikselmesiyle 6liim ve sakatlik
sorunlarina neden olan kardiyovaskiiler hastalik riskini arttirdigi bilinmektedir. DSO’ye gore
yetiskinlerde giinliik tuz miktari tiiketimi %5’in altina diigtirilmelidir. Tuz alimin giinde 1 g azaltmanin,
iskemik kalp hastalig1 riskini yaklasik %4 ve inme riskini yaklasik %6 azaltabilecegi bildirilmektedir
(Tan ve ark., 2022).

Sonug olarak tursuda LAB bulundugu ancak LAB’larin canliliklarini 6nemli oranda yitirdigi ve
canlilik oraninin %29’ a diistiigii belirlenmistir. Bununla birlikte PCR gibi molekiiler testler ve diger
probiyotik mikroorganizma varligin1 ortaya koyacak kiiltiirel sayimlar ile probiyotik mikroorganizma
varligi tam olarak ortaya koyacak ileri caligmalara ihtiyag¢ vardir.

Endiistriyel salgam suyu, eksi mayali hamurdan yapilan ekmek ve tarhana 6rneklerinde simiile
edilmis gastorintestinal sindirim dncesi ve sonrasi yapilan laktik asit bakteri sayiminda bu 6rneklerde
LAB olmadig tespit edilmistir. Daha 6nce yapilan calismalarda bu 6rneklerin LAB sayilar ile ilgili
farkli sonuglar rapor edilmistir. Ornegin, Ozer ve Coksdyler (2015), geleneksel yolla iiretilen 3 farkli
salgam suyu, piyasadan toplanan 14 farkli salgam suyu ve bozulmus veya bozulmakta olan 9 farkli
salgam suyu orneklerinde laktik asit bakteri tayini yapmislardir. Uretilen 3 salgam suyunda LAB
sayisiin; 1.8x10%, 1.1x10° ve 1.6x107 kob/g oldugu belirlenmistir. Piyasadan toplanan 14 farkli salgam
suyunda LAB miktar1; en az 2.4x10* kob/g ve en yiiksek ise 8.6x107 kob/g, bozulmus veya bozulmakta
olan 9 farkli salgam suyu 6rneklerinde laktik asit bakteri miktari; en az 1.4x10° kob/g ve en yiiksek
4.9x10% kob/g olarak saptanmigtir. Cetin ve Duru Arslan (2020), kontrol salgam orneginde 1.98 log
kob/g, %6 misir kirma katkili salgam O6rneginde 1.8 log kob/g, %6 bugday kirma katkili salgam
orneginde 2.13 log kob/g, %3 melas katkili salgam 6rneginde 3.09 log kob/g LAB oldugunu ortaya
koymustur.

Benzer sekilde, Senol ve ark. (2019), Trakya, Kahramanmaras yorelerine ait tarhanalar ile
endiistriyel tarhana numunelerinde LAB bulunamadigmi rapor etmistir. Kayseri, Kastamonu ve Antalya
yorelerine ait tarhana numunelerinde ise sirasi ile; 10, 10° ve 10* kob/g LAB oldugu ayni ¢alismada
belirlenmistir. Bagka bir ¢calismada Kivanc ve Funda (2017), 7 giinliik fermantasyon siirecinin basinda
ve sonunda LAB sayisin1 incelemistir. Fermantasyonun ilk giiniinde 1.32x10%kob/g olan LAB sayisinin
fermantasyonun son giiniinde 4.2x10* kob/g’a yiikseldigi tespit edilmistir. Bu sonuglar, salgam ve
tarhanalarda LAB sayisiin bdlgeden bolgeye ve fermentasyon siiresine gore degisebilecegini
gostermekte ve bizim bulgularimizi dogrulamaktadir.

Eksi mayali ekmek numunesi laktik asit bakteri sayimi ve simiile edilmis gastrik kosullar sonrast
yapilan laktik asit bakteri sayimi sonucunda drneklerde LAB tespit edilememistir veya < 10 olarak
belirlenmistir. Eksi maya yiiksek oranda LAB igermektedir. Bakirci ve Ergun (2017), Izmir ilinde
bulunan 10 farkl yerel firmdan aldiklar1 eksi hamur érneklerinde 1.2x107 kob/g- 2.5x10® kob/g LAB
oldugunu tespit etmislerdir. Eksi mayada yiiksek oranda LAB bulunmasina ve bunlarin probiyotik olma
potansiyelleri yiiksek olmasina ragmen (Li ve ark., 2019; Kaya ve ark., 2022) eksi mayali hamurdan
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yapilan ve 220°C ve tizerindeki sicakliklarda pisirilen ekmeklerde LAB bulunmamasi beklenen bir
durumdur.

Sonug olarak geleneksel tursu ve kefir drneklerinde LAB sayisinin 6 log ve iizerinde oldugu
diger orneklerde ise 6 log altinda LAB bulundugu belirlenmistir. Biitiin 6rneklerde simiile edilmis
sindirim sonrast LAB miktarinda 6nemli diisiiler kaydedilmis ve canlilik oranlar1 geleneksel kefir igin
%71.67, endiistriyel kefir i¢in %54.2, yogurt (koyun siitiinden yapilan) %58.04 ve geleneksel tursu igin
%29.23 olmustur. Her iki kefir 6rneginde ise yaklasik 7 log kob/g LAB bulundugu, in vitro sindirim
sonucu LAB sayisinda 2-3 log diisiis oldugu belirlenmistir.

3.2. pH analizi

Orneklerin pH analiz sonuglar1 Cizelge 3’de verilmistir. Calismada, geleneksel kefir drneginin
pH degeri 4.03 ve endiistriyel kefir 6rneginin pH degeri 4.19 bulunmustur. Siitiin kefir taneleri ile
asilanmasindan sonra fermantasyon ile pH degeri kademeli olarak diismekte, laktik asit bakterileri ve
maya popiilasyonlart artmaktadir. Kefirin 22 saatlik fermantasyon sonunda pH degerinin 4.55, laktik
asit bakteri miktarinin ise 8.64 log kob/g oldugu bildirilmistir (Guzel-Seydim ve ark., 2005).

Koyun siitiinden yapilan ev yogurdu, inek siitiinden yapilan ev yogurdu ve endiistriyel yogurt
numunelerinin pH degerleri sirasi ile 3.58, 3.75, 3.99 olarak tespit edilmistir. Celikel Gilingor ve ark.
(2020), koyun siitiinden yapilan yogurt, inek siitiinden yapilan yogurt ve endiistriyel yogurt 6rneklerinde
pH analizi yapmis ve sonuglari sirasi 3.66, 3.83, 4.41 olarak belirlemislerdir.

Cizelge 3. pH degerindeki degisimler

Uriinler pH Analizi
Geleneksel Kefiri 4.03
Endiistriyel Kefir 4.19
Inek Siitiinden Yapilan G. Yogurt 3.75
Koyun Siitiinden Yapilan G. Yogurt 3.58
Endiistriyel Yogurt-A 3.99
Endiistriyel Yogurt-B 4.01
Karisik Geleneksel Tursu 3.24
Karigik Endiistriyel Tursu 3.57
Endiistriyel Salgam 3.27
Geleneksel Tarhana 5.01
Endiistriyel Eksi Ekmek 5.44

Karigik ev tursusu ve endiistriyel tursu numunesinde pH degeri sirast ile 3.24, 3.57 olarak
belirlenmistir. Cetin (2011), depolamanin ilk giiniinde tursu 6rneginde pH degerinin 3.58 oldugunu
belirlemistir.

Endiistriyel salgam numunesinin pH degeri 3.27 olarak bulunmustur. Bu sonuglar Bayram ve
ark. (2014) tarafindan bildirilen sonuglar ile uyumludur.

Ev tarhanasi 6rneginin 5.01 pH degerine sahip oldugu tespit edilmistir. Avci ve ark. (2019),
bugday unu+kefir, bugday unutyogurt, misir unutkefir, misir unutyogurt formiilasyonlarini
kullanarak, ii¢ farkli fermantasyon siiresinde tretilen tarhana Orneklerinin pH degerlerini
incelemislerdir. En diisik pH degeri, bugday unu+yogurt fomiilasyonu ile 24 saat fermente edilen
tarhana 6rneginde 6.67 pH olarak belirlenmistir. En yiiksek pH degerinin, misir unu+kefir formiilasyonu
ile 48 saat fermente edilen tarhana 6rneginde 5.88 pH oldugu tespit edilmistir.

Laktik asit bakterilerinin {irettikleri laktik asit ile ortamin pH’sini diisiirdiikleri bilinmektedir.
Bizim ¢alismamizda pH degeri en diisiik olan karisik geleneksel tursu 6rneginin (3.24) en yiiksek LAB
degerlerine (6.84) sahip Orneklerden biri oldugu belirlenmistir. Diger taraftan pH degeri en diisiik
orneklerden birisi olan endiistriyel salgam orneklerinde (3.27) LAB bulunamamistir. Bu durum, bu
iiriinde koruyucu madde bulunmasi nedeniyle LAB’larin inhibe olmasi seklinde agiklanabilir.
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4. Sonuc¢

Bu caligmada bazi fermente gidalarin, LAB sayilar1 ve LAB’ larin simule edilmis
gastrointestinal sindirim sonrasi canli kalma oranlar1 incelenmistir. Bir gidanin probiyotik olarak
tanimlanabilmesi i¢in saglik yararlarindan en az birinin canli mikroorganizma tarafindan saglanmasi,
bir mikroorganizmanin probiyotik olarak nitelendirilebilmesi i¢in ise o mikroorganizmanin diger pek
cok ozellige ilaveten bagirsaklarda canli kalma ve kolonize olmasi Ozelligine sahip olmasi
gerekmektedir. Ayrica bir gidada en az 10° canl1 probiyotik bakteri olmasi gerektigi de bildirilmektedir.
Bu baglamda bu ¢alismada analize alinan 6rneklerin toplam LAB sayilariin, (kefir ve geleneksel tursu
hari¢) bu limitin altinda kaldig1 goriilmiistiir. Ayrica bu gidalarin tamaminda LAB’larin canligimin
bagirsak sisteminde 6nemli oranda yitirdigi de belirlenmistir. Ancak probiyotik mikroorganizmalarin
tamaminin LAB grubunda olmadigi ve bu g¢alismada o gruplarin belirlenmedigi de g6z Oniinde
bulunduruldugunda baska kiiltiirel ve molekiiler testler ile bu gidalardaki probiyotik mikroorganizma
sayisinin  kesin olarak ortaya konulmasi gerekmektedir. Bununla birlikte, LAB grubundaki
mikroorganizmalarin tamaminin probiyotik 6zellige sahip olmadigi da unutulmamalidir. Bu nedenle,
yiiksek tuz igerigi nedeniyle saglik iizerindeki olumsuz etkilere sahip oldugu bilinen tursunun benzer
sekilde yiliksek oranda karbonhidrat igeren eksi mayali ekmegin “probiyotik kaynagi” oldugu igin
tilketilmesinin bireylere faydadan ¢ok zarar saglayacag: diisliniilmektedir. Probiyotik mikroorganizma
kaynag1 olarak tursu yerine, kefir ve koyun siitiinden yapilan yogurdun tiiketilmesi, tiiketici sagligi
acisindan daha dogru bir tercih olacaktir. Yogurt gibi saglik iizerindeki etkileri cok sayida klinik ¢caligma
ile ortaya konan gidalarin sagliga faydali canli ve aktif mikroorganizma igeren gidalar oldugu, bu
driinlerin ~ glinlik diyetin bir parcast olarak diizenli olarak tliketilmesiyle probiyotik
mikroorganizmalardan beklenen etkinin de elde edilebilecegi bu calismadan ¢ikarilan sonuglardan
birisidir.
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Abstract: The quality and consistency of historical temperature and precipitation
records are extremely important to researchers who study water resources,

hydrological processes, and climate change. In this regard, Homogeneity tests are
helpful tools for managing the accuracy and consistency of the data. In this study,
the homogeneity of long-term annual and seasonal precipitation and temperature
records obtained from five meteorological stations located in Van, Turkey, is

examined using Standard Normal Homogeneity (SNHT), Pettitt (PT), Buishand
Range (BR), and Cumulative Deviation (CD) tests at a significance level of 0.05.
Finally, change-points were determined for each station where the homogeneity

was disturbed. As a result of the study, there is mostly homogeneity in the

precipitation data, and the homogeneity in the temperature data is deteriorated.
The results of this study constitute a source of information in terms of the
reliability of the meteorological data series. As a result, the reliability of the data
should be questioned in the hydrological studies to be carried out in the Van
region and the data should be made reliable in the projects to be carried out.
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Anahtar Kelimeler
Degisim noktasi,

Oz: Su kaynaklari, hidrolojik siiregler ve iklim degisikligi alanlarini inceleyen

arastirmacilar, tarihsel sicaklik ve yagis serilerinin dogruluguna ve tutarliligina

bliylik 6nem vermektedir. Bu baglamda, homojenlik testleri, verilerin
dogrulugunu ve tutarlilifin1 yonetmek icin yararli araclardir. Bu calismada,

Tirkiye'nin Van ilinde bulunan bes meteoroloji istasyonundan alinan uzun siireli

yillik ve mevsimsel yagis ve sicaklik kayitlarinin homojenligi, Standart Normal

Homojenlik (SNHT), Pettitt (PT), Buishand Range (BR) ve Kiimiilatif Sapma

(CD) testleri kullanilarak 0.05 anlamlilik diizeyinde incelenmistir. Son olarak
homojenligin bozuldugu her istasyon i¢in kirilma noktalar1 tespit edilmistir.

Homojenlik testi, Calismanin  sonucunda yagis verilerinde ¢ogunlukla homojenligin oldugu

Sicaklik, sicaklik verilerinde ise homojenliginin bozuldugu sdylenebilir. Bu ¢alismanin

;/al} sonuglari, meteorolojik veri serilerinin giivenilirligi a¢isindan bir bilgi kaynagi
agls

olusturmaktadir. Sonug¢ olarak Van bolgesinde yapilacak olan hidrolojik
calismalarda verilerin giivenilirligi sorgulanmali ve yapilacak projelerde verilerin

giivenilir hale getirilmesi gerekmektedir.
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1. Introduction

Analysis of climate change has become necessary given the possibility that the impact of
extreme events such as heavy rainfall or rising temperatures in recent times is attributable to climate
change, which causes danger and anxiety to communities, the natural environment, and human life
(Yozgathgil & Yazic1 2016; Yiice et al.,2019; Yildinnm & Rahman 2022). Climate analysis requires
accurate measurement of climate data. However, issues resulting from a variety of parameters, such as
the environment around the station, the accuracy of the measurement tool, the relocation of stations,
equipment changes, equipment losses, equipment shifts, and changes in the collection method, have an
impact on the climate data (Karl & Williams 1987; Khaliq & Ouarda 2007; Dikbas et al., 2010; Sahin
& Cigizoglu 2010; Ho Ming & Yusof 2012; Yuce et al., 2022; Yuce & Esit 2021). These aspects need
to be recognized and considered for scientific and meteorological analyses.

Hydrological time series, one of the climate data, are the outputs of certain natural conditions
and may show irregular fluctuations. In addition, these series may show significant trends or jumps
(Wong et al., 2006; Yiice et al., 2018; Elzeiny et al., 2019). The reliability and homogeneity of the data
should be assessed before beginning a research study, climate analysis, water resources management, or
project planning. The homogeneity analysis is a crucial component of this quality control. Once the
series' homogeneity has been established, the non-homogeneous series should either be adjusted or
excluded from the analysis (Ahmad & Deni 2013; Yozgatligil & Yazic1 2016; Kazemzadeh & Malekian
2018). Consistency issues might arise when non-homogeneous climatological time series is used in the
project and research study.

Ho Ming & Yusof (2012) examined the homogeneity of the daily rainfall series of 33
Damansara, Johor, and Kelantan stations in the Malaysian Peninsula using four methods: the SNHT, the
BR test, the Pettitt test, and the VNR test. They observed that these 33 stations were homogeneous in
their annual average and annual maximum rainfall, and there was no homogeneity in only 12.12% of
their annual median. Agha et al. (2017) investigated the homogeneity of the recorded long-term
precipitation data of 9 meteorological stations in northern Iraq, namely Mosul, Dohuk, Arbil,
Suleimaniyah, Kirkuk, Telaffer, Sinjar, Dokan, and Derbandghan, with the Pettit, SNHT, BR, and VNR
tests at a significance level of 0.05. the SHNT test results based on annual data indicate that there was
no homogeneity among the four stations. Mosul and Derbandghan stations also showed inhomogeneous
Pettit results. Elzeiny et al. (2019) obtained precipitation data from 30 meteorological stations along the
Upper Blue Nile River Basin between 1901 and 2013. they determined the precipitation data
homogeneity by using SNHT, BR, Pettitt, and VNR tests, frequently used in the literature. According
to the SNHT and BR tests results, the annual series of all stations were homogeneous and classified as
“useful” at the 95% significance level. However, in the Von Neumann ratio test, the homogeneous data
of six stations were not homogeneous. It revealed that 14 stations were not homogeneous according to
the Pettitt test, which confirmed that it was more sensitive in detecting inhomogeneity for time series.
Senocak & Emek (2019) examined the homogeneity of Monthly Precipitation data of 46 meteorological
stations in the Eastern Anatolia Region with the Run and Pettitt tests. The results showed that the data
of seven stations according to the Pettitt test and one station according to the Run test were not
homogeneous. The results of the two tests determined the homogeneity of the precipitation data of 38
stations. In the study performed by Yilmaz (2021), homogeneity analysis was applied to the monthly
average temperature (°C) and total precipitation (mm) data of 17 stations between 1961 and 2019 in the
Black Sea Region. The analysis was conducted in annual, seasonal, and monthly time series.Von
Neumann ratio test, Run, Pettit, BR, and SNHT were used among the homogeneity methods.
Considering the results of the study, while the annual precipitation data was found non-homogeneous at
three stations according to the Buishand, SNHT, and Von Neumann tests, four stations showed as non-
homogeneous according to the Pettitt in one station according to the Run test. Apart from these stations,
no deterioration in homogeneity was observed at other stations. In the annual temperature data, it was
observed that homogeneity was impaired at all stations according to the Pe