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KISALTMALAR LISTESI

TPS : Tedavi Planlama Sistemi

MLC : Cok yaprakli kolimator

Kw : Kilowatt

kV  :Kilovolt

MV  : Megavolt

FFF : Diizlestirici filtresiz

FF : Diizlestrici filtreli

dmaks : Dozun maksimum oldugu derinlik.

HD  : High Definition

SSD : Source Skin Distance

VMAT: Volumetric Modulated Arc Therapy
Set-up : Kurulum

IGRT: Gorlintii Rehberliginde Radyoterapi (Image Guided Radiotherapy)
IMRT: Yogunluk Ayarli Radyoterapi (Intensity Modulated Radiotherapy)
BS :PTW Beamscan Su fantomu

SN :Sun Nuclear 3D Su Fantomu

MP  : PTW MP3 Su Fantomu

IN - Inplane

CR : Crossplane

TAR : Tissue Air Ratio (Doku Hava Orani)

TPR : Tissue Phantom Ratio (Doku Fantom Orant)

Ql - Quality Index



OZET

Su fantomlari; cihaz parametrelerinin degerlendirilmesinde ve tedavi planlama
sistemlerinin olusturulmasinda 6nemli yere sahiptir. Bu ¢alismanin amaci, farkli su
fantomlar1  kullanarak lineer hizlandiricilarin  temel enerji  parametrelerini
karsilagtirmaktir. Calismada PTW Beamscan, PTW MP3 ve Sun Nuclear 3D Scanner
marka/ model su fantomu kullanilmistir. Bu ¢alismada lineer hizlandiricinin 6 MV,
10MV diizlestirici filtreli foton enerjileri, 6 MV ve 10 MV diizlestirici filtresiz foton
enerjilerinde 4x4, 10x10 ve 30x30 cm? kare alanlar i¢in 6l¢iim yapilmustir. Bu enerji
ve alanlarda, PTW marka su fantomlari i¢in 0.125 cc hacimli Semiflex model iyon
odasi kullanildi. Sun Nuclear marka su fantomunda SNC 125¢ iyon odas1 kullanilmis
olup, PDD ve Profil degerleri 6l¢giildii. Bu Olg¢timler su fantomlarinin teknik
ozelliklerine gore iki ayr1 grupta analiz edildi. Tiim su fantomlarinda adimli 6lgtimler
alindi. PTW Beamscan ve Sunnuclear 3D Scanner’ da ek olarak siirekli 6lgtimler
alindi. Kullanilan ii¢ ayr1 fantomun hazirligi ayni kosullar altinda yapildi. Bu
calismada kullanilan su fantomlar1 kurulum kolayligi, tekrarlanabilir olmalar1 ve
tanklarinin yapist bakimindan farklilik gostermektedir. Ancak PDD ve profil

parametrelerine ait dlgiimler benzer sonuglar vermistir.

Anahtar Sozciikler: PDD, Profil, Su fantomu, Tps



SUMMARY

Comparision of Linear Accelerator Modeling Parameters By Using Different

Water Phantoms

Water phantoms have an important place on evaluating device parameters and
generating treatment planing systems. The purpose of this study is comparing
modeling paremeters of linear accelerators by using different water phantoms. Three
different water phantoms were used in the study, PTW Beamscan, PTW MP3 and
Sunnuclear 3D Scanner. In the study, the measurements were taken on 4x4, 10x10
and 30x30 cmz2 fields for the photon energies of 6MV and 10 MV with flattening filter
and 6 MV and 10 MV without flattening filter. Semiflex ion chamber with the volume
of 0.125 cc were used on PTW water phantoms and SNC ion chamber with the
volume of 0.125 cc were used on Sun Nuclear water phantoms wtih these energies
and fields. PDD and profile values were measured and analyzed in two seperate
groups according to the technical specifications of the water phantoms. Stepwise
measurements were taken on all water phantoms. Additionally, continuos
measurements were taken on PTW Beamscan and Sunnuclear 3D Scanner. Setup of
the three phantoms used in this study were done under the same conditions. The water
phantoms used in this study differ in terms of ease of installation, reproducibility and
the structure of the tanks. But similar results were optained on the PDD and profile

measurements.

Key Words: PDD, Profile, Water phantom, Tps



1. GIRIS VE AMAC

Radyoterapi, iyonlastirici radyasyon kullanarak kanser hastaliginin tedavi
edilmesidir. Radyoterapinin temel amaci, regetelendirilen dozun, hedef dokuya
homojen bir sekilde verilerek tiimoriin yok edilmesi, ayn1 zamanda kritik organlarin

ve saglikli dokularin miimkiin olan en az dozu alarak korunmasidir.

Lineer hizlandiricilar, radyoterapi tedavilerinde etkin olarak kullanilan
cihazlardir. Hastalara dogru bir tedavi uygulanabilmesi i¢in, cihazlara yonelik olan

1s1n1in kalitesi ifade eden temel parametrelerinin dogru bir sekilde 6l¢iilmesi gerekir.

Lineer hizlandiricilarin temel parametrelerinin dl¢limiinde fantomlar kullanilir.
Fantomlar insan viicudunu taklit eden malzemelerdir. Insan viicudunun biiyiik bir
boliimii sudan olusur. Viicudun diger béliimleri olan yumusak doku ve kaslarin atom
numarasi, suyun atom numarasina olduk¢a yakindir. Bu nedenle temel parametrelerin

Ol¢timiinde su fantomu kullanilir.

Bu ¢alismanin amaci, lineer hizlandirict temel parametreleri olan yiizde derin doz
egrileri ve doz profil egrilerini, farkli su fantomlar1 kullanarak ol¢iip, elde edilen

sonuglar1 karsilagtirmaktir.



2. GENEL BILGILER

2.1. Lineer Hizlandiricilarin Dozimetrik Karakteristikleri

Lineer hizlandiricilarin kurulum agamasinda kabul testlerinden gecmesi gerekir.
Bu testlerin amaci, radyasyon kalitesinin belirlenen referanslara uygunlugu kontrol
etmek ve gelecekteki dozimetrik Olglimlerin yapilabilmesi i¢in bir taban ¢izgi
olusturmaktir. Cihazin mekanik olarak islevsel oldugundan ve AAPM (Amerikan
Medikal Fizikeiler Birligi) TG-142 de belirtilen tolerans degerler i¢cinde ¢alistigindan
emin olunmasi gerekir. Bu dl¢limler, ileri tarihlerde periyodik olarak yapilacak olan
kalite giivence Ol¢limleri sirasinda kontrol edilecek temel parametre degerlerini

belirler (1, 2, 3).

2.2. Doz Hesaplama Algoritmalari

Tedavi planlama sistemleri {i¢ boyutlu konformal radyoterapi (3BKRT) ve
yogunluk ayarl radyoterapi (IMRT) tekniklerine cevap verecek sekilde ii¢ boyutlu
doz hesab1 yapabilen doz hesaplama algoritmalari ile ¢alismaktadir. Doz hesaplama
algoritmalarinin, kabul edilebilir dogrulukta doz hesaplarini yapmasi gerekmektedir
(4). Algoritmalarin dogru hesap yapabilmesi i¢in yilizde derin doz egrileri ve doz
profili egrileri olarak ifade edilen temel parametrelere ihtiyaci vardir (10, 11). Bu
parametrelerin 6lgiilebilmesi i¢in, su fantomu ve iyon odasi gibi dozimetrik

ekipmanlarin bulunmasi gereklidir (5, 6, 7, 8, 9).

2.3. Temel Parametrelerin Hesaplanmasi I¢in Gerekli Olciim Tipleri

2.3.1. Yiizde derin doz

Doz degerindeki degisimi, radyasyon iireten cihazlarin kalibre edildigi
referans kosullara gore diizenleyebilmek icin kullanilan tanimlardan biri Yiizde Derin

Doz (YDD; PDD, Percentage Depth Dose) dur.

PDD, herhangi bir derinlikte absorbe edilen dozun, referans derinlikte absorbe

edilen doza oraninin yiizde (%) cinsinden degeri olarak tanimlanir. PDD degerleri



Olgtimlerle elde edildiginden dolayi, kiigiik alanlarda alinan Gl¢iimlerin hassas ve

dogru olmasi oldukga 6nemlidir (13). Dd, herhangi bir derinlikte absorbe edilen dozu,

dmaks ise referans derinligi ifade etmektedir.

Dy
PDD = x 100

Amaks

Percentage Depth Dose (PDD)

DOZ{%)

s BEAM SCANNER - PDD-10X10-X06

BEAMSCANNER -PDD-10X10-X10_FFF-C

Sekil 2.1. Farkli enerjilerde 10x10 kare alandaki PDD grafikleri

Kaynak: 10x10 alanda PDD grafigi. https://www.researchgate.net/figure/Example-of-
percentage-depth-dose-PDD-curves-created-by-X-ray-beam-obtained-with-6-MeV_figl 258541278

2.3.1.1. Kalite indeksi

Kalite indeksi, foton radyasyonunun kalitesini ifade eden bir parametredir.
Bu ¢aligmada IAEA TRS 398 ve DIN 6800-2 (2008)’ e gore kalite indeksi

hesaplatildi (13).


https://www.researchgate.net/figure/Example-of-percentage-depth-dose-PDD-curves-created-by-X-ray-beam-obtained-with-6-MeV_fig1_258541278
https://www.researchgate.net/figure/Example-of-percentage-depth-dose-PDD-curves-created-by-X-ray-beam-obtained-with-6-MeV_fig1_258541278

Qi = 1,2661 x ? — 0,0595 formiili kalite indeksi hesabinda kullanildi.
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Formiilde belirtilen Da2go, 20 ¢cm derinlikte alinan, D1go ise 10 cm derinlikteki

yiizde derin doz degerini ifade etmektedir.
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Sekil 2.2. Kalite indeksi i¢in kullanilan rnek gosterim.

Kaynak: Kalite indeksi nedir? https://www.researchgate.net/figure/Experimental-set-up-for-the-
determination-of-the-beam-quality-index-TPR-20-10_figl_ 292739045

2.3.2. Profil

Demet merkezi ekseni boyunca alinan doz dagilimlari, bize gerekli olan hasta
icindeki doz dagilim bilgilerinin sadece bir bolimiinii vermektedir. 2 ve 3 boyutlu doz
dagilimlari, merkezi eksen datalarinin merkez ekseni dis1 profil verileriyle

birlestirilerek hesaplanabilmektedir (13).



Eksen dis1 veriler, merkezi eksen demetine dik olarak, herhangi bir derinlikte
su fantomunda Olgiilebilir. Genel olarak bu derinlikler dmaks (dozun maksimum
oldugu derinlik), 10 cm ve tedavi sisteminin gereksinimleri ile cihaz 6zelliklerine
bagl olarak farkli derinliklerde alinabilir. Eksen disi bir noktadaki dozun merkezi
eksendeki doza orani "eksen dis1 orani" (off-axis ratio, OAR) olarak tanimlanir.
Megavoltaj X-1s11 profilleri, merkez, penumbra ve umbra olarak 3 ayr1 bolgeden

olusur.

Merkezi bolge, geometrik alanin demet merkezi eksenine dogru 1-1.5 cm
iceriye girilerek sinirlandirilan bolge olarak tanimlanir. Geometrik alan ise % 50°lik

doz noktalarinin dagilim bolgesidir (13).

Penumbra bélgesi ise, doz dagiliminin % 80°den % 20'ye hizlica diistiigii
bolgedir. Bu diisiis, kolimatorlerle belirlenen alan kenarlarina, kaynak genisligine ve

lateral elektron sagilimlarina da baghdir (13)

Umbra ise radyasyon alaninin disindaki bolgedir. Sagilmalardan kaynakli

dozlar bu bolgede 6l¢iiliir (13).
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Sekil 2.3. 10x10 kare alanda farkli enerjilerin profil grafigi

Kaynak: Linac twins in radiotherapy. https://www.intechopen.com/books/evolution-of-
ionizing-radiation-research/linac-twins-in-radiotherapy

2.3.2.1. Diizliik

Radyasyon demeti diizliigii (Flatness), merkezi eksende %80°lik doz alaninin

icerisinde pozitif ve negatif yondeki maksimum okuma noktalarinin sayisal degerleri

ile hesaplanarak bulunur.

Standart lineer hizlandirict cihaz 6zelliklerine gére, 10cm derinlikte SSD

100cm’de (diizlestirici varsa) agilabilecek maksimum alan boyutunda (genellikle

40x40cm2) olgiildiigiinde %3 ten az olmalidir (13).

D(+maks) — D(—maks)
X D(+maks) + D(—maks)

F =100

formiilii ile hesaplanir.


https://www.intechopen.com/books/evolution-of-ionizing-radiation-research/linac-twins-in-radiotherapy
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Sekil 2.4. Radyasyon demetinin diizligii

Kaynak: Radyasyon demetinin diizligii nedir? Able, C. M., Hampton, C. J., Baydush, A. H., &
Munley, M. T. (2011). Initial investigation using statistical process control for quality control of
accelerator beam steering. Radiation Oncology, 6(1), 180.

2.3.2.2. Simetri

Radyasyon demetinin simetrisi, merkezden esit uzakliktaki iki ayr1 doz profil

alanmin biiyiikliiklerinin karsilagtirillmasidir. Degerlendirme agisindan en hassas

derinlik olan dmaks derinliginde 6l¢iim alinmalidir. Standart lineer hizlandiricilarda

simetri degerinin %2 'nin altinda olmasi gerekmektedir (13).

Simetri = ( D(X) — D(—X) )maks , formiilii kullanildi.
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Sekil 2.5. Foton profilinde 151n simetrisinin gosterimi
Kaynak: Mahuvava, C, & Du Plessis, F. C. P. (2015). Monte Carlo evaluation of the dose

perturbation effect of hip prostheses for megavoltage photon radiotherapy. Physica Medica, 31, S7.
doi:10.1016/j.ejmp.2015.07.108

2.3.2.3. Penumbra

Penumbra, doz dagiliminin %80 den %20 ye indigi bolgedir. Radyasyon 1sin1
kenarindaki doz oraninin, 151n merkezine olan uzakligin bir fonksiyonu olarak hizla

PR

degistigi alandir. (13).
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Sekil 2.6. Foton profilinde penumbranin gdsterimi

Kaynak: By Sonja Dieterich, PhD, Eric Ford, PhD, Daniel Pavord, BS, MS and Jing Zeng, MD A
Companion to Gunderson & Tepper's Clinical Radiation Oncology Copyright 2016
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3. GEREC VE YONTEM

3.1. Gereg

Tiim Ol¢imler Acibadem Maslak Hastanesi’nde yapilmistir. Listelenmis olan

cihazlar ve programlar ol¢iim siras1 ve sonrasinda kullanilmstir.

Varian TrueBeam lineer hizlandirici
PTW MP3 su fantomu

PTW BeamScan su fantomu

Sun Nuclear 3D su fantomu

PTW Semiflex iyon odast

Sun Nuclear Snc 125c¢ iyon odas1

PTW MEPHYSTO mcc 1.6 su fantomu 6l¢iim programi

© N o g &~ w0 P

Sun Nuclear SNC Dosimetry su fantomu 6l¢lim programi

3.1.1. Varian Truebeam Hizlandirici

Bu tez ¢alismasinda 6, 9, 12 MeV elektron enerjisine ve 6-10 MV ve 6-10MV
FFF foton enerjilerine sahip Varian TruebeamTM lineer hizlandirict kullanilmistir.
Elektron 1sinlamasinda kullanilan aplikatorler 6x6, 10x10, 15x15, 20x20 ve 25x25
cm? bilyiikliigiindedir. Foton enerjilerinde doz hizi araligi FF enerjileri igin 100-
600MU/dk, FFF enerjileri i¢in1400-2400MU/dk’dir. Milenium MLC ve Milenium
HD MLC 6zelligine sahiptir. Milenium MLC’de i¢erde 0,5 cm, disarida 1 cm olmak
tizere 120 adet lif bulunmaktadir. Alan boyutlar1 Source Skin Distance (SSD) 100
cm’de minimum 0,5x0,5 cm?, maksimum 40 x 40 cm? ‘dir. Milenium HD MLC’de
icerde 0,25 cm, disarida 0,5 cm olmak tizere 120 adet lif bulunmaktadir. Alan
boyutlar1 Source Skin Distance (SSD) 100cm’de minimum 0,3x0,3 cm?, maksimum

40 x 22 cm? “dir.

On Board Imager (OBI) ve Portal Vision (PV) goriintiileme sistemine sahip

cihazda kV ve MV mertebelerindeki enerjilerde radyolojik goriintli alinabilmektedir.
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Ayrica OBI sistemi gantrinin 360° donebilme yetenegiyle Cone Beam Computed
Tomography (CBCT) goriintiisii de alabilmektedir. Bu sistemler sayesinde alinan
goriintlilerle organ hareketleri ve pozisyon belirsizlikleri belirlenir ve goriintii
kilavuzlugunda 3 Boyutlu Konformal RT (3DCRT) , IMRT, VMAT, tiim beden veya
yar1 beden 1ginlamalar1, SBRT tedavileri yapilabilmektedir (12).

Sekil 2.7. Varian Truebeam Lineer hizlandirict.

3.1.2. PTW MP3 su fantomu tanki

MP3 su tanki, Ol¢limlerin ¢ok genis alanlarda, dikine, enine ya da egik bir
diizlemde alinmasina olanak saglamaktadir. Detektoriin yatay (horizental) hareket
mesafesi 600x500 mm, dikey (vertikal) hareket yiiksekligi ise 407.5 mm dir. 20 mm
kalinligindaki akrilik duvarlar, tanki ¢carpmalara kars1 dayanikli hale getirmektedir.
Tankin, cihaz merkezine yerlestirilebilmesine yardimei olan merkez ¢izgileri, 6l¢lim

oncesi kurulumu oldukga kolaylastirmaktadir.
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Paslanmaz Celik mekanizmasi, hem su igerisindeki pertiirbasyonu en aza

indirmekte hem de Olgiim esnasindaki pozisyon hassasiyetinin devamini

saglamaktadir. Detektorler bu mekanizma {izerinde 50 mm/saniye hiz ile yer

degistirebilmektedir. Tankin kullanimi i¢in MEPYSTO yazilim1 gerekmektedir (14).

Sekil 2.8. PTW MP3 su fantomu

Kaynak: PTW MP3 su fantomu. http://www.ptw.de/mp3-t_water phantom.html

3.1.3. PTW Beamscan su fantomu

MP3 su fantomundan farkli olarak Beamscan hepsi bir arada ii¢ boyutlu bir su
fantomudur. Yeni gelistirilen teknolojisiyle, kablosuz islem yapma olanagi saglar.

Otomatik kurulum yapabilme 6zelligi kullanici igin biiyiik 6l¢iide kolaylik saglar (15).
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Sekil 2.9. PTW Beamscan su fantomu.

Kaynak: PTW Beamscan su fantomu. User Manual Beamscan, PTW-Freiburg, 2016

3.1.4. Sun Nuclear 3D su fantomu

Bu fantomu diger fantomlardan ayiran 6zellik silindirik yapiya sahip olmasidir.
Su haznesinin yan tarafina monte edilmis kompakt bir elektrometre kullanir ve oda
uzatma kablolarina olan ihtiyaci ortadan kaldirir. Elektrometre, tarama kosullari
degistikge, 6rnegin alan biiyiikliigii, doz orani, vs. gibi ayarlama gerektirmeyen genis

bir dinamik araliga sahiptir (17).
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3D SCANNER"

Sekil 2.10. Sun Nuclear 3D su fantomu

Kaynak: Sun Nuclear 3D su fantomu. Users Guide 3D WATER TANK, SUN NUCLEAR, 2013

3.1.5. PTW Semiflex iyon odasi

Semiflex 0.125 cm? etkin 6l¢iim hacimli iyon odasi, daha ¢ok su fantomlarinda
doz dagilim1 6lgmek i¢in dizayn edilmistir. Tavsiye edilen enerji 6l¢iim aralig1 foton
enerjileri i¢in 30 KV ile 50 MV arasinda iken elektron enerjilerinde 6 MeV ile 50 MeV
araligindadir. Havadaki oOlglimler i¢in (yigilma kapagi) build-up cap ile
kullanilmahidir. Kiiresele yakin sekli itibari ile su fantomunda 3D (3-boyutlu)

olgtimler i¢in uygundur (19).
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Sekil 2.11. Semiflex iyon odasi

Kaynak: http://www.ptw.de/1853.html?&cld=245

3.1.6. Sun Nuclear Snc 125c iyon odasi

SNC125c, 0.125 cc hacimli, profil ve derinlik 6l¢timleri sirasinda yiiksek doz
gradient (egim) bolgelerinin yayilimini azaltan bir tasarima sahip, su gecirmez, tam
korumali, silindirik bir iyon odasidir. Tarama, alan ve referans dozimetresi

Ol¢iimlerinde kullanilmak {izere tasarlanmistir (18).
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Sekil 2.12. Sun Nuclear Snc 125¢ iyon odasi

Kaynak: Sun Nuclear Snc 125¢ iyon odasi. Users Guide Snc 125¢ Detector, SUN NUCLEAR, 2013

3.1.7. MEPHYSTO mcc 1.6 su fantomu él¢iim programi

PTW su fantomu tanki ile 6l¢lim alimirken gerekli olan MEPHYSTO mcc
yazilimi, degisken enerjilerde, alan sekillerinde ve derinliklerde; 6lglim hizi ve
siiresini ayarlamayr miimkiin kilan; output, PDD, diizliik (flatness) ve simetri gibi
kalibrasyon ve kontrol amacl 6l¢iimlerin sayisal ve grafiksel 6l¢iim degerlerini veren
bilgisayar programidir. Bu g¢alismada, MEPHYSTO mcc 1.6 © 2007 versiyonu
kullanilmigtir (16).
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Sekil 3.13. Mephysto 6l¢iim programi

Kaynak: User Manual MEPHYSTO®mc2, PTW-Freiburg, 2012
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3.2. Yontem
3.2.1. Sun Nuclear SNC Dosimetry su fantomu oél¢iim programi
SNC Dosimetry dl¢giim programi 3D fantom ile 6l¢lim alinirken gerekli olan

uygulamadir. PDD, diizliik (flatness) ve simetri gibi kalibrasyon ve kontrol amagh

Ol¢timlerin sayisal ve grafiksel 6l¢iim degerlerini veren bilgisayar programidir (17).

Sekil 3.14. Sun Nuclear 6l¢iim programu.

Kaynak: Users Guide 3D WATER TANK, SUN NUCLEAR, 2013

3.2.2. Su fantomlarmin belirlenmesi

Bu calismada karakterleri bakimindan incelendiginde teknolojik olarak farkl
Ozelliklere sahip olan, ancak temelde ayn1 gorevi listlenen PTW Beamscan, PTW MP3

ve Sunnuclear 3D Scanner marka ve model su fantomlar1 kullanildi.

3.2.3. Output kontrollerinin yapilmasi

Calismada yapilan analizler, rolatif olmasina ragmen, su fantomu 6l¢limlerine
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baslamadan oOnce, Truebeam lineer hizlandiricisinin kati fantom kullanilarak

dozimetrik 6l¢iimleri yapildi.

3.2.4. Su fantomlarmin kurulumu

Olgiimlere baslamak iizere ilk olarak, PTW MP3 su fantomu i¢in hazirliklar
yapildi. Kuruluma baglamadan 6nce su fantomunun rezervuar boliimii saf su ile
dolduruldu. Cihazin kafa boliimii sifir derece konumuna getirildi ve kare alanlar
maksimum boyutlarina acildi. Su fantomunun hizalama ¢izgileri, odada bulunan
lazerler ile kesisecek sekilde hizalandi. Kolimatoriin g¢apraz kil ¢izgileri, su
fantomunun hizalama ¢izgileri ile enine ve boyuna olacak sekilde hizalandi ve su
fantomu bulundugu konuma sabitlendi. Dijital su terazisi kullanilarak su fantomunun
yere olan paralelligi kontrol edildi. Mekanik olarak hizalama islemi tamamlandiktan
sonra, hareket mekanizmasinin kontrol edebilmek, gerekli voltaj degisimlerini
yapabilmek ve alinan Ol¢iimleri bilgisayar yazilimina aktarabilmek i¢in tandem ve
elektrometre baglantilar1 yapildi. Detektoriin  fantom duvarlarina c¢arpmasini
engellemek i¢in, dl¢glim yapilacak kare alanlara gore, detektoriin hareket edebilecegi
giivenli mesafeler belirlendi. Su fantomunun tank béliimiine rezervuar ile gerekli
hortum baglantis1 kurularak, 6l¢iim yapilacak yere kadar su dolduruldu. Hareket
mekanizmasinin diizliigli, su fantomuna uygun olarak iretilen yardimc1 donanim
kullanilarak kontrol edildi. Eksenler birbirine dik olacak sekilde ayarlandi. Semiflex
model iyon odasi, fantom i¢in liretilen sabitleme ekipmanlar1 kullanilarak, ¢apraz kil
yardimiyla suyun yiizeyine paralel olacak sekilde konumlandirildi. Suyun ylizeyi,
kaynak yiizey mesafesi 100 cm olarak ayarlandi. Su fantomu ile bilgisayar yazilimi
arasinda baglant1 kuruldugu yazilim ile kontrol edildi. Isin merkez kontrolii yapildi.
Iyon odasinin efektif okuma noktas1 merkez 1s1na denk gelecek sekilde hizaland1 ve

sistem Ol¢iim i¢in hazir duruma geldi.

PTW Beamscan ve 3D Scanner su fantomlarinda tandem ve elektrometre
boliimleri, fantomlara tiimlesik olarak imal edilmistir. Bu yiizden MP3 su fantomunda
oldugu gibi kablo baglantilar1 gerektirmezler. Ayrica bu fantomlarda otomatik
kurulum 6zelligi bulunmaktadir. Fantomlarin mekanik olarak hizalama ve tanklarina

su doldurma islemi tamamlandiktan sonra MP3 su fantomunda elle yapilan tim
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islemler bu fantomlar tarafindan otomatik olarak tamamlanir. 3D Scanner su

fantomunda 0.125 cc hacimli Snc 125¢ model iyon odas1 kullanildi.

3.2.5. PDD ol¢iimlerinin yapilmasi

PDD olgiimleri, 6 MV, 10 MV, 6 FFF ve 10 FFF enerjilerinde, 30 cm
derinlikten baslayan ve su ylizeyine kadar, belirlenen tarama hizlarinda ve
noktalarinda yapildi. 4x4 cm?, 10x10 cm? ve 30x30 cm? agik alanlar kullanildi. Tiim
su fantomlarinda adimli dlgiimler alind1. Olgiimler igin dedektor hareket adim1 2 mm
olarak belirlendi. Her adimda 0,25 ve 0,50 s sinyal toplama siiresi olacak sekilde
Olctimler alindi. PTW Beamscan ve 3D Scanner Su fantomunda ise adimli 6lgiimlere

ek olarak, her ] mm’ de okuma alinacak sekilde stirekli 6l¢iimler alindi.

3.2.6. Profil élgiimlerinin yapilmasi

Su fantomlarinin kurulum asamasi tamamlandiktan sonra MEPHYSTO ve Do
uygulamalar1 kullanilarak her fantom i¢in 151n merkez kontrolleri yapildi. 10 cm
derinlik kullanilarak, 6 MV, 10 MV, 6 FFF ve 10 FFF enerjiler kullanildi. 4x4 cm?,
10x10 cm? ve 30x30 cm? agik alanlarda dlgiimler alindi. Tiim su fantomlarinda adimli
olgiimler alindi. Olgiimler, dedektdrlerin her adimda 2 mm ilerleyecegi, her adimda
0,25 ve 0,50 saniye bekleyerek 6l¢iim toplayacagi sekilde ayarlandi. PTW Beamscan
ve 3D Scanner Su fantomunda ise adimli dlgiimlere ek olarak, her 1 mm’ de okuma

alinacak sekilde stirekli 6l¢timler alindi.

3.2.7. Verilerin analiz edilmesi

PDD verileri ti¢ farkli fantom kullanilarak elde edildi. Ham veriler fantom
yazilimlarinin kendi format ile kaydedildi. Verilerin analiz edilmesi igin, tim veriler
ayn1 formata doniistiiriildii. Bu doniisiimii saglamak i¢in farkli formattaki kayitlardan
doz ve konum bilgileri alindi ve yeni dosyalar olusturuldu. Bu dosyalarin i¢indeki
veriler aym formatta olacak sekilde diizenlendi. Olgiim verileri ayni1 enerji, alan ve

olciim tipleri olacak sekilde gruplandirildi. Olgiimler adimli ve siirekli olarak alindig
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i¢cin konum ve doz bilgileri arasinda farklarin giderilmesi igin gerekli interpolasyon
islemi uygulandi. Tim PDD verileri dmaks noktalarina normalize edildi.
Karsilastirma; sistemler kendi i¢inde olacak sekilde ve sistemler birbirleri arasinda
olacak sekilde yapildi. 1 cm, 5 cm, 10 cm, 15 cm ve 20 cm derinliklerde alinan yilizde
derin doz okumalar1 karsilastirildi ve aralarindaki yilizde farklar tablolar halinde

diizenlendi.

Profil verileri; 6 MV, 10 MV, 6 FFF, 10 FFF enerjiler, 10 cm derinlik, 4x4, 10x10
ve 30x30 kare alanlarda 6l¢iildii. Verilerin diizenlenmesi i¢in ilk olarak; enine yapilan
olgiimlerden x ve doz siitunlar1, boyuna 6l¢iimlerde ise y ve doz siitunlari 6l¢iim

dosyalarindan alindi. Siitunlar her bir enerji, alan ve 6l¢iim tipine gore gruplandirildi.

Veriler enine ve boyuna olarak iki ayri1 sekilde gruplandirildi. PDD verileri gibi
profil verileri de, adimli ve siirekli olarak alindi. Verilerin konum ve doz bilgileri
arasinda farkin standardize edilmesi icin tliim verilere ayn1 araliklara sahip olacaklari
sekilde interpolasyon islemi uygulandi. Interpolasyon uygulanan veriler 0 cm’ deki
merkezi okuma degerlerine normalize edildi. Profil verilerinde temel parametre olarak

diizliik, simetri ve penumbra hesaplamalar: yapildi.

Profil verilerinin karsilastirmalari, sistemler kendi igerisinde ve sistemler birbiri
arasinda olacak sekilde yapildi. 4x4 alan boyutu i¢in, -4, 4 cm araliginda 1 cm aralikli
alinan okumalar karsilastirildi. 10x10 alan boyutu i¢in, -8, 8 cm araliginda 2 cm
aralikli alinan okumalar karsilastirildi. 30x30 alan boyutu igin -15,15 c¢cm araliginda 5

cm aralikli alinan okumalar karsilastirildi.

Sistemler kendi arasinda karsilastirilirken Beamscan su fantomu igin siirekli
tarama tipinde yapilan 6lgiimlerde BS-C5 0Ol¢iim tipi referans 6l¢iim olarak kullanildi.
Adimli 6l¢iim tipinde ise; Beamscan i¢in BS-SW25, Sun Nuclear i¢in SN-SW25, MP3

su fantomu i¢in ise MP-SW25 6l¢limleri referans olarak kullanildi.
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4. BULGULAR

4.1. PDD Verilerinin Sistemler Aras1 Karsilastirilmasi

Tablo 4.1. 4x4 cm? alanda BS, SN ve MP fantomlarin karsilastiriimasi.

6 MV 4x4 cm? 10x10 cm? 30x30 cm?
Der.(cm) BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK
1 97.20 96.03 -1.22% 97.91 97.17 -0.76% 99.10 98.89 -0.22%
5 83.61 83.94 0.39% 86.17 86.46 0.34% 88.06 88.18 0.14%
10 61.79 61.89 0.17% 66.41 66.58 0.24% 71.02 71.17 0.21%
15 45,28 45.42 0.31% 50.47 50.51 0.08% 56.57 56.57 0.01%
20 33.44 33.46 0.06% 38.15 38.15 -0.01% 44.48 44.44 -0.09%

10 MV 4x4 cm? 10x10 cm? 30x30 cm?
Der.(cm) BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK
1 84.85 82.55 -2.79% 87.18 85.74 -1.68% 93.91 92.63 -1.38%
5 90.93 90.85 -0.09% 91.49 91.79 0.33% 91.72 91.78 0.07%
10 70.87 70.85 -0.03% 73.69 73.70 0.01% 75.93 76.13 0.26%
5 55.01 55.09 0.13% 58.53 58.59 0.10% 62.31 62.27 -0.06%
20 42.90 43.01 0.24% 46.46 46.37 -0.21% 50.90 50.85 -0.11%

6 FFF 4x4 cm? 10x10 cm? 30x30 cm?
Der.(cm) BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK
1 98.60 98.00 -0.61% 98.76 98.27 -0.50% 99.20 98.94 -0.27%
5 81.65 81.88 0.27% 84.46 85.01 0.65% 86.35 86.67 0.36%
10 58.34 58.59 0.44% 63.46 63.76 0.47% 67.47 67.68 0.30%
15 41.67 41.86 0.47% 46.80 47.04 0.52% 51.93 52.03 0.20%
20 29.97 30.21 0.80% 34.55 34.71 0.44% 39.63 39.74 0.29%

10 FFF 4x4 cm? 10x10 cm? 30x30 cm?
Der.(cm) BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK BS-C5 SN-C5 FARK
1 89.48 87.70 -2.04% 90.93 88.87 -2.32% 92.61 91.23 -1.51%
5 89.24 89.55 0.34% 90.33 90.72 0.43% 90.91 91.23 0.35%
10 67.68 68.01 0.49% 70.84 71.32 0.67% 72.78 73.14 0.48%
15 51.42 51.68 0.52% 55.07 55.34 0.49% 57.77 58.19 0.72%
20 39.31 39.58 0.69% 42.83 43.00 0.40% 4591 46.11 0.44%

Farkli alan ve enerjilerde alman siirekli okumalar, sistemler arasinda

karsilastirildi. Sistemler arasinda en yiiksek fark 4x4 kare alanda, 10 MV enerjisinde

dmaks yiizey aras1 bolgede gorildii.
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Tablo 4.2. 4x4 cm? alanda BS, SN ve MP fantomlarin karsilastiriimas.

4cm? x 4cm? kare alanda 6 MV foton enerjisi igin rolatif doz okumalari

Der.(cm) owes | swas | FARKL | dwoo | FARKZ | e | quse | FARKL | quey | FARK2

1 97.50 96.31 -1.23% 95.94 -1.62% 97.14 96.34 -0.83% 96.49 -0.67%

5 83.80 83.95 0.17% 84.04 0.28% 83.88 83.99 0.14% 83.77 -0.13%

10 61.84 61.93 0.15% 61.65 -0.30% 61.83 61.93 0.16% 62.01 0.29%

15 45.40 45.46 0.13% 45.38 -0.05% 45.39 45.40 0.03% 45.43 0.09%

20 33.51 33.49 -0.07% 33.40 -0.33% 33.53 33.52 -0.01% 33.42 -0.31%
4cm? x 4cm? kare alanda 10 MV foton enerjisi i¢in rolatif doz okumalari

Der.(cm) swes | swas | FARKL | gquoe | FARKZ | ey | quse | FARKL | queg | FARK2

1 85.31 82.98 -2.81% 82.47 -3.44% 84.86 83.00 -2.23% 83.04 -2.19%

5 91.04 91.07 0.03% 91.07 0.03% 90.72 91.13 0.45% 91.15 0.47%

10 70.97 71.11 0.19% 70.65 -0.45% 70.98 71.08 0.14% 70.71 -0.37%

15 55.12 5524 | 021% | 5510 | -0.04% | 5511 | 5528 | 031% | 5515 | 0.07%

20 42.95 4309 | 032% | 4278 | -039% | 42.88 4310 | 052% 4282 | -0.13%
4cm? x 4cm? kare alanda 6 FFF foton enerjisi i¢in rolatif doz okumalari

Der.(cm) swes | swas | FARKL | gquoe | FARKZ | she) | quse | FARKL | quey | FARK2

1 98.52 98.12 -0.41% 97.56 -0.99% 98.63 98.08 -0.56% 97.64 -1.01%

5 81.60 81.90 0.36% 82.09 0.59% 81.73 81.91 0.21% 82.04 0.37%

10 58.28 58.51 0.40% 58.52 0.41% 58.40 58.58 0.30% 58.46 0.10%

15 41.60 41.88 0.66% 41.82 0.53% 41.77 41.91 0.34% 41.78 0.03%

20 29.96 | 3022 | 088% | 3002 | 0.22% | 3005 | 3022 | 056% | 3013 | 0.26%
4cm? x 4cm? kare alanda 10 FFF foton enerjisi i¢in rolatif doz okumalari

BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK

Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2

1 89.32 87.94 -1.57% 86.69 -3.04% 89.35 87.92 -1.63% 87.29 -2.35%

5 89.31 89.59 0.30% 89.49 0.19% 89.24 89.55 0.34% 89.54 0.33%

10 67.80 68.12 0.48% 67.85 0.08% 67.80 68.09 0.42% 68.21 0.59%

15 51.44 51.76 0.62% 51.64 0.40% 51.47 51.73 0.49% 51.59 0.23%

20 39.26 39.58 0.82% 39.36 0.27% 39.28 39.57 0.74% 39.44 0.40%

Farkli enerjiler segilerek 4x4 kare alanda adimli okumalar alinmigtir. Sistemler

birbiri arasinda karsilastirilmistir. Sistemler arasinda en belirgin fark 0,25 saniye

sireyle alinan okumalarda dmaks yiizey arast bolgede, 10 MV enerjisinde

gorilmiistiir.
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Tablo 4.3. 10x10 cm? alanda BS, SN ve MP fantomlarin karsilastiriimas.

10cm? x 10cm? kare alanda 6 MV foton enerjisi icin rolatif doz okumalar:

BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK
Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 98.09 97.08 -1.03% 96.77 -1.36% 97.89 97.19 -0.72% 97.22 -0.69%
5 86.17 86.45 0.32% 86.11 -0.07% 86.05 86.46 0.47% 86.28 0.27%
10 66.40 66.67 0.40% 66.40 0.00% 66.34 66.69 0.52% 66.60 0.40%
15 50.35 50.55 0.39% 50.34 -0.03% 50.37 50.58 0.40% 50.43 0.12%
20 38.12 38.21 0.24% 37.92 -0.53% 38.03 38.22 0.51% 38.03 0.01%
10cm? x 10cm? kare alanda 10 MV foton enerjisi i¢in rolatif doz okumalar:
BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK
Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 88.34 85.96 -2.77% 85.47 -3.35% 88.06 86.01 -2.39% 86.48 -1.82%
5 91.77 91.97 0.23% 91.90 0.14% 91.49 91.92 0.47% 91.83 0.37%
10 73.65 73.88 0.32% 73.48 -0.24% 73.44 73.83 0.53% 73.57 0.18%
15 58.63 58.65 0.03% 58.56 -0.12% 58.50 58.74 0.40% 58.52 0.03%
20 46.48 46.60 0.25% 46.52 0.08% 46.38 46.51 0.28% 46.21 -0.37%
10cm? x 10cm? kare alanda 6 FFF foton enerjisi icin rolatif doz okumalar:
BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK
Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 98.88 98.23 -0.66% 97.47 -1.44% 98.96 98.24 -0.74% 97.92 -1.06%
5 84.55 84.88 0.40% 84.97 0.50% 84.62 85.03 0.49% 85.06 0.52%
10 63.37 63.65 0.43% 63.71 0.52% 63.31 63.68 0.59% 63.67 0.57%
15 46.83 47.02 0.39% 46.92 0.19% 46.83 47.09 0.56% 46.97 0.30%
20 34.52 34.68 0.46% 34.64 0.34% 34.47 34.74 0.79% 34.65 0.54%
10cm? x 10cm? kare alanda 10 FFF foton enerjisi i¢in rolatif doz okumalari
BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK
Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 90.75 88.94 -2.04% 87.17 -4.11% 90.73 88.77 -2.20% 88.07 -3.02%
5 90.53 90.85 0.36% 90.93 0.44% 90.40 90.89 0.54% 90.80 0.44%
10 70.94 71.24 0.42% 71.00 0.08% 70.75 71.31 0.78% 71.16 0.57%
15 55.18 55.39 0.38% 55.09 -0.16% 55.00 55.39 0.70% 55.20 0.35%
20 42.71 43.07 0.84% 42.82 0.26% 42.74 43.12 0.88% 42.92 0.42%

Farkli enerjiler secilerek 10x10 kare alanda adimli okumalar alinmistir.

Sistemler birbiri arasinda karsilagtirilmistir. Sistemler arasinda en belirgin fark 0,25

saniye siireyle alinan okumalarda dmaks ylizey aras1 bolgede, 10 FFF enerjisinde

gorilmiistiir.
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Tablo 4.4. 30x30 cm? alanda BS, SN ve MP fantomlarin karsilastiriimas.

30cm? x 30cm? kare alanda 6 MV foton enerjisi igin rolatif doz okumalari

BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK

Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 99.20 98.81 | -0.40% 98.69 -0.52% 99.16 98.82 -0.34% 98.81 -0.35%
5 88.02 88.09 0.08% 87.95 -0.09% 87.93 88.09 0.18% 87.92 -0.01%
10 71.03 71.08 | 0.07% 70.83 -0.29% 70.99 71.10 0.15% 70.74 -0.35%
15 56.43 56.47 0.08% 56.16 -0.47% 56.46 56.48 0.03% 56.16 -0.54%
20 44.48 4450 | 0.03% 44.35 -0.29% 44.49 44.45 -0.09% 44.38 -0.25%

30cm? x 30cm? kare alanda 10 MV foton enerjisi i¢in rolatif doz okumalari
BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK

Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 94.08 92.79 -1.39% 92.77 -1.42% 93.88 92.74 -1.24% 93.35 -0.57%
5 91.60 91.94 0.37% 91.97 0.41% 91.65 91.91 0.27% 92.00 0.38%
10 75.81 76.10 0.38% 76.15 0.45% 75.87 76.06 0.25% 75.87 0.00%
15 62.21 62.37 0.27% 62.26 0.09% 62.24 62.37 0.21% 61.96 -0.45%
20 50.74 50.91 0.34% 50.66 -0.17% 50.74 50.88 0.27% 50.67 -0.13%

30cm? x 30cm? kare alanda 6 FFF foton enerjisi icin rolatif doz okumalar:
BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK

Der(cm) | SW25 | Sw25 1 SW25 2 SW50 | SW50 1 SW50 2
1 99.34 98.95 -0.39% 98.99 -0.36% 99.23 98.97 -0.26% 99.01 -0.22%
5 86.53 86.63 0.11% 86.58 0.06% 86.48 86.67 0.22% 86.50 0.02%
10 67.52 67.67 0.22% 67.65 0.19% 67.53 67.66 0.19% 67.48 -0.08%
15 51.95 52.03 0.16% 51.84 -0.22% 51.94 52.02 0.16% 51.81 -0.24%
20 39.67 39.76 0.22% 39.67 0.00% 39.69 39.75 0.15% 39.63 -0.16%

30cm? x 30cm? kare alanda 10 FFF foton enerjisi i¢in rolatif doz okumalar:
BS- SN- FARK MP- FARK BS- SN- FARK MP- FARK

Der.(cm) SW25 SW25 1 SW25 2 SW50 SW50 1 SW50 2
1 92.46 91.42 -1.14% 91.21 -1.37% 92.51 91.38 -1.24% 91.55 -1.05%
5 90.84 91.18 0.37% 91.36 0.57% 90.85 91.24 0.43% 91.24 0.43%
10 72.89 73.16 0.37% 73.03 0.20% 72.83 73.13 0.41% 72.98 0.21%
15 57.98 58.15 0.30% 57.97 -0.01% 57.86 58.16 0.51% 57.98 0.20%
20 45.91 46.14 0.50% 46.02 0.23% 45.88 46.13 0.54% 45.82 -0.12%

Farkli enerjiler secilerek 30x30 kare alanda adimli okumalar alinmistir.
Sistemler birbiri arasinda karsilagtirilmistir. Sistemler arasinda en belirgin fark 0,25
saniye siireyle alinan okumalarda dmaks yiizey arasi bolgede, 10 MV enerjisinde

goriilmiistir.
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4.2. PDD Verilerinin Sistemlerin Kendi I¢erisinde Karsilastirilmasi

Tablo 4.5. 4x4 cm? alanda BS fantomun farkli 6l¢iimlerinin karsilastiriimast.

BEAMSCAN 4cm? x 4cm? kare alanda 6 MV foton enerjisi icin farklh él¢iim
tipinde aym derinlikteki rolatif doz okumalar:

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 97.20 97.30 0.10% 97.43 0.23%
5 83.61 83.86 0.29% 83.74 0.16%
10 61.79 61.82 0.05% 62.02 0.38%
15 45.28 45.43 0.33% 45.26 -0.04%
20 33.44 33.49 0.13% 33.60 0.46%

BEAMSCAN 4cm? x 4cm? kare alanda 10 MV foton enerjisi i¢in farkh 6l¢iim
tipinde aym derinlikteki rolatif doz okumalar

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 84.85 84.80 -0.06% 84.83 -0.02%
5 90.93 90.72 -0.23% 90.72 -0.24%
10 70.87 70.75 -0.16% 70.72 -0.20%
15 55.01 55.01 -0.01% 54.99 -0.04%
20 42.90 42.73 -0.39% 42.70 -0.46%

BEAMSCAN 4cm? x 4cm? kare alanda 6 FFF foton enerjisi icin farkl él¢iim
tipinde aym derinlikteki rolatif doz okumalar

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 98.60 98.83 0.24% 98.45 -0.15%
5 81.65 81.88 0.27% 81.66 0.01%
10 58.34 58.49 0.27% 58.32 -0.03%
15 41.67 41.79 0.29% 41.74 0.18%
20 29.97 30.06 0.29% 29.99 0.05%

BEAMSCAN 4cm? x 4cm? kare alanda 10 FFF foton enerjisi icin farkh dl¢iim
tipinde aym: derinlikteki rolatif doz okumalar:

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 89.48 89.53 0.06% 89.31 -0.20%
5 89.24 89.25 0.01% 89.39 0.16%
10 67.68 67.61 -0.11% 67.79 0.16%
15 51.42 51.35 -0.14% 51.35 -0.14%
20 39.31 39.16 -0.37% 39.29 -0.05%

Beamscan su fantomunda 4x4 kare alanda, farkli hizlarindaki siirekli 6l¢timler

karsilastirildi. 6 MV enerjisinde 20 mm/s tarama hizinda kismen bir fark goriildii.
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Tablo 4.6. 10x10 cm? alanda BS fantomun farkli 8l¢iimlerinin karsilastirilmast.

BEAMSCAN 10cm? x 10cm? kare alanda 6 MV foton enerjisi i¢in farkh dl¢iim
tipinde aym derinlikteki rolatif doz okumalari

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 97.91 98.32 0.42% 97.89 -0.02%
5 86.17 86.06 -0.12% 86.15 -0.02%
10 66.41 66.61 0.29% 66.37 -0.06%
15 50.47 50.44 -0.05% 50.49 0.04%
20 38.15 38.14 -0.04% 38.19 0.10%

BEAMSCAN 10cm? x 10cm? kare alanda 10 MV foton enerjisi icin farkh
olciim tipinde aym derinlikteki rolatif doz okumalari

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 87.18 87.39 0.24% 87.04 -0.16%
5 91.49 91.85 0.40% 91.24 -0.28%
10 73.69 73.79 0.13% 73.45 -0.33%
15 58.53 58.54 0.02% 58.49 -0.06%
20 46.46 46.62 0.33% 46.29 -0.37%

BEAMSCAN 10cm? x 10cm? kare alanda 6 FFF foton enerjisi icin farklh élciim
tipinde aym derinlikteki rolatif doz okumalar

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 98.76 98.82 0.06% 98.84 0.07%
5 84.46 84.42 -0.04% 84.62 0.19%
10 63.46 63.28 -0.28% 63.42 -0.06%
15 46.80 46.75 -0.10% 46.98 0.37%
20 34.55 3451 -0.14% 34.56 0.01%

BEAMSCAN 10cm? x 10cm? kare alanda 10 FFF foton enerjisi icin farkh
olciim tipinde ayni derinlikteki rolatif doz okumalar

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 90.93 90.61 -0.35% 90.46 -0.53%
5 90.33 90.30 -0.03% 90.19 -0.15%
10 70.84 70.78 -0.09% 70.61 -0.33%
15 55.07 54.92 -0.27% 54.56 -0.94%
20 42.83 42.65 -0.42% 42.62 -0.49%

Beamscan su fantomunda 10x10 kare alanda, farkli tarama hizlarindaki siirekli

Olctimler karsilastirildi. 10 FFF enerjisinde 20 mm/sn tarama hizinda 6l¢iim geneline

gore kismen bir fark goriildi.
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Tablo 4.7. 30x30 cm? alanda BS fantomun farkli 8l¢iimlerinin karsilastirilmast.

BEAMSCAN 30cm? x 30cm? kare alanda 6 MV foton enerjisi i¢in farkh dl¢iim
tipinde aym: derinlikteki rolatif doz okumalar:

Der.(cm) BS-CONS5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 99.10 99.09 -0.01% 99.01 -0.09%
5 88.06 87.98 -0.10% 87.64 -0.47%
10 71.02 70.97 -0.08% 71.08 0.08%
15 56.57 56.41 -0.28% 56.30 -0.47%
20 44.48 44.49 0.03% 44.43 -0.09%

BEAMSCAN 30cm? x 30cm? kare alanda 10 MV foton enerjisi i¢in farkh

olciim tipinde aym derinlikteki rolatif doz okumalar

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 93.91 93.68 -0.24% 93.81 -0.11%
5 91.72 91.66 -0.06% 91.70 -0.02%
10 75.93 75.88 -0.06% 75.71 -0.28%
15 62.31 62.22 -0.13% 62.16 -0.24%
20 50.90 50.81 -0.18% 50.82 -0.16%

BEAMSCAN 30cm?x 30cm? kare alanda 6 FFF foton enerjisi i¢in farkl él¢iim
tipinde aym1 derinlikteki rolatif doz okumalar:

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 99.20 99.29 0.09% 99.24 0.04%
5 86.35 86.51 0.18% 86.47 0.13%
10 67.47 67.56 0.13% 67.50 0.05%
15 51.93 51.93 0.00% 52.00 0.15%
20 39.63 39.65 0.07% 39.59 -0.08%

BEAMSCAN 30cm? x 30cm? kare alanda 10 FFF foton enerjisi icin farkh

olciim tipinde ayni derinlikteki rolatif doz okumalari

Der.(cm) BS-CON5 BS-CON10 FARK 1 BS-CON20 FARK 2
1 92.61 92.81 0.21% 92.51 -0.11%
5 90.91 90.89 -0.02% 90.65 -0.28%
10 72.78 72.76 -0.04% 73.02 0.32%
15 57.77 57.91 0.24% 57.98 0.36%
20 45.91 45.91 0.01% 45.85 -0.12%

Beamscan su fantomunda 10x10 kare alanda, farkli tarama hizlarindaki stirekli
Olctimler karsilastirildi. 6 MV enerjisinde 20 mm/s tarama hizinda 6l¢iim geneline

gore kismen bir fark goriildi.

30




Tablo 4.8. 4x4 cm? alanda BS, SN ve MP fantomlarin karsilastiriimas.

4cm? x 4cm? kare alanda 6 MV foton enerjisi i¢in rolatif doz okumalari

Der. (cm) BS-SW25 | BS-SW50 | FARK S\S/\'/\IZ-S 53\';'5'0 FARK sl\\;lvz-s sl\\;lvF;-o FARK

1 97.50 97.14 -0.37% | 96.31 96.34 | 0.03% | 95.94 96.49 0.56%

5 83.80 83.88 0.09% 83.95 83.99 | 0.06% | 84.04 83.77 -0.33%

10 61.84 61.83 -0.01% | 6193 6193 | 0.00% | 61.65 62.01 0.58%

15 45.40 45.39 -0.03% | 45.46 4540 | -0.13% | 45.38 45.43 0.11%

20 3351 33.53 0.04% 33.49 3352 | 0.11% | 33.40 33.42 0.06%
4cm? x 4cm? kare alanda 10 MV foton enerjisi igin rolatif doz okumalar:

Der. (cm) | BSSW25 | BS-SW50 | FARK s%\’)lz_s 53{/\'5'0 FARK | MP-SW25 | MP-SW50 | FARK

1 85.31 84.86 -0.53% | 82.98 | 83.00 | 0.03% 82.47 83.04 0.69%

5 91.04 90.72 -0.36% | 91.07 | 91.13 | 0.06% 91.07 91.15 0.09%

10 70.97 70.98 001% | 7111 | 71.08 | -0.04% 70.65 70.71 0.09%

15 55.12 55.11 -0.02% | 5524 | 5528 | 0.07% 55.10 55.15 0.09%

20 42.95 42.88 -0.17% | 43.09 | 4310 | 0.03% 42.78 42.82 0.09%
4cm? x 4cm? kare alanda 6 FFF foton enerjisi icin rolatif doz okumalar

Der. (cm) BS-SW25 | BS-SW50 | FARK 830'2'5 53{/\'5'0 FARK | MP-SW25 S'\\;'VPS'O FARK

1 98.52 98.63 011% | 98.12 | 98.08 | -0.04% 97.56 97.64 0.09%

5 81.60 81.73 016% | 81.90 | 81.91 | 0.01% 82.09 82.04 -0.06%

10 58.28 58.40 021% | 5851 | 5858 | 0.11% 58.52 58.46 -0.10%

15 41.60 4177 040% | 41.88 | 41.91 | 0.07% 41.82 41.78 -0.10%

20 29.96 30.05 030% | 30.22 | 3022 | -0.02% 30.02 30.13 0.34%
4cm? x 4cm? Kare alanda 10 FFF foton enerjisi icin rolatif doz okumalari

Der. (cm) BS-SW25 | BS-SW50 | FARK 53\')'2'5 33\'/\‘5'0 FARK [ MP-SW25 Sl\\;IVF;_O FARK

1 89.32 89.35 003% | 87.94 | 87.92 | -0.03% 86.69 87.29 0.69%

5 89.31 89.24 -0.08% | 8959 | 89.55 | -0.05% 89.49 89.54 0.06%

10 67.80 67.80 001% | 6812 | 68.09 | -0.05% 67.85 68.21 0.52%

15 51.44 51.47 007% | 5176 | 5173 | -0.05% 51.64 51.59 -0.10%

20 39.26 39.28 005% | 39.58 | 39.57 | -0.03% 39.36 39.44 0.19%

Uc farkli su fantomunda 4x4 kare alanda, farkli bekleme siiresi olan adiml
Olcimler kendi i¢inde karsilastirildi. MP3 su fantomunda 10 MV ve 10 FFF

enerjisinde kismen bir fark goriildii.
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Tablo 4.9. 10x10 cm2 alanda BS, SN ve MP fantomlarin karsilagtirilmasi.

10cm? x 10cm? kare alanda 6 MV foton enerjisi i¢in rolatif doz okumalar:

SN-

SN-

MP-

MP-

Der.(cm) BS-SW25 | BS-SW50 | FARK SW25 SW50 FARK SW25 SW50 FARK
1 98.09 97.89 -0.20% 97.08 97.19 0.11% 96.77 97.22 0.46%
5 86.17 86.05 -0.14% 86.45 86.46 0.02% 86.11 86.28 0.20%
10 66.40 66.34 -0.10% 66.67 66.69 0.02% 66.40 66.60 0.30%
15 50.35 50.37 0.04% 50.55 50.58 0.05% 50.34 50.43 0.19%
20 38.12 38.03 -0.25% 38.21 38.22 0.02% 37.92 38.03 0.29%
10cm? x 10cm? kare alanda 10 MV foton enerjisi i¢in rolatif doz okumalari
Der.(cm) BS-SW25 | BS-SW50 | FARK 53{/\'2'5 53[/\'5'0 FARK s'\\;lvF;s S'\\;'VPS'O FARK
1 88.34 88.06 -0.31% 85.96 86.01 0.06% 85.47 86.48 1.17%
5 91.77 91.49 -0.30% 91.97 91.92 -0.06% 91.90 91.83 -0.07%
10 73.65 73.44 -0.29% 73.88 73.83 -0.07% 73.48 73.57 0.13%
15 58.63 58.50 -0.22% 58.65 58.74 0.15% 58.56 58.52 -0.07%
20 46.48 46.38 -0.20% 46.60 46.51 -0.17% 46.52 46.21 -0.65%
10cm? x 10cm? kare alanda 6 FFF foton enerjisi icin rolatif doz okumalar:
Der.(cm) BS-SW25 | BS-SW50 | FARK s%/{/\lz_s 33{/\]5_0 FARK s'\\;lvF;-s sl\\;lvF:s-o FARK
1 98.88 98.96 0.08% 98.23 98.24 0.01% 97.47 97.92 0.45%
5 84.55 84.62 0.09% 84.88 85.03 0.18% 84.97 85.06 0.11%
10 63.37 63.31 -0.11% 63.65 63.68 0.05% 63.71 63.67 -0.06%
15 46.83 46.83 0.00% 47.02 47.09 0.16% 46.92 46.97 0.11%
20 34.52 34.47 -0.16% 34.68 34.74 0.18% 34.64 34.65 0.04%
10cm? x 10cm? kare alanda 10 FFF foton enerjisi i¢in rolatif doz okumalari
Der.(cm) BS-SW25 | BS-SW50 | FARK 53{/\‘2'5 53{/\‘5'0 FARK sl\\;lvF;-s S'\\;'VPS'O FARK
1 90.75 90.73 | -0.02% | 8894 | 8877 | -0.18% | 87.17 88.07 1.02%
5 90.53 90.40 -0.14% 90.85 90.89 0.04% 90.93 90.80 -0.14%
10 70.94 70.75 -0.27% 71.24 71.31 0.09% 71.00 71.16 0.22%
15 55.18 55.00 -0.32% 55.39 55.39 0.00% 55.09 55.20 0.19%
20 42.71 42.74 0.08% 43.07 43.12 0.13% 42.82 42.92 0.24%

Ug farkl su fantomunda 10x10 kare alanda, farkli bekleme siiresi olan adiml1

Olgtimler kendi i¢inde karsilastirildi. MP3 su fantomunda 10 MV ve 10 FFF

enerjisinde kismen bir fark goriildii.
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Tablo 4.10. 30x30 cm? alanda BS, SN ve MP fantomlarm karsilastiriimas.

30cm? x 30cm? kare alanda 6 MV foton enerjisi i¢in rolatif doz okumalari

Der.(cm) swes | sweo | PARK | awas | swso | FARK | dwos | sweo FARK
1 99.20 99.16 -0.04% 98.81 98.82 0.02% 98.69 98.81 0.13%

5 88.02 87.93 -0.11% 88.09 88.09 -0.01% 87.95 87.92 -0.03%

10 71.03 70.99 -0.06% 71.08 71.10 0.02% 70.83 70.74 -0.12%
15 56.43 56.46 0.07% 56.47 56.48 0.01% 56.16 56.16 0.00%
20 44.48 44.49 003% | 4450 4445 0.09% | 44.35 44.38 0.07%
30cm? x 30cm? kare alanda 10 MV foton enerjisi i¢in rolatif doz okumalari
Der.(cm) 53\?2-5 5\3/55-0 FARK sa/\lz_s S%/CIF;O FARK s'\\?vz-s s'\\;lvps-o FARK
1 94.08 93.88 -0.21% 92.79 92.74 -0.06% 92.77 93.35 0.63%

5 91.60 91.65 0.06% 91.94 91.91 -0.03% 91.97 92.00 0.03%

10 75.81 75.87 0.08% 76.10 76.06 -0.04% 76.15 75.87 -0.36%
15 62.21 62.24 0.06% 62.37 62.37 0.00% 62.26 61.96 -0.48%
20 50.74 50.74 0.00% 50.91 50.88 -0.06% 50.66 50.67 0.04%
30cm? x 30cm? kare alanda 6 FFF foton enerjisi icin rolatif doz okumalar:
Der.(cm) 53\?2-5 5355-0 FARK 53:/\12_5 53{/\15-0 FARK | s | sweo FARK
1 99.34 99.23 -0.11% 98.95 98.97 0.02% 98.99 99.01 0.02%

5 86.53 86.48 -0.06% 86.63 86.67 0.05% 86.58 86.50 -0.10%

10 67.52 67.53 0.02% 67.67 67.66 -0.01% 67.65 67.48 -0.25%
15 51.95 51.94 -0.03% 52.03 52.02 -0.02% 51.84 51.81 -0.04%
20 39.67 39.69 0.06% 39.76 39.75 -0.01% 39.67 39.63 -0.10%
30cm? x 30cm? kare alanda 10 FFF foton enerjisi i¢in rolatif doz okumalar:
Der.(cm) swss | swao | PARK | qwos | swso | FARK | owas | sweo FARK
1 92.46 92.51 0.05% 91.42 91.38 -0.04% 91.21 91.55 0.37%

5 90.84 90.85 0.01% 91.18 91.24 0.07% 91.36 91.24 -0.13%

10 72.89 72.83 -0.08% 73.16 73.13 -0.04% 73.03 72.98 -0.07%
15 57.98 57.86 -0.21% 58.15 58.16 0.01% 57.97 57.98 0.00%
20 45,91 45.88 -0.07% 46.14 46.13 -0.03% 46.02 45.82 -0.42%

Uc farkl su fantomunda 30x30 kare alanda, farkli bekleme siiresi olan adimli
Olcimler kendi iginde karsilastirildi. MP3 su fantomunda 10 MV ve 10 FFF

enerjisinde kismen bir fark goriildii.
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Tablo 4.11. 10x10 cm? alanda BS-SN ve MP fantomun aymi 8lgiim tiplerinin PDD karsilastiriimast.

KARSILASTIRMA Ql

6MV 10 MV 6FFF 10 FFF

BS-C5 0,6678 0,7388 0,6299 0,7059
BS-C10 0,6654 0,7404 0,6308 0,7033
BS-C20 0,6689 0,7384 0,6303 0,7046
SN-C5 0,6659 0,7371 0,6296 0,7038
BS-SW25 0,6674 0,7394 0,6301 0,7026
SN-SW25 0,6662 0,7389 0,6303 0,7058
MP-SW25 0,6635 0,7420 0,6289 0,7039
BS-SW50 0,6663 0,7401 0,6298 0,7053
SN-SW50 0,6662 0,7381 0,6312 0,7061
MP-SW50 0,6635 0,7357 0,6295 0,7041

Farkl1 enerjilerde ve 6l¢iim tiplerinde, 10x10 alan boyutunda yapilan dlgtimler
yapildi. Olgiimler sonucunda hesaplatilan kalite indeksleri su fantomlarinda benzer

sonuglar vermistir.
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4.3. Profil Verilerinin Sistemlerin Kendi Arasinda Yapilan Analizi

Tablo 4.12. 4x4 cm? alanda BS fantomun farkli 6l¢iim tiplerinin karsilastiriimas.

6 MV BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 3.81 3.81 -0.05% 3.86 1.34%
-3.00 741 7.40 -0.12% 741 -0.04%
-2.00 76.66 76.40 -0.35% 76.58 -0.11%
-1.00 98.89 98.84 -0.06% 98.78 -0.11%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 99.79 99.74 -0.05% 99.70 -0.08%
2.00 74.38 74.56 0.24% 74.62 0.32%
3.00 7.04 7.09 0.69% 7.05 0.12%
4.00 3.76 3.71 -1.33% 3.76 0.12%
10 MV BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 3.18 3.22 1.26% 3.22 1.22%
-3.00 7.89 7.96 0.77% 7.92 0.26%
-2.00 71.32 7142 0.14% 71.43 0.16%
-1.00 98.07 97.88 -0.19% 98.02 -0.05%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 99.47 99.47 0.00% 99.54 0.07%
2.00 75.26 75.32 0.08% 75.20 -0.09%
3.00 8.33 8.38 0.62% 8.38 0.57%
4.00 3.27 3.22 -1.36% 3.22 -1.52%
6 FFF BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 3.60 3.61 0.18% 3.60 0.04%
-3.00 6.43 6.44 0.08% 6.40 -0.46%
-2.00 67.54 67.48 -0.10% 67.45 -0.13%
-1.00 98.37 98.23 -0.14% 98.38 0.00%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 98.91 99.04 0.12% 98.95 0.04%
2.00 80.13 80.13 0.00% 80.10 -0.04%
3.00 7.47 7.47 0.13% 7.50 0.40%
4.00 3.72 3.72 0.00% 3.75 0.59%
10 FFF BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 2.62 2.62 -0.07% 2.61 -0.48%
-3.00 6.30 6.30 -0.08% 6.30 0.02%
-2.00 64.99 65.02 0.04% 64.98 -0.02%
-1.00 96.84 96.97 0.13% 96.98 0.14%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 98.23 98.19 -0.04% 98.23 0.00%
2.00 75.88 75.77 -0.14% 75.96 0.11%
3.00 7.66 7.71 0.69% 7.68 0.24%
4.00 2.76 2.74 -0.61% 2.73 -1.14%

Beamscan su fantomunda 4x4 alan boyutunda enine yonde yapilan siirekli

Olclimler, sistemin kendi igerisinde, tarama hizlar1 agisindan karsilagtirildi. Yapilan

incelemede tiim dl¢limlere kiyasla yalnizca alan disinda farklar goriildii.
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Tablo 4.13. 10x10 cm? alanda BS fantomun farkli 61¢iim tiplerinin karsilastiriimast.

6 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK?2
-8.00 6.15 6.14 -0.15% 6.15 0.09%
-6.00 18.71 18.63 -0.39% 18.58 -0.71%
-4.00 96.14 96.15 0.01% 96.38 0.25%
-2.00 99.30 99.17 -0.13% 99.54 0.24%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 100.36 100.27 -0.09% 100.28 -0.08%
4.00 97.69 97.89 0.20% 97.93 0.24%
6.00 17.17 17.17 -0.03% 17.20 0.14%
8.00 6.15 6.20 0.71% 6.20 0.72%
10 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK?2
-8.00 5.04 5.04 -0.08% 5.04 0.08%
-6.00 18.66 18.58 -0.47% 18.68 0.08%
-4.00 97.13 96.89 -0.24% 97.17 0.04%
-2.00 99.22 99.30 0.08% 99.55 0.33%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 101.03 100.90 -0.13% 101.06 0.04%
4.00 99.43 99.30 -0.13% 99.63 0.20%
6.00 19.30 19.29 -0.08% 19.28 -0.13%
8.00 5.12 5.12 0.00% 512 0.00%
6 FFF BS-CONS BS-CON10 FARK1 BS-CON20 FARK?2
-8.00 5.50 5.51 0.21% 5.52 0.40%
-6.00 14.25 14.26 0.04% 14.32 0.43%
-4.00 90.31 90.22 -0.09% 90.30 -0.01%
-2.00 97.37 97.48 0.11% 97.41 0.04%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 97.77 97.92 0.15% 98.07 0.30%
4.00 91.01 91.27 0.29% 91.33 0.35%
6.00 17.71 17.73 0.14% 17.71 0.01%
8.00 5.70 5.70 0.04% 5.73 0.51%
10 FFF BS-CON5S BS-CON10 FARK1 BS-CON20 FARK?2
-8.00 3.55 3.58 0.76% 3.61 1.56%
-6.00 12.81 12.83 0.12% 12.87 0.40%
-4.00 84.45 84.40 -0.06% 84.35 -0.12%
-2.00 94.91 94.71 -0.22% 95.07 0.16%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 96.14 96.14 0.00% 96.32 0.19%
4.00 86.29 86.12 -0.20% 86.19 -0.11%
6.00 15.86 15.93 0.43% 15.94 0.48%
8.00 3.68 3.68 -0.17% 3.67 -0.22%

Beamscan su fantomunda 10x10 alan boyutunda enine yonde yapilan siirekli

Olclimler, sistemin kendi icerisinde, tarama hizlar1 agisindan karsilagtirildi. Yapilan

incelemede tiim O6l¢limlere kiyasla yalnizca alan disinda farklar goriildii.
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Tablo 4.14. 30x30 cm? alanda BS su fantomunun farkli dlgiim tiplerinin karsilastirilmas.

6 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-15.00 93.15 93.46 0.33% 93.48 0.36%
-10.00 99.40 99.44 0.04% 99.64 0.24%
-5.00 99.92 100.40 0.48% 100.16 0.24%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 101.88 101.88 0.00% 102.16 0.28%
10.00 101.12 101.12 0.00% 101.40 0.28%
15.00 94.82 94.89 0.08% 95.16 0.36%
10 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-15.00 95.40 95.64 0.25% 95.51 0.11%
-10.00 100.50 100.85 0.35% 100.77 0.27%
-5.00 100.62 100.90 0.28% 100.81 0.19%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 102.75 102.96 0.21% 103.14 0.38%
10.00 102.62 102.63 0.01% 102.70 0.07%
15.00 97.19 97.35 0.16% 97.10 -0.09%
6 FFF BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-15.00 62.01 61.92 -0.15% 62.00 -0.02%
-10.00 77.50 77.62 0.15% 77.67 0.21%
-5.00 91.58 91.57 -0.01% 91.76 0.20%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 92.56 92.62 0.07% 92.54 -0.02%
10.00 78.62 78.74 0.15% 78.59 -0.03%
15.00 62.95 63.00 0.07% 62.95 -0.01%
10 FFF BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-15.00 48.80 48.80 0.00% 48.86 0.13%
-10.00 64.39 64.50 0.18% 64.39 0.00%
-5.00 83.02 83.19 0.19% 83.16 0.16%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 84.74 84.83 0.10% 84.92 0.21%
10.00 65.52 65.82 0.45% 65.66 0.21%
15.00 49.77 49.99 0.44% 49.98 0.42%

Beamscan su fantomunda 30x30 alan boyutunda enine yonde yapilan siirekli

Olctimler, sistemin kendi icerisinde, tarama hizlar1 acisindan karsilagtirildi. Yapilan

incelemede tiim ol¢iimlere kiyasla alan disinda farklar goriildii.
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Tablo 4.15. 4x4 cm? alanda BS fantomun farkli 6l¢iim tiplerinin karsilastiriimast.

6 MV BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 3.97 3.91 -1.41% 3.95 -0.35%
-3.00 7.04 7.09 0.69% 7.08 0.55%
-2.00 69.04 68.94 -0.14% 69.00 -0.05%
-1.00 99.09 98.86 -0.24% 98.61 -0.48%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 99.63 99.61 -0.02% 99.43 -0.20%
2.00 75.92 76.04 0.16% 75.87 -0.07%
3.00 7.63 7.62 -0.20% 7.60 -0.43%
4.00 4.13 4.18 1.36% 4.17 1.14%

10 MV BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 3.49 3.50 0.17% 3.49 -0.19%
-3.00 7.71 7.77 0.87% 7.73 0.28%
-2.00 67.61 67.76 0.22% 67.68 0.10%
-1.00 98.00 98.11 0.12% 98.28 0.28%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 99.33 99.28 -0.05% 99.37 0.05%
2.00 73.81 73.84 0.04% 73.88 0.10%
3.00 8.44 8.48 0.41% 8.52 0.94%
4.00 3.63 3.64 0.28% 3.63 0.17%
6 FFF BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 3.84 3.82 -0.48% 3.85 0.24%
-3.00 7.34 7.36 0.18% 7.31 -0.45%
-2.00 77.14 77.30 0.22% 77.12 -0.02%
-1.00 98.83 98.94 0.11% 98.92 0.10%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 98.38 98.49 0.10% 98.54 0.16%
2.00 65.52 65.64 0.17% 65.58 0.08%
3.00 6.48 6.52 0.59% 6.50 0.23%
4.00 3.67 3.71 0.91% 3.67 -0.03%

10 FFF BS-CON5 BS-CON10 FARK1 BS-CON20 FARK2
-4.00 2.71 2.72 0.40% 2.72 0.32%
-3.00 6.88 6.93 0.76% 6.91 0.45%
-2.00 70.60 70.56 -0.06% 70.70 0.14%
-1.00 97.79 98.07 0.29% 98.18 0.41%
0.00 100.00 100.00 0.00% 100.00 0.00%
1.00 97.18 97.19 0.01% 97.33 0.16%
2.00 66.51 66.56 0.08% 66.80 0.44%
3.00 6.54 6.58 0.63% 6.56 0.38%
4.00 2.68 2.67 -0.50% 2.70 0.52%

Beamscan su fantomunda 4x4 alan boyutunda boyuna yonde yapilan siirekli

Olctimler, sistemin kendi igerisinde, tarama hizlar1 agisindan karsilastirildi. Yapilan

incelemede tiim 6l¢iimlere kiyasla yalnizca alan disinda farklar goriildii
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Tablo 4.16. 10x10 cm? alanda BS fantomun farkli 61¢iim tiplerinin karsilastiriimast.

6 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-8.00 6.66 6.65 -0.15% 6.61 -0.75%
-6.00 15.83 15.79 -0.27% 15.88 0.29%
-4.00 96.18 96.22 0.04% 96.20 0.03%
-2.00 99.35 99.38 0.03% 99.05 -0.30%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 100.02 100.26 0.25% 100.07 0.06%
4.00 97.33 97.58 0.26% 97.33 0.00%
6.00 17.48 17.45 -0.18% 17.41 -0.43%
8.00 6.93 6.94 0.14% 6.88 -0.72%
10 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-8.00 5.76 5.77 0.16% 5.81 0.87%
-6.00 16.79 16.75 -0.24% 16.79 0.00%
-4.00 96.97 97.17 0.21% 96.89 -0.08%
-2.00 99.18 99.50 0.33% 99.46 0.29%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 100.65 100.57 -0.08% 100.61 -0.04%
4.00 98.73 98.89 0.16% 98.85 0.12%
6.00 18.22 18.23 0.08% 18.29 0.38%
8.00 6.05 6.07 0.33% 6.05 0.08%
6 FFF BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-8.00 5.82 5.82 0.10% 5.81 -0.11%
-6.00 16.00 15.94 -0.40% 15.97 -0.24%
-4.00 90.99 90.90 -0.09% 90.84 -0.16%
-2.00 97.85 97.65 -0.21% 97.72 -0.13%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 97.60 97.39 -0.21% 97.37 -0.23%
4.00 90.28 90.07 -0.23% 90.24 -0.04%
6.00 13.28 13.24 -0.30% 13.26 -0.15%
8.00 5.71 5.67 -0.71% 5.68 -0.59%
10 FFF BS-CONS BS-CON10 FARK1 BS-CON20 FARK2
-8.00 3.75 3.77 0.60% 3.74 -0.19%
-6.00 13.23 13.22 -0.04% 13.25 0.16%
-4.00 85.92 85.95 0.04% 85.99 0.08%
-2.00 96.14 96.32 0.18% 96.31 0.17%
0.00 100.00 100.00 0.00% 100.00 0.00%
2.00 94.93 95.04 0.12% 95.00 0.06%
4.00 84.44 84.44 0.01% 84.35 -0.11%
6.00 12.09 12.12 0.23% 12.07 -0.12%
8.00 3.68 3.69 0.33% 3.70 0.41%

Beamscan su fantomunda 10x10 alan boyutunda 10 cm derinlikte boyuna

yonde yapilan siirekli 6l¢timler, sistemin kendi igerisinde, tarama hizlar1 agisindan

karsilastirildi. Yapilan incelemede tiim 6l¢iimlere kiyasla yalnizca alan disinda farklar

goriildii.
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Tablo 4.17. 30x30 cm? alanda BS fantomun farkli 61¢iim tiplerinin karsilastiriimast.

6 MV BS-CON5 BS-CON10 FARK1 BS-CON20 FARK?2
-15.00 93.10 93.15 0.04% 93.14 0.04%
-10.00 99.56 99.60 0.04% 99.64 0.08%
-5.00 100.24 100.32 0.08% 100.28 0.04%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 101.43 101.64 0.20% 101.47 0.04%
10.00 100.56 100.72 0.16% 100.60 0.04%
15.00 94.54 94.42 -0.13% 94.46 -0.08%
10 MV BS-CONS BS-CON10 FARK1 BS-CON20 FARK?2
-15.00 95.55 95.60 0.05% 95.61 0.06%
-10.00 100.90 100.97 0.07% 101.03 0.13%
-5.00 100.83 101.10 0.27% 101.09 0.26%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 102.53 102.74 0.20% 102.85 0.31%
10.00 102.00 102.26 0.25% 102.11 0.10%
15.00 96.79 96.94 0.15% 96.75 -0.04%
6 FFF BS-CON5 BS-CON10 FARK1 BS-CON20 FARK?2
-15.00 62.59 62.53 -0.10% 62.57 -0.04%
-10.00 78.23 78.13 -0.13% 78.15 -0.10%
-5.00 92.42 92.24 -0.20% 92.30 -0.13%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 91.91 91.73 -0.19% 91.67 -0.26%
10.00 78.08 77.71 -0.46% 77.89 -0.23%
15.00 62.23 62.22 -0.03% 62.10 -0.22%
10 FFF BS-CONS5 BS-CON10 FARK1 BS-CON20 FARK?2
-15.00 49.68 49.60 -0.16% 49.71 0.07%
-10.00 65.42 65.48 0.10% 65.44 0.03%
-5.00 84.59 84.66 0.09% 84.63 0.05%
0.00 100.00 100.00 0.00% 100.00 0.00%
5.00 83.26 83.17 -0.11% 83.35 0.11%
10.00 64.57 64.44 -0.20% 64.59 0.04%
15.00 49.06 49.00 -0.11% 49.05 -0.02%

Beamscan su fantomunda 30x30 alan boyutunda 10 cm derinlikte boyuna

yonde yapilan siirekli 6l¢iimler, sistemin kendi igerisinde, tarama hizlar1 agisindan

karsilastirildi. Yapilan incelemede merkezden uzaklasildikca fark olustugu gozlendi.
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Tablo 4.18. 4x4 cm? alanda BS-SN ve MP fantomun aym &lgiim tiplerinin karsilastirilmasi.

SN-

MP-

6 MV BS-SW25 BS-SW50 FARK SN-SW25 SW50 FARK SW25 MP-SW50 | FARK
-4 3.84 3.85 0.24% 3.81 3.84 0.82% 3.59 3.69 2.79%
-3 7.61 7.62 0.13% 6.82 6.82 0.03% 7.08 7.09 0.13%
-2 76.54 76.64 0.14% 74.89 74.93 0.06% 72.04 72.04 0.01%
-1 98.83 98.87 0.04% 98.9 98.79 -0.11% | 99.66 99.8 0.14%
0 100 100 0.00% 100 100 0.00% 100 100 0.00%
1 99.9 99.71 -0.20% 99.73 99.73 0.00% 99.05 99.27 0.23%
2 74.18 74.08 -0.13% 81.37 81.32 -0.06% 78 78.04 0.05%
3 7.24 7.26 0.29% 7.29 7.28 -0.12% 7.79 7.8 0.13%
4 3.76 3.75 -0.25% 3.95 3.93 -0.58% 3.68 3.68 0.17%

SN- MP-

10 MV BS-SW25 BS-SW50 FARK SN-SW25 SW50 FARK SW25 MP-SW50 | FARK
-4 3.21 3.2 -0.23% 3.19 3.19 0.05% 3.12 3.13 0.48%
-3 8.19 8.15 -0.43% 7.19 7.17 -0.26% 8.18 8.23 0.59%
-2 71.5 71.36 -0.19% 69.3 69.29 -0.01% | 72.86 72.9 0.05%
-1 98.16 97.77 -0.39% 98.24 98.18 -0.06% | 99.38 99.59 0.20%
0 100 100 0.00% 100 100 0.00% 100 100 0.00%
1 99.61 99.18 -0.43% 99.63 99.63 0.00% 98.13 98.66 0.54%
2 75.09 74.84 -0.33% 80.95 80.9 -0.07% | 73.37 73.42 0.06%
3 8.58 8.52 -0.70% 8.61 8.58 -0.32% 8.46 8.51 0.68%
4 3.26 3.24 -0.48% 3.43 3.43 -0.21% 3.11 3.13 0.62%

SN- MP-

6 FFF BS-SW25 BS-SW50 FARK SN-SW25 SW50 FARK SW25 MP-SW50 | FARK
-4 3.6 3.6 -0.04% 3.49 3.48 -0.09% 3.7 3.66 -0.90%
-3 6.54 6.54 -0.01% 5.99 5.99 0.00% 7.48 7.5 0.28%
-2 67.57 67.52 -0.08% 64.41 64.37 -0.06% | 77.83 77.99 0.21%
-1 98.21 98.16 -0.05% 98.3 98.26 -0.04% | 98.51 98.71 0.20%
0 100 100 0.00% 100 100 0.00% 100 100 0.00%
1 98.95 98.7 -0.26% 99.08 99.07 -0.01% | 98.44 98.44 0.00%
2 79.84 79.56 -0.35% 86.5 86.43 -0.08% | 70.48 70.64 0.22%
3 7.68 7.66 -0.28% 7.54 7.54 0.05% 6.67 6.69 0.24%
4 3.73 3.72 -0.27% 3.84 3.82 -0.56% 3.46 3.47 0.17%

SN- MP-

10 FFF | BS-SW25 BS-SW50 FARK SN-SW25 SW50 FARK SW25 MP-SW50 | FARK
-4 2.61 2.6 -0.20% 2.55 2.57 0.64% 2.72 2.71 -0.31%
-3 6.48 6.5 0.30% 5.75 5.74 -0.12% 7.46 7.52 0.80%
-2 65.06 65.19 0.19% 62.21 62.2 -0.01% | 73.26 73.52 0.36%
-1 96.91 97.04 0.14% 96.91 96.8 -0.12% | 97.56 97.97 0.42%
0 100 100 0.00% 100 100 0.00% 100 100 0.00%
1 98.1 98.22 0.12% 98.42 98.34 -0.08% | 97.11 97.24 0.13%
2 75.57 75.69 0.16% 81.3 81.3 0.00% 67.77 67.98 0.30%
3 7.93 7.92 -0.23% 7.83 7.83 -0.08% 6.79 6.78 -0.19%
4 2.73 2.73 0.07% 2.88 2.87 -0.34% 2.37 2.37 0.00%

Farkli su fantomlarinda 4x4 alan boyutunda 10 cm derinlikte enine yonde

adiml dlgtimler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilastirildi.

Yapilan incelemede alan disinda kismi farklar goriildii.
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Tablo 4.19. 4x4 cm? alanda BS-SN ve MP fantomun aym &lgiim tiplerinin karsilastirilmasi.

BS- BS- SN- SN- MP- | MP-

MV 1 swas | swso | PARK ] swas | swso | PARK | swas | swso | FARK
400 | 395 | 397 | 020% | 427 | 429 | 030% | 411 | 412 | 016%
300 | 749 | 718 | -011% | 7.45 | 749 | 051% | 760 | 7.61 | 006%
200 | 6905 | 6917 | 017% | 7533 | 7533 | 0.00% | 7298 | 7311 | 0.17%
100 | 9875 | 9893 | 019% | 9952 | 9957 | 0.06% | 9939 | 99.77 | 0.38%
0.00 | 10000 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%
100 | 9946 | 9961 | 014% | 9885 | 9899 | 0.14% | 9854 | 9922 | 0.68%
200 | 7543 | 7562 | 0.24% | 7054 | 7059 | 0.07% | 7001 | 71.04 | 0.18%
300 | 783 | 779 | -052% | 715 | 745 | 0.02% | 708 | 7.09 | 0.15%
400 | 411 | 417 | 138% | 415 | 417 | 037% | 411 | 412 | 016%

BS- BS- SN- SN- MP- | MP-

WMV owos | swso | PARK ] swos | sweso | PARK | qwos | swso | FARK
400 | 352 | 350 | -072% | 380 | 378 | -057% | 359 | 357 | -0.45%
300 | 7.85 | 791 | 081% | 825 | 825 | 008% | 834 | 830 | -0.49%
200 | 6760 | 6785 | 0.36% | 7331 | 7332 | 0.02% | 7085 | 7052 | -0.47%
100 | 97.96 | 9831 | 0.36% | 9936 | 9937 | 0.02% | 9920 | 99.04 | -0.15%
0.00 | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%
100 | 9922 | 9954 | 032% | 9825 | 9847 | -0.08% | 9859 | 9822 | -038%
200 | 7374 | 7376 | 0.02% | 6850 | 6849 | -0.02% | 6950 | 69.20 | -0.44%
300 | 867 | 870 | 028% | 778 | 778 | 005% | 804 | 831 | 3.14%
400 | 367 | 367 | -003% | 364 | 364 | -020% | 358 | 357 | -0.38%

BS- BS- SN- SN- MP- | MP-

6FFF 1 swos | swso | FARK | swos | swso | PARK | swos | swso | FARK
400 | 384 | 382 | 045% | 372 | 372 | 010% | 365 | 347 | -5.32%
300 | 751 | 755 | 052% | 637 | 636 | -001% | 635 | 637 | 021%
200 | 7691 | 7707 | 021% | 6435 | 6432 | 0.05% | 6195 | 6229 | 053%
100 | 9867 | 9885 | 0.18% | 9831 | 9834 | 0.04% | 9833 | 9821 | -0.11%
0.00 | 10000 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 10000 | 0.00%
100 | 9822 | 9841 | 0.20% | 9889 | 9884 | -0.05% | 99.01 | 98.94 | -0.07%
200 | 6517 | 6525 | 0.12% | 7859 | 7855 | -0.06% | 7840 | 7811 | -037%
300 | 656 | 657 | 019% | 732 | 731 | 0.03% | 763 | 765 | 022%
400 | 368 | 367 | -033% | 391 | 391 | 0.02% | 370 | 371 | 012%

BS- BS- SN- SN- MP- | MP-

10FFF 1 o5 | swso | FARK | swos | swso | PARK | swas | swso | FARK
400 | 273 | 271 | 086% | 276 | 277 | 024% | 245 | 243 | -0.61%
300 | 740 | 709 | -016% | 639 | 637 | 0.25% | 628 | 635 | 1.04%
200 | 7060 | 7058 | -0.03% | 6581 | 6573 | -0.13% | 6350 | 6336 | -0.21%
100 | 9807 | 9800 | -0.08% | 9707 | 9710 | 0.04% | 9705 | 96.94 | -0.11%
0.00 | 10000 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 10000 | 0.00%
100 | 9714 | 97.06 | -0.09% | 97.97 | 9806 | 010% | 9820 | 9816 | -0.04%
200 | 6632 | 6636 | 0.06% | 7159 | 71.64 | 007% | 71.93 | 71.88 | -0.06%
300 | 670 | 668 | 033% | 693 | 693 | -0.03% | 727 | 7.25 | -0.15%
400 | 269 | 268 | -053% | 284 | 28 | 032% | 272 | 272 | -0.08%

Farkli su fantomlarinda 4x4 alan boyutunda 10 cm derinlikte boyuna yonde

adiml dlgtimler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirildi.

Yapilan incelemede alan diginda kismi farklar goriildii.
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Tablo 4.20. 10X10 cm? alanda BS-SN ve MP fantomun ayn1 l¢iim tiplerinin karsilastirilmas.

BS- BS- SN- SN- MP- MP-
6 MV sw2s | swso | FARK O] swos | swso FARK sw2s | swso | FARK
8.00 6.19 6.15 -0.59% 6.11 6.11 0.10% 6.24 595 | -4.91%
26.00 19.28 1927 | -0.06% | 1596 15.94 -0.13% 17.04 1691 | -1.96%
24.00 96.19 96.05 | 0.15% | 96.11 96.17 0.06% 97.78 97.73 | 0.05%
2.00 99.30 99.05 | -0.25% | 99.30 99.30 0.00% 10000 | 10000 | 0.00%
0.00 10000 | 10000 | 0.00% | 10000 | 100.00 0.00% 10000 | 10000 | 0.00%
2.00 10021 | 10013 | -0.07% | 10031 | 100.35 0.03% 99.45 99.04 | -0.41%
4.00 97.79 9761 | 0.18% | 97.77 97.84 0.08% 96.24 9618 | 0.07%
6.00 1757 1756 | -0.07% | 17.59 17.59 -0.01% 18.32 18.33 | 0.05%
8.00 6.18 6.18 20.14% 6.33 6.35 0.32% 5.77 576 | 0.11%

BS- BS- SN- SN- MP- MP-

OMVT gwos | swso | PARK | swos | swso FARK sw2s | swso | FARK
8.00 5.07 5.06 20.16% 5.02 5.02 0.16% 5.16 515 | 0.34%
%6.00 19.11 1913 | 011% 16.10 16.12 0.12% 19.04 18.98 | -0.30%
24.00 96.04 9705 | 011% | 97.01 97.01 0.01% 99.37 98.79 | -0.59%
2.00 99.24 9923 | -0.01% | 99.26 99.31 0.06% 101.16 | 10088 | -0.28%
0.00 10000 | 10000 | 0.00% | 10000 | 100.00 0.00% 10000 | 10000 | 0.00%
2.00 101.05 | 10094 | -011% | 10091 | 100.91 0.00% 99.11 9878 | -0.33%
4.00 99.37 9936 | -0.01% | 99.24 99.26 0.02% 97.06 96.72 | -0.35%
6.00 19.75 1975 | 0.02% 10.87 10.88 0.05% 18.30 1826 | -0.23%
8.00 5.10 511 0.11% 5.30 5.30 0.12% 474 473 | 0.23%

BS- BS- SN- SN- MP- MP-

6 FFF sw2s | swso | PARK D g SW50 FARK sw2s | swso | FARK
8.00 5.54 553 ~0.04% 5.41 5.41 0.03% 5.68 579 | 2.01%
%6.00 14.68 1468 | -003% | 1267 12.66 ~0.12% 18.27 1824 | 017%
24.00 90.33 9026 | -0.08% | 90.23 90.18 20.05% 9117 9098 | -0.21%
2.00 9751 9743 | -008% | 97.44 97.43 20.01% 98.00 9771 | -0.30%
0.00 10000 | 10000 | 0.00% | 10000 | 100.00 0.00% 10000 | 10000 | 0.00%
2.00 97.88 9701 | 004% | 98.06 98.04 -0.03% 9759 9724 | -0.36%
4.00 91.37 9125 | -013% | 9145 9141 -0.04% 90.62 9032 | 033%
6.00 18.43 1836 | -0.38% | 18.20 18.20 20.04% 1454 1465 | 0.75%
8.00 573 5.71 20.21% 5.79 5.79 20.06% 547 545 | -0.30%

BS- BS- SN- SN- MP- MP-

0FFF 1 owos | swso | FARK | gwpos SW50 FARK sw2s | swso | FARK
-8.00 3.60 361 0.34% 356 357 0.28% 371 370 | -0.28%
26.00 13.23 1320 | -023% | 1118 11.18 0.01% 16.29 16.08 | -1.31%
4,00 84.55 8447 | 0.09% | 8435 8436 0.01% 85.96 8607 | 0.13%
2.00 95.04 9507 | 003% | 94.95 94.97 0.02% 96.29 9626 | -0.03%
0.00 10000 | 10000 | 0.00% | 10000 | 100.00 0.00% 10000 | 10000 | 0.00%
2.00 96.23 9627 | 004% | 9648 96.48 0.00% 9517 9524 | 0.07%
4.00 86.32 8631 | -0.01% | 8648 86.48 0.00% 84.54 8473 | 0.22%
6.00 16.39 1644 | 029% 16.40 16.41 0.06% 13.33 1339 | 047%
8.00 3.60 3.70 0.23% 381 382 0.08% 3.54 350 | -0.95%

Farkli su fantomlarinda 4x4 alan boyutunda 10 cm derinlikte boyuna yonde

adiml Ol¢timler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirildi.

Yapilan incelemede alan disinda kismi farklar goriildii.
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Tablo 4.21. 10X10 cm? alanda BS-SN ve MP fantomun ayni 8lgiim tiplerinin karsilagtirilmasi.

BS- BS- SN- SN- MP- MP-

EMV | qwos | swso | PARK L owos | swso | FARK | gwps | swsg | FARK
8.00 6.69 664 | 063% | 696 6.96 0.00% 6.69 6.69 0.03%
%6.00 16.27 1626 | -0.06% | 16.76 1678 | 0.15% | 16.68 1669 | 0.06%
24.00 96.20 9612 | -009% | 97.36 9738 | 002% | 97.18 9719 | 001%
2.00 99.47 9934 | -013% | 10006 | 10010 | 004% | 10005 | 10001 | -0.04%
0.00 10000 | 10000 | 000% | 10000 | 10000 | 000% | 10000 | 10000 | 0.00%
2.00 10026 | 10004 | -022% | 9923 9926 | 003% | 99.14 9918 | 0.04%
4.00 9751 9749 | -002% | 9615 9618 | 003% | 9630 9500 | -0.42%
6.00 17.91 1780 | -0.62% | 16.27 1626 | -0.06% | 16.24 1625 | 0.05%
8.00 6.93 692 | 020% | 678 6.77 015% | 668 640 | -441%

BS- BS- SN- SN- MP- MP-

MV o5 | swso | PARK | qwos | swso | FARK | swos | swso | FARK
8.00 5.80 5.82 0.40% 6.14 6.15 0.19% 5.95 5.98 0.43%
26.00 17.13 1715 | 014% | 1761 1760 | 0.04% | 17.38 1745 | 041%
24.00 97.06 9703 | 0.03% | 98.94 9895 | 001% | 9887 9910 | 024%
2.00 99.36 9938 | 002% | 10076 | 10079 | 003% | 10054 | 10088 | 0.34%
0.00 10000 | 10000 | 000% | 10000 | 10000 | 000% | 10000 | 10000 | 0.00%
2.00 10080 | 10070 | -0.10% | 99.24 9924 | 000% | 99.20 9068 | 0.48%
4.00 98.98 9900 | 001% | 97.02 9711 | 009% | 97.05 97.02 | -0.03%
6.00 18.60 1862 | 007% | 17.02 1705 | 016% | 17.38 1744 | 0.35%
8.00 6.0 6.05 0.12% 5.95 5.96 0.15% 5,60 5.71 0.34%

BS- BS- SN- SN- MP- MP-

6FFF | swos | swso | PARK | gwos | swso | PARK | swos | swso | FARK
8.00 581 5.82 0.22% 5.65 564 | 004% | 560 5.60 0.03%
%6.00 16.53 1654 | 006% | 1291 1288 | 0.23% | 1288 1289 | 0.09%
24.00 90.83 9103 | 022% | 9025 9017 | -009% | 90.18 9016 | -0.02%
2.00 97.63 9782 | 019% | 9751 9744 | -006% | 97.48 9754 | 0.06%
0.00 10000 | 10000 | 000% | 10000 | 10000 | 000% | 10000 | 10000 | 0.00%
2.00 97.40 9749 | 009% | 97.87 9772 | 015% | 97.86 9793 | 007%
4.00 90.18 9026 | 009% | 90.96 9089 | 007% | 9101 o111 | 011%
6.00 13.44 1349 | 038% | 1635 1632 | -019% | 16.98 16.98 | 0.00%
8.00 5.68 5.60 0.13% 5.87 586 | -0.10% | 581 5.81 0.04%

BS- BS- SN- SN- MP- MP-

0FFF 1 qwos | swso | PARK | qwos | swso | FARK | qwos | swsg | FARK
8.00 373 3.75 0.56% 3.75 375 | 024% | 372 371 | -048%
%6.00 13.58 1360 | 015% | 1173 1171 | 017% | 171 1180 | 0.73%
24.00 85.85 8504 | 010% | 8454 8452 | -002% | 8404 8424 | 024%
2.00 96.06 9631 | 026% | 9510 9512 | 002% | 9486 9487 | 002%
0.00 10000 | 10000 | 0.00% | 10000 | 10000 | 000% | 10000 | 100.00 | 0.00%
2.00 9484 9494 | 010% | 96.25 9631 | 007% | 9628 9641 | 013%
4.00 84.25 8454 | 034% | 8597 8503 | 005% | 8585 8622 | 043%
6.00 12.27 1234 | 063% | 1349 1350 | 004% | 1388 1402 | 097%
8.00 3.6 3.70 0.21% 3.85 384 | 016% | 3.76 371 | -1.26%

Farkli su fantomlarinda 10x10 alan boyutunda 10 cm derinlikte enine yonde

adiml dlgtimler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirildi.

Yapilan incelemede alan disinda kismi farklar goriildii.
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Tablo 4.22. 30x30 cm? alanda BS-SN ve MP fantomun aym dlgiim tiplerinin karsilastiriimas.

BS- | BS- SN- | SN- MP- | MP-
6MV | swos | swso | PARK L swos | swso | FARK | swos | swso | FARK
1500 | 93.03 | 93.28 | 027% | 93.20 | 93.22 | 002% | 9483 | 9431 | -055%
210.00 | 99.10 | 99.35 | 0.25% | 99.62 | 99.64 | 0.02% | 101.23 | 100.78 | -0.45%
500 | 99.92 | 100.17 | 0.25% | 100.44 | 10049 | 0.05% | 102.04 | 101.51 | -0.52%
0.00 | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%
500 | 101.89 | 10191 | 0.02% | 101.94 | 101.89 | -0.04% | 100.35 | 99.96 | -0.39%
10.00 | 10109 | 101.22 | 0.13% | 10113 | 10114 | 0.01% | 99.92 | 9954 | -0.37%
1500 | 9456 | 94.84 | 0.29% | 9516 | 9514 | -0.02% | 9357 | 93.08 | -0.52%
BS- | Bs- SN- | SN- MP- | MP-
WMV owos | swso | FARK ] swos | swso | PARK | swos | sweso | PARK
1500 | 9532 | 9554 | 024% | 9551 | 9552 | 0.01% | 97.22 | 96.93 | -0.29%
710,00 | 100.47 | 100.64 | 0.17% | 101.09 | 101.13 | 0.03% | 10255 | 102.57 | 0.02%
500 | 100.55 | 100.62 | 0.07% | 101.18 | 101.17 | -0.01% | 103.00 | 102.99 | -0.01%
0.00 | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%
5.00 | 102.99 | 102.85 | -0.13% | 102.94 | 102.97 | 0.04% | 10112 | 101.03 | -0.09%
10.00 | 10250 | 102.60 | 0.10% | 102.69 | 102.60 | -0.01% | 101.09 | 101.08 | -0.01%
1500 | 97.08 | 9720 | 0.12% | 97.64 | 97.66 | 0.02% | 9591 | 9586 | -0.06%
BS- | Bs- SN- | SN- MP- | MP-
6FFF | swos | swso | PARK | swos | swso | PARK | swos | swso | PARK
15,00 | 61.94 | 61.97 | 0.05% | 61.40 | 6141 | 002% | 97.22 | 96.93 | -0.29%
710,00 | 77.49 | 77.66 | 0.22% | 77.32 | 77.30 | -0.02% | 10255 | 102.57 | 0.02%
500 | 9152 | 91.67 | 0.16% | 91.46 | 91.41 | -0.06% | 103.00 | 102.99 | -0.01%
0.00 | 100.00 | 100.00 | 0.00% | 100,00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%
500 | 9253 | 92.47 | -0.06% | 92.70 | 92.69 | -0.01% | 101.12 | 101.03 | -0.09%
1000 | 78.61 | 78.61 | 0.01% | 78.71 | 78.69 | 0.02% | 101.09 | 101.08 | -0.01%
1500 | 62.95 | 62.96 | 0.01% | 6325 | 6320 | 0.08% | 9591 | 9586 | -0.06%
10 | BS | BS- SN- | SN- MP- | MP-
FEF | sw2s | swso | TARK ] swas | sweso | FARK L swos | swso | FARK
15,00 | 48.77 | 48.94 | 035% | 48.47 | 4846 | -0.01% | 62.63 | 62.69 | 0.09%
210.00 | 64.32 | 64.36 | 0.07% | 64.09 | 64.09 | 0.00% | 7831 | 7821 | -0.12%
500 | 8320 | 83.26 | 0.07% | 82.90 | 82.88 | -0.02% | 92.34 | 92.22 | -0.13%
0.00 | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%
500 | 8491 | 8486 | -0.06% | 8525 | 8523 | -0.03% | 91.74 | 91.62 | -0.13%
1000 | 65.69 | 6570 | 0.02% | 6597 | 6594 | 0.05% | 77.72 | 77.61 | -0.15%
1500 | 49.93 | 49.90 | -0.05% | 5024 | 5026 | 0.05% | 6198 | 61.90 | -0.14%

Farkl1 su fantomlarinda 30x30 alan boyutunda 10 cm derinlikte boyuna yonde

adiml dlgtimler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirildi.

Yapilan incelemede merkezden uzaklasildiginda kismi farklar goriildi.
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Tablo 4.23. 30x30 cm? alanda BS-SN ve MP fantomun aym 6lgiim tiplerinin karsilastirilmasi.

BS- BS- SN- SN- MP- MP-
6 MV SW25 | SW50 FARK SW25 | SW50 FARK SW25 | SW50 FARK

-15.00 | 93.26 93.36 | 0.11% | 94.11 94.13 | 0.02% | 94.20 94.28 | 0.08%

-10.00 | 99.56 99.73 | 0.17% | 100.67 | 100.71 | 0.04% | 100.34 | 100.57 | 0.22%

-5.00 100.34 | 100.65 | 0.30% | 101.62 | 101.65 | 0.03% | 101.42 | 101.47 | 0.05%

0.00 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%

5.00 101.55 | 101.63 | 0.09% | 100.51 | 100.51 | 0.00% | 99.95 | 100.23 | 0.28%

10.00 | 100.71 | 100.78 | 0.07% | 99.90 99.97 | 0.07% | 99.42 99.56 | 0.14%

15.00 94.50 94.65 | 0.16% | 93.82 93.85 | 0.03% | 93.10 93.11 | 0.01%

BS- | BS- SN- | SN- MP- | MP-
MV owos | swso | FARK L swos | swso | FARK | swos | swso | FARK

-15.00 | 95.69 95.53 | -0.17% | 96.62 96.70 | 0.09% | 97.01 96.92 | -0.10%

-10.00 | 101.02 | 100.93 | -0.09% | 102.35 | 102.42 | 0.07% | 102.55 | 102.52 | -0.03%

-5.00 101.16 | 100.91 | -0.26% | 102.65 | 102.72 | 0.06% | 102.96 | 102.82 | -0.14%

0.00 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%

5.00 102.64 | 102.43 | -0.21% | 101.11 | 101.16 | 0.05% | 101.09 | 101.09 | 0.01%

10.00 | 102.30 | 102.21 | -0.09% | 101.23 | 101.36 | 0.13% | 101.00 | 101.07 | 0.07%

15.00 97.01 96.80 | -0.21% | 96.18 96.29 | 0.11% | 95.49 95.78 | 0.31%

BS- | BS- SN- | SN- MP- | MP-
6FFF | swas | swso | PARK | swos | sweso | FARK | swas | swso | FARK

-15.00 | 62.55 62.58 | 0.04% | 61.59 61.59 | 0.00% | 61.91 62.08 | 0.28%

-10.00 | 78.11 78.24 | 0.16% | 77.53 7756 | 0.04% | 77.69 77.93 | 0.31%

-5.00 92.19 92.28 | 0.09% | 91.59 91.62 | 0.04% | 91.70 9198 | 0.31%

0.00 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%

5.00 91.75 91.83 | 0.08% | 92.48 9253 | 0.06% | 92.21 9250 | 0.32%

10.00 77.87 77.89 | 0.03% | 78.54 78.55 | 0.01% | 78.06 78.24 | 0.22%

15.00 62.12 62.19 | 0.11% | 62.98 63.01 | 0.06% | 62.38 62.47 | 0.14%

BS- BS- SN- SN- MP- MP-
10FFF SW25 | SW50 FARK SW25 | SW50 FARK SW25 | SW50 FARK

-15.00 | 49.63 49.62 | -0.02% | 48.83 48.81 | -0.05% | 48.85 48.96 | 0.22%

-10.00 | 65.38 65.45 | 0.11% | 64.55 64.51 | -0.06% | 64.52 64.55 | 0.05%

-5.00 84.72 84.68 | -0.05% | 83.24 83.21 | -0.04% | 83.21 83.18 | -0.04%

0.00 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 100.00 | 0.00%

5.00 83.18 83.18 | 0.01% | 85.39 85.32 | -0.08% | 84.64 84.46 | -0.22%

10.00 64.43 64.41 | -0.03% | 66.13 66.11 | -0.03% | 65.24 65.20 | -0.07%

15.00 48.92 48.90 | -0.04% | 50.31 50.30 | -0.03% | 49.36 49.58 | 0.44%

Farkli su fantomlarinda 30x30 alan boyutunda 10 cm derinlikte enine yonde
adimli 6l¢timler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirild.

Yapilan incelemede merkezden uzaklasildiginda kismi farklar goriildi.
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4.4. Profil Verilerinin Sistemler Arasinda Karsilastirilmasi

Tablo 4.24. 4x4 cm? alanda BS-SN fantomun aymi dlgiim tiplerinin karsilagtirilmast.

Enine (Crossplane)

Boyuna (Inplane)

6 MV BS-C5 SN-C5 FARK 6 MV BS-C5 SN-C5 FARK
-4.00 3.81 3.86 1.40% -4.00 3.97 4.30 7.75%
-3.00 741 6.92 -7.11% -3.00 7.04 7.57 7.05%
-2.00 76.66 74.60 -2.771% -2.00 69.04 75.06 8.03%
-1.00 98.89 98.85 -0.04% -1.00 99.09 99.47 0.38%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
1.00 99.79 99.91 0.12% 1.00 99.63 98.73 -0.91%
2.00 74.38 80.32 7.40% 2.00 75.92 69.69 -8.94%
3.00 7.04 7.32 3.78% 3.00 7.63 7.17 -6.49%
4.00 3.76 3.95 4.85% 4.00 4.13 4.15 0.53%
10 MV BS-C5 SN-C5 FARK 10 MV BS-C5 SN-C5 FARK
-4.00 3.18 3.19 0.47% -4.00 3.49 3.79 1.771%
-3.00 7.89 7.31 -7.99% -3.00 771 8.39 8.10%
-2.00 71.32 69.24 -3.00% -2.00 67.61 73.02 7.40%
-1.00 98.07 98.24 0.17% -1.00 98.00 99.34 1.36%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
1.00 99.47 99.79 0.33% 1.00 99.33 98.03 -1.32%
2.00 75.26 80.19 6.15% 2.00 73.81 67.74 -8.95%
3.00 8.33 8.63 3.51% 3.00 8.44 7.83 -7.81%
4.00 3.27 3.43 4.71% 4.00 3.63 3.63 0.11%
6 FFF BS-C5 SN-C5 FARK 6 FFF BS-C5 SN-C5 FARK
-4.00 3.60 3.48 -3.42% -4.00 3.84 3.73 -2.98%
-3.00 6.43 6.03 -6.64% -3.00 7.34 6.43 -14.28%
-2.00 67.54 64.33 -5.00% -2.00 77.14 64.31 -19.95%
-1.00 98.37 98.18 -0.20% -1.00 98.83 98.37 -0.47%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
1.00 98.91 98.90 -0.02% 1.00 98.38 98.94 0.56%
2.00 80.13 85.41 6.19% 2.00 65.52 .77 15.74%
3.00 7.47 7.58 1.49% 3.00 6.48 7.34 11.71%
4.00 3.72 3.83 2.68% 4.00 3.67 3.87 4.95%
10 FFF BS-C5 SN-C5 FARK 10 FFF BS-C5 SN-CN5 FARK
-4.00 2.62 2.57 -1.96% -4.00 2.71 2.78 2.33%
-3.00 6.30 5.83 -8.07% -3.00 6.88 6.49 -5.97%
-2.00 64.99 62.48 -4.02% -2.00 70.60 65.78 -7.34%
-1.00 96.84 97.04 0.21% -1.00 97.79 97.10 -0.71%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
1.00 98.23 98.36 0.14% 1.00 97.18 98.05 0.89%
2.00 75.88 80.62 5.88% 2.00 66.51 70.86 6.14%
3.00 7.66 7.91 3.17% 3.00 6.54 6.98 6.32%
4.00 2.76 2.86 3.55% 4.00 2.68 2.84 5.39%

Farkli su fantomlarinda 4x4 alan boyutunda 10 cm derinlikte enine ve boyuna

yonde siirekli 6l¢timler yapildi. Sistemler, tarama hizina gore karsilagtirildi. Yapilan

incelemede alan disinda farklar goriildii.
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Tablo 4.25. 10x10 cm? alanda BS-SN fantomun ayni 8lgiim tiplerinin karsilastiriimast.

Enine (Crossplane)

Boyuna (Inplane)

PROFIL BS-C5 SN-C5 FARK PROFIL BS-C5 SN-C5 FARK
-8.00 6.15 6.09 -0.97% -8.00 6.66 7.03 5.35%
-6.00 18.71 15.68 -19.34% -6.00 15.83 16.53 4.23%
-4.00 96.14 95.85 -0.29% -4.00 96.18 97.75 1.60%
-2.00 99.30 99.11 -0.19% -2.00 99.35 100.42 1.07%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
2.00 100.36 100.31 -0.05% 2.00 100.02 99.64 -0.38%
4.00 97.69 97.61 -0.09% 4.00 97.33 96.31 -1.06%
6.00 17.17 17.01 -0.97% 6.00 17.48 15.87 -10.15%
8.00 6.15 6.31 2.55% 8.00 6.93 6.80 -1.82%

PROFIL BS-C5 SN-C5 FARK PROFIL BS-C5 SN-C5 FARK
-8.00 5.04 5.03 -0.29% -8.00 5.76 6.12 5.91%
-6.00 18.66 15.96 -16.90% -6.00 16.79 17.38 3.42%
-4.00 97.13 97.06 -0.07% -4.00 96.97 98.96 2.01%
-2.00 99.22 99.26 0.04% -2.00 99.18 100.76 1.57%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
2.00 101.03 100.94 -0.08% 2.00 100.65 99.15 -1.51%
4.00 99.43 99.11 -0.31% 4.00 98.73 97.15 -1.63%
6.00 19.30 19.26 -0.24% 6.00 18.22 16.66 -9.38%
8.00 5.12 531 3.48% 8.00 6.05 5.94 -1.84%

PROFIL BS-C5 SN-C5 FARK PROFIL BS-C5 SN-C5 FARK
-8.00 5.50 5.43 -1.34% -8.00 5.82 5.63 -3.29%
-6.00 14.25 12.53 -13.76% -6.00 16.00 12.73 -25.68%
-4.00 90.31 90.17 -0.15% -4.00 90.99 90.04 -1.05%
-2.00 97.37 97.32 -0.05% -2.00 97.85 97.26 -0.61%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
2.00 97.77 97.82 0.05% 2.00 97.60 97.71 0.12%
4.00 91.01 91.37 0.39% 4.00 90.28 90.83 0.60%
6.00 17.71 17.38 -1.87% 6.00 13.28 15.78 15.89%
8.00 5.70 5.77 1.24% 8.00 5.71 5.87 2.64%

PROFIL BS-C5 SN-C5 FARK PROFIL BS-C5 SN-C5 FARK
-8.00 3.55 3.58 0.63% -8.00 3.75 3.75 0.04%
-6.00 12.81 11.16 -14.84% -6.00 13.23 11.56 -14.45%
-4.00 84.45 84.26 -0.22% -4.00 85.92 84.47 -1.72%
-2.00 94.91 94.77 -0.15% -2.00 96.14 95.05 -1.15%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
2.00 96.14 96.39 0.25% 2.00 94.93 96.24 1.35%
4.00 86.29 86.37 0.10% 4.00 84.44 85.90 1.71%
6.00 15.86 15.73 -0.81% 6.00 12.09 13.15 8.09%
8.00 3.68 3.81 3.30% 8.00 3.68 3.83 3.87%

Farkli su fantomlarinda 10x10 alan boyutunda 10 cm derinlikte enine ve

boyuna yonde siirekli 6l¢iimler yapildi. Sistemler, tarama hizina gore karsilagtirildi.

Yapilan incelemede alan diginda farklar goriildii.
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Tablo 4.26. 30x30 cm? alanda BS-SN fantomun ayni dl¢iim tiplerinin karsilastiriimast.

Crossplane Inplane
6 MV BS-C5 | SN-C5 FARK 6 MV BS-C5 | SN-C5 FARK
-15.00 93.15 93.31 0.17% -15.00 93.10 93.99 0.95%
-10.00 99.40 99.68 0.27% -10.00 99.56 100.66 1.09%
-5.00 99.92 100.56 0.64% -5.00 100.24 | 101.50 1.24%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
5.00 101.88 101.92 0.04% 5.00 101.43 100.42 -1.01%
10.00 101.12 101.09 -0.03% 10.00 100.56 99.82 -0.74%
15.00 94.82 95.26 0.47% 15.00 94.54 93.71 -0.88%
10 MV BS-C5 SN-C5 FARK 10 MV BS-C5 SN-C5 FARK
-15.00 95.40 95.48 0.08% -15.00 95.55 96.57 1.05%
-10.00 100.50 101.03 0.53% -10.00 100.90 102.34 1.40%
-5.00 100.62 101.13 0.51% -5.00 100.83 102.62 1.75%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
5.00 102.75 102.92 0.17% 5.00 102.53 101.04 -1.48%
10.00 102.62 102.65 0.03% 10.00 102.00 101.18 -0.81%
15.00 97.19 97.64 0.46% 15.00 96.79 96.16 -0.66%
6 FFF BS-C5 | SN-C5 FARK 6 FFF BS-C5 | SN-C5 FARK
-15.00 62.01 61.40 -0.99% -15.00 62.59 61.63 -1.57%
-10.00 77.50 77.30 -0.26% -10.00 78.23 77.57 -0.84%
-5.00 91.58 91.48 -0.11% -5.00 92.42 91.63 -0.86%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
5.00 92.56 92.72 0.17% 5.00 91.91 92.45 0.59%
10.00 78.62 78.71 0.11% 10.00 78.08 78.54 0.60%
15.00 62.95 63.23 0.43% 15.00 62.23 63.03 1.25%
10 FFF | BS-C5 | SN-C5 FARK 10 FFF | BS-C5 | SN-C5 FARK
-15.00 48.80 48.54 -0.53% -15.00 49.68 48.88 -1.64%
-10.00 64.39 64.21 -0.27% -10.00 65.42 64.52 -1.39%
-5.00 83.02 82.91 -0.14% -5.00 84.59 83.21 -1.66%
0.00 100.00 100.00 0.00% 0.00 100.00 100.00 0.00%
5.00 84.74 85.30 0.66% 5.00 83.26 85.15 2.22%
10.00 65.52 65.93 0.61% 10.00 64.57 66.05 2.24%
15.00 49.77 50.28 1.00% 15.00 49.06 50.22 2.31%

Farkli su fantomlarinda 30x30 alan boyutunda 10 cm derinlikte enine ve

boyuna yonde siirekli 6l¢iimler yapildi. Sistemler, tarama hizina gore karsilagtirildi.

Yapilan incelemede, merkezden uzaklasildiginda farklar goriildii.
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Tablo 4.27. 4x4 cm? alanda BS-SN ve MP fantomun aym 6l¢iim tiplerinin karsilastiriimasi.

BS- SN- MP- BS- SN- MP-
EMV 1 qwos | swos | PARKLE qpps | FARKZ | qusg | swsg | PARKL | gy | FARK2
200 | 384 381 | 082% | 359 | -697% | 385 384 | 023% | 369 | -4.24%
300 | 761 682 | -11.60% | 708 | -7.45% | 7.62 682 | -1171% | 709 | -7.45%
200 | 7654 | 7489 | 220% | 7204 | 6.25% | 7664 | 7493 | 2.28% | 7204 | -6.38%
100 | 9883 | 9890 | 007% | 9966 | 083% | 9887 | 9879 | 0.08% | 9980 | 0.94%
0.00 | 10000 | 10000 | 000% | 10000 | 0.00% | 10000 | 10000 | 000% | 100.00 | 0.00%
100 | 9990 | 9973 | -017% | 99.05 | 0.87% | 9971 | 9973 | 002% | 9927 | -0.44%
200 | 7418 | 8137 | 884% | 7800 | 491% | 7408 | 8132 | 890% | 7804 | 507%
3.00 7.04 729 | 077% | 779 | 712% | 7.26 728 | 036% | 780 | 6.97%
2.00 3.76 395 | 492% | 368 | -210% | 3.75 393 | 461% | 368 | -1.67%

BS- SN- MP- BS- SN- MP-

oMY | oo | b | FARKL | M | FARK2 | 351 S| FARKL | P | FARK2
200 | 321 319 | 059% | 312 | -287% | 320 319 | 030% | 313 | -2.13%
300 | 819 719 | -1387% | 818 | 0.07% | 815 717 | 1367% | 823 | 094%
200 | 7150 | 6930 | 317% | 7286 | 187% | 7136 | 6929 | 2.99% | 7290 | 211%
100 | 9816 | 9824 | 008% | 9938 | 124% | 9777 | 9818 | 042% | 9959 | 1.82%
0.00 | 10000 | 10000 | 000% | 10000 | 0.00% | 10000 | 10000 | 000% | 100.00 | 0.00%
100 | 9961 | 9963 | 003% | 9813 | -1.50% | 9918 | 99.63 | 045% | 9866 | -0.53%
200 | 7509 | 80.95 | 724% | 7337 | 2.34% | 7484 | 8090 | 7.49% | 7342 | -1.94%
3.00 8.58 861 | 029% | 846 | -150% | 852 858 | 066% | 851 | -0.12%
4.00 3.26 343 | 507% | 311 | -477% | 324 343 | 533% | 313 | 3.62%

BS- SN- MP- BS- SN- MP-

BFFF | o | sums | FARKL | M 1 FaRk2 | (0o | S| FARKL | M| FARK?
200 | 360 349 | 332% | 370 | 258% | 360 348 | 337% | 366 | L75%
300 | 654 599 | -921% | 748 | 1251% | 654 599 | 919% | 750 | 12.76%
200 | 6757 | 6441 | 491% | 7783 | 13.18% | 6752 | 6437 | -489% | 77.99 | 13.43%
100 | 9821 | 9830 | 009% | 9851 | 031% | 9816 | 9826 | 010% | 9871 | 055%
000 | 10000 | 10000 | 0.00% | 10000 | 0.00% | 10000 | 10.00 | 000% | 10000 | 0.00%
100 | 9895 | 9908 | 013% | 9844 | 052% | 9870 | 99.07 | 038% | 9844 | -0.26%
200 | 7984 | 8650 | 7.71% | 7048 | -1327% | 7956 | 8643 | 795% | 70.64 | -12.62%
3.00 7.68 754 | -185% | 667 | -1510% | 7.66 754 | 152% | 669 | -1450%
4.00 373 384 | 284% | 346 | -7.68% | 372 382 | 256% | 347 | 7.20%

BS- SN- MP- BS- SN- MP-

0FFF | o | e | FARKL | MP | RaRK2 | bt | SN | FARKL | B FARK?
200 | 261 255 | 202% | 272 | 429% | 260 257 | A17% | 271 | 418%
300 | 648 575 | -12.66% | 7.46 19% | 650 574 | 1314% | 752 | 13.61%
200 | 6506 | 6221 | -458% | 7326 | 11.19% | 6519 | 6220 | -4.80% | 7352 | 1L.34%
100 | 9691 | 9691 | 001% | 9756 | 0.67% | 97.04 | 9680 | 0.25% | 97.97 | 0.94%
000 | 10000 | 10000 | 000% | 10000 | 0.00% | 10000 | 10000 | 000% | 100.00 | 0.00%
100 | 9810 | 9842 | 033% | 9741 | -1.01% | 9822 | 9834 | 013% | 9724 | -101%
200 | 7557 | 8130 | 7.04% | 67.77 | -1151% | 7569 | 8130 | 689% | 67.98 | -11.34%
3.00 7.93 783 | 131% | 679 | -16.78% | 7.92 783 | -116% | 678 | -16.73%
4.00 273 288 | 524% | 237 | -1528% | 273 287 | 485% | 237 | -1536%

Farkli su fantomlarinda 4x4 alan boyutunda 10 cm derinlikte enine yonde

adimli 6lgtimler yapildi. Sistemler adim tipine gore karsilastirildi. Yapilan incelemede

alan diginda farklar goriildii.
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Tablo 4.28. 10x10 cm? alanda BS-SN ve MP fantomun ayni 8lgiim tiplerinin karsilastirilmas.

BS- SN- MP- BS- SN- MP-
MVl qwos | swos | PARKL | g | FARKZ gy | gwsg | FARKL | gy | PARKZ

-8.00 6.19 6.11 -1.36% 6.24 0.81% 6.15 6.11 -0.67% 5.95 -3.46%

-6.00 19.28 15.96 -20.82% 17.24 -11.83% 19.27 15.94 -20.90% 16.91 -13.94%

-4.00 96.19 96.11 -0.08% 97.78 1.62% 96.05 96.17 0.13% 97.73 1.72%

-2.00 99.30 99.30 0.00% 100.00 0.70% 99.05 99.30 0.25% 100.00 0.95%

0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%

200 | 10021 | 10031 | 011% | 9945 | -0.76% | 10013 | 10035 | 021% | 9904 | -1.10%
400 | 9779 | 97.77 | 0.02% | 9624 | -161% | 9761 | 97.84 | 024% | 9618 | -1.49%
600 | 1757 | 1750 | 013% | 1832 | 412% | 1756 | 1750 | 019% | 1833 | 423%
800 | 618 | 633 | 226% | 577 | -724% | 618 6.35 2.72% 576 | 7.20%
10 BS- SN- - - - -
MV | sw2s | swas | FARKL sh\va;s FARKZ 35550 S\S/{/\lso FARK1 sl\\;lvF:so FARK2
800 | 507 | 502 | 099% | 516 | 189% | 506 502 | 067% | 515 | L171%
600 | 1941 | 1610 | -18.72% | 1904 | -037% | 1913 | 1612 | -18.71% | 1898 | -0.79%
400 | 9694 | 9701 | 007% | 9937 | 244% | 97.05 | 9701 | -003% | 9879 | 1.76%

-2.00 99.24 99.26 0.02% 101.16 1.90% 99.23 99.31 0.08% 100.88 1.63%

0.00 100.00 | 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%

2.00 101.05 | 100.91 -0.15% 99.11 -1.96% 100.94 100.91 -0.03% 98.78 -2.19%

400 | 9937 | 9924 | 014% | 97.06 | 238% | 9936 | 9926 | 0.10% | 9672 | -2.73%
600 | 1975 | 1987 | 061% | 1830 | -7.01% | 1975 | 1988 | 064% | 1826 | -8.19%
800 | 510 | 530 | 366% | 474 | -762% | 541 530 367% 473 | 7.98%
6 FFF 53525 sf’/:/\lzs FARK1 sh\?vF;s FARK2 55\?50 S\S/:/\lso FARK1 sl\\;lvF;o FARK2
800 | 554 | 541 | 238% | 568 | 249% | 553 541 | 231% | 579 | 449%
600 | 1468 | 1267 | -1583% | 1827 | 19.66% | 1468 | 1266 | -1594% | 1824 | 1954%
400 | 9033 | 9023 | 011% | 9117 | 091% | 9026 | 9018 | -0.09% | 9098 | 0.79%
200 | 9751 | 9744 | 008% | 9800 | 050% | 9743 | 9743 | 0.01% | 9771 | 028%

0.00 100.00 | 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%

2.00 97.88 98.06 0.19% 97.59 -0.30% 97.91 98.04 0.13% 97.24 -0.70%

4.00 91.37 91.45 0.09% 90.62 -0.82% 91.25 91.41 0.17% 90.32 -1.03%

600 | 1843 | 1820 | -124% | 1454 | -26.72% | 1836 | 1820 | -0.00% | 1465 | -2530%
800 | 573 | 579 | 107% | 547 | 467% | 571 5.79 123% 545 | -4.76%
10 BS- SN- - - - -
FFE | sw2s | swos | TARKL sl\\;lv25 FARKZ ss\?so S\S/{/\lso FARK1 sl\\;lvgo FARK2
800 | 360 | 356 | -1.28% | 371 | 281% | 361 357 | -133% | 370 | 220%
600 | 1323 | 1118 | -1827% | 1629 | 18.82% | 1320 | 1118 | -17.98% | 1608 | 17.95%
400 | 8455 | 8435 | 024% | 8596 | 164% | 8447 | 8436 | 0.13% | 8607 | 186%
200 | 9504 | 9495 | 0.09% | 9629 | 130% | 9507 | 9497 | 0.11% | 9626 | 1.24%

0.00 100.00 | 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%

2.00 96.23 96.48 0.26% 95.17 -1.11% 96.27 96.48 0.22% 95.24 -1.08%

4.00 86.32 86.48 0.19% 84.54 -2.11% 86.31 86.48 0.19% 84.73 -1.87%

6.00 16.39 16.40 0.05% 13.33 -23.02% 16.44 16.41 -0.19% 13.39 -22.80%

8.00 3.69 3.81 3.26% 3.54 -4.26% 3.70 3.82 3.11% 3.50 -5.49%

Farkl1 su fantomlarinda 30x30 alan boyutunda, 10 cm derinlikte enine yonde
adiml dlgtimler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirildi.

Yapilan incelemede alan disinda farklar goriildii.
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Tablo 4.29. 30x30 cm? alanda BS-SN ve MP fantomun ayni 8lgiim tiplerinin karsilastirilmasi.

BS- | SN- MP- BS- | SN- MP-
MV | swas | swas | FARKL | qos | FARKZ | q\vsg | swio | PARKL | gwsp | FARKZ
1500 | 93.03 | 9320 | 019% | 9483 | 1.00% | 9328 | 9322 | -0.06% | 9431 | 1.09%
1000 | 99.10 | 99.62 | 053% | 10123 | 211% | 9935 | 99.64 | 0.30% | 100.78 | 1.42%
500 | 99.92 | 10044 | 052% | 102.04 | 2.08% | 10017 | 10049 | 0.32% | 101.51 | 1.32%
0.00 | 100,00 | 100.00 | 0.00% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
500 | 101.89 | 101.94 | 0.04% | 10035 | -154% | 101.91 | 101.89 | -0.02% | 99.96 | -1.95%
1000 | 101.09 | 10113 | 0.04% | 99.92 | -1.17% | 10122 | 10114 | -0.08% | 9954 | -1.68%
1500 | 9456 | 9516 | 0.63% | 9357 | -1.06% | 9484 | 9514 | 032% | 93.08 | -1.89%
BS- | SN- MP- BS- | SN- MP-
oMy | S5 S FaRKL | MPFARK2 | (oo | ot | FARKL | P | FARK2
1500 | 9532 | 9551 | 021% | 97.22 | 1.95% | 9554 | 9552 | -0.02% | 96.93 | 1.43%
71000 | 10047 | 101.09 | 0.62% | 10255 | 2.03% | 10064 | 101.13 | 0.48% | 10257 | 1.88%
500 | 10055 | 101.18 | 0.62% | 103.00 | 2.38% | 100.62 | 101.17 | 0.55% | 102.99 | 2.30%
0.00 | 100.00 | 100.00 | 0.00% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
500 | 10299 | 102.94 | -0.05% | 10112 | -1.84% | 102.85 | 10297 | 0.12% | 101.03 | -1.80%
1000 | 102,50 | 102.69 | 0.19% | 101.09 | -1.39% | 102.60 | 102.69 | 0.08% | 101.08 | -1.51%
1500 | 97.08 | 9764 | 058% | 9591 | -121% | 97.20 | 97.66 | 047% | 9586 | -1.40%
BS- | SN- MP- BS- | SN- MP-
BFFF | qoore | coups | FARKL | P | FARK2 | oo | S | FARKL | M | FARK2
1500 | 61.94 | 6140 | -0.88% | 62.63 | 1.10% | 6197 | 6141 | -091% | 6269 | 1.15%
1000 | 7749 | 7732 | -022% | 7831 | 1.04% | 77.66 | 7730 | -0.47% | 7821 | 0.70%
500 | 9152 | 9146 | -0.06% | 92.34 | 0.89% | 9167 | 9141 | -028% | 9222 | 0.60%
0.00 | 100,00 | 100.00 | 0.00% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
500 | 9253 | 9270 | 019% | 91.74 | -0.86% | 9247 | 92.69 | 0.24% | 91.62 | -0.93%
1000 | 7861 | 7871 | 012% | 77.72 | -1.14% | 78.61 | 7869 | 0.09% | 77.61 | -1.30%
1500 | 6295 | 6325 | 047% | 61.98 | -1.56% | 62.96 | 6320 | 038% | 6190 | -1.71%
BS- | SN- MP- BS- | SN- MP-
0FFF | oo | abe | FARKL | i | Farkz | S5 | SN | Fark | W | FARK?
1500 | 48.77 | 4847 | -0.62% | 49.68 | 1.83% | 48.94 | 4846 | -0.09% | 49.75 | 1.63%
1000 | 6432 | 6409 | -0.36% | 6546 | 1.74% | 6436 | 6409 | -0.42% | 6557 | 1.84%
500 | 8320 | 8290 | -0.36% | 8458 | 1.63% | 8326 | 8288 | -0.45% | 8471 | 1.71%
0.00 | 100,00 | 100.00 | 0.00% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
500 | 8491 | 8525 | 040% | 8342 | -1.78% | 84.86 | 8523 | 0.44% | 8335 | -1.81%
1000 | 6569 | 6597 | 042% | 6442 | -1.97% | 6570 | 6594 | 036% | 6442 | -1.98%
1500 | 4993 | 5024 | 0.62% | 48.71 | -2.49% | 49.90 | 5026 | 0.71% | 4883 | -2.10%

Farkli su fantomlarinda 30x30 alan boyutunda 10 cm derinlikte enine yonde

adiml dlgtimler yapildi. Sistemler kendi igerisinde, adim tipine gore karsilagtirildi.

Yapilan incelemede merkezden uzaklasildiginda farklar goriildii.
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Tablo 4.30. 4x4 cm? alanda BS-SN ve MP fantomun aym &lgiim tiplerinin karsilastirilmasi.

BS- SN- MP- BS- | SN\- MP-

EMV 1 gwos | swos | PARKL | guos | FARKZ 1 gyysg | swsp | PARKL | gygp | FARKZ
24,00 3.95 427 740% | 411 | 380% | 397 | 420 | 746% | 412 | 3.68%
3.00 7.19 7.45 355% | 7.60 | 547% | 718 | 749 | 415% | 7.61 | 562%
200 | 6905 | 7533 | 833% | 7298 | 539% | 6917 | 7533 | 8i7% | 7311 | 5.39%
100 | 9875 | 9952 | 0.77% | 9939 | 065% | 9893 | 9957 | 0.64% | 99.77 | 0.84%
0.00 | 10000 | 10000 | 0.00% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
1.00 9046 | 9885 | -062% | 9854 | -0.94% | 99.61 | 98.99 | -0.62% | 99.22 | -0.39%
2.00 7543 | 7054 | 6.93% | 7091 | 6.39% | 7562 | 7059 | 7.12% | 7.04 | -6.45%
3.00 783 715 | 041% | 708 | -1058% | 779 | 715 | -8.82% | 7.09 | -9.84%
2.00 211 415 0.99% | 411 | -008% | 417 | 417 | -003% | 412 | -132%

BS- SN- MP- BS- | SN- MP-

omv | S5 S| Rarke | MP | rarke | B S| FARKL | P | FARK?
.00 352 3.80 730% | 359 | 178% | 350 | 378 | 7.44% | 357 | 2.05%
33.00 7.85 8.25 485% | 834 | 504% | 791 | 825 | 414% | 830 | 4.70%
200 | 6760 | 7331 | 7.79% | 7085 | 458% | 67.85 | 7332 | 747% | 7052 | 3.80%
100 | 9796 | 9936 | 1.41% | 9920 | 1.25% | 9831 | 9937 | 1.07% | 99.04 | 0.74%
0.00 | 10000 | 10000 | 0.00% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
1.00 9022 | 9825 | -0.99% | 9850 | -064% | 9954 | 9817 | -1.40% | 98.22 | -1.34%
2.00 7374 | 6850 | 7.65% | 69.50 | 6.10% | 73.76 | 68.49 | -7.60% | 69.20 | -6.59%
3.00 8.67 778 | -11.46% | 804 | 7.79% | 870 | 7.78 | -11.72% | 831 | -4.71%
2.00 367 364 | 0.74% | 358 | -246% | 367 | 364 | 0.91% | 357 | -2.83%

BS- SN- MP- BS- | SN- MP-

BFFF | aome | sums | FARKL | P | FARK2 | oo | SN | FARKL | Mbo | FARK2
24,00 384 372 | 324% | 365 | B511% | 382 | 372 | 2.67% | 347 | -1020%
3.00 751 637 | -18.01% | 635 | -18.23% | 755 | 636 | -18.63% | 637 | -18.60%
200 | 7601 | 6435 | -1951% | 6195 | -24.14% | 7707 | 6432 | -19.81% | 6229 | -23.73%
100 | 9867 | 9831 | 0.37% | 9833 | -0.35% | 98.85 | 98.34 | -0.51% | 98.21 | -0.64%
0.00 | 10000 | 10000 | 000% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
1.00 9822 | 9889 | 068% | 99.01 | 080% | 9841 | 9884 | 043% | 98.94 | 053%
2.00 6517 | 7859 | 17.08% | 7840 | 16.87% | 6525 | 7855 | 16.93% | 78.11 | 16.47%
3.00 6.56 732 | 1036% | 763 | 1408% | 657 | 731 | 1016% | 7.65 | 14.10%
4.00 3.68 3.01 575% | 370 | 055% | 367 | 391 | 604% | 371 | 0.99%

BS- SN- MP- BS- | SN- MP-

W0FFF | oo | s | FARKL | Mo | Fark2 | Boo | SN | FARKL | MP- | FARK?
.00 273 2.76 T12% | 245 | -1149% | 271 | 277 | 220% | 243 | -11.22%
3.00 710 639 | -11.18% | 628 | -13.01% | 709 | 637 | -1129% | 635 | -11.65%
200 | 7060 | 6581 | -7.28% | 6350 | -11.19% | 7058 | 6573 | -7.38% | 63.36 | -11.39%
100 | 9807 | 97.07 | -1.04% | 97.05 | -1.06% | 98.00 | 9710 | -0.92% | 96.94 | -1.09%
0.00 | 10000 | 10000 | 000% | 100.00 | 0.00% | 100.00 | 100.00 | 0.00% | 100.00 | 0.00%
1.00 9714 | 9797 | 084% | 9820 | 1.08% | 97.06 | 9806 | 1.03% | 98.16 | 1.13%
2.00 6632 | 7159 | 736% | 7193 | 7.79% | 66.36 | 7164 | 737% | 71.88 | 7.68%
3.00 6.70 6.93 323% | 727 | 774% | 668 | 693 | 352% | 7.25 | 7.90%
4.00 2.69 2.84 510% | 272 | 111% | 268 | 285 | 590% | 272 | 155%

Farkli su fantomlarinda 4x4 alan boyutunda 10 cm derinlikte boyuna y6nde

adimli Ol¢limler yapildi. Sistemler, adim tipine gore karsilagtirildi. Yapilan

incelemede alan kenar1 ve disinda farklar goriildii.
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Tablo 4.31. 10x10 cm? alanda BS-SN ve MP fantomun ayni 6lgiim tiplerinin karsilastirilmas.

BS- SN- MP- BS- SN- MP-

EMV SW25 SW25 FARK1 SW25 FARK2 SW50 SW50 FARK1 SW50 FARK2
-8.00 6.69 6.96 3.91% 6.69 0.03% 6.64 6.96 4.52% 6.69 0.69%
-6.00 16.27 16.76 2.90% 16.68 2.47% 16.26 16.78 3.11% 16.69 2.59%
-4.00 96.20 97.36 1.19% 97.18 1.00% 96.12 97.38 1.30% 97.19 1.10%
-2.00 99.47 100.06 0.59% 100.05 0.58% 99.34 100.10 0.75% 100.01 0.67%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%
2.00 100.26 99.23 -1.05% 99.14 -1.14% 100.04 99.26 -0.79% 99.18 -0.87%
4.00 97.51 96.15 -1.41% 96.30 -1.25% 97.49 96.18 -1.36% 95.90 -1.65%
6.00 17.91 16.27 -10.02% 16.24 -10.27% 17.80 16.26 -9.42% 16.25 -9.54%
8.00 6.93 6.78 -2.23% 6.68 -3.73% 6.92 6.77 -2.19% 6.40 -8.10%

BS- SN- MP- BS- SN- MP-

10 MV SW25 SW25 FARK1 SW25 FARK2 SW50 SW50 FARK1 SW50 FARK2
-8.00 5.80 6.14 5.48% 5.95 2.54% 5.82 6.15 5.271% 5.98 2.571%
-6.00 17.13 17.61 2.73% 17.38 1.45% 17.15 17.60 2.55% 17.45 1.72%
-4.00 97.06 98.94 1.90% 98.87 1.83% 97.03 98.95 1.94% 99.10 2.09%
-2.00 99.36 100.76 1.38% 100.54 1.17% 99.38 100.79 1.40% 100.88 1.49%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%
2.00 100.80 99.24 -1.58% 99.20 -1.62% 100.70 99.24 -1.47% 99.68 -1.03%
4.00 98.98 97.02 -2.03% 97.05 -1.99% 99.00 97.11 -1.95% 97.02 -2.03%
6.00 18.60 17.02 -9.31% 17.38 -7.04% 18.62 17.05 -9.22% 17.44 -6.74%
8.00 6.04 5.95 -1.60% 5.69 -6.15% 6.05 5.96 -1.57% 571 -5.92%

BS- SN- MP- BS- SN- MP-

6 FFF SW25 SW25 FARK1 SW25 FARK2 SW50 SW50 FARK1 SW50 FARK2
-8.00 5.81 5.65 -2.88% 5.60 -3.75% 5.82 5.64 -3.15% 5.60 -3.95%
-6.00 16.53 12.91 -28.03% 12.88 -28.37% 16.54 12.88 -28.39% | 12.89 -28.33%
-4.00 90.83 90.25 -0.64% 90.18 -0.72% 91.03 90.17 -0.95% 90.16 -0.97%
-2.00 97.63 97.51 -0.13% 97.48 -0.16% 97.82 97.44 -0.39% 97.54 -0.29%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%
2.00 97.40 97.87 0.47% 97.86 0.46% 97.49 97.72 0.23% 97.93 0.44%
4.00 90.18 90.96 0.86% 91.01 0.92% 90.26 90.89 0.69% 91.11 0.93%
6.00 13.44 16.35 17.83% 16.98 20.87% 13.49 16.32 17.36% 16.98 20.57%
8.00 5.68 5.87 3.20% 5.81 2.17% 5.69 5.86 2.97% 5.81 2.08%

BS- SN- MP- BS- SN- MP-

10 FFF SW25 SW25 FARK1 SW25 FARK2 SW50 SW50 FARK1 SW50 FARK2
-8.00 3.73 3.75 0.58% 3.72 -0.25% 3.75 3.75 -0.21% 3.71 -1.29%
-6.00 13.58 11.73 -15.75% 11.71 -15.96% 13.60 11.71 -16.12% || 11.80 -15.28%
-4.00 85.85 84.54 -1.55% 84.04 -2.15% 85.94 84.52 -1.68% 84.24 -2.01%
-2.00 96.06 95.10 -1.01% 94.86 -1.27% 96.31 95.12 -1.25% 94.87 -1.52%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 100.00 0.00% 100.00 0.00%
2.00 94.84 96.25 1.46% 96.28 1.50% 94.94 96.31 1.43% 96.41 1.53%
4.00 84.25 85.97 2.00% 85.85 1.86% 84.54 85.93 1.61% 86.22 1.94%
6.00 12.27 13.49 9.08% 13.88 11.65% 12.34 13.50 8.54% 14.02 11.95%
8.00 3.69 3.85 4.11% 3.76 1.87% 3.70 3.84 3.76% 3.71 0.43%

Farkli su fantomlarinda 10x10 alan boyutunda 10 cm derinlikte boyuna yonde

adimli Ol¢iimler yapildi. Sistemler, adim tipine goére karsilastirildi. Yapilan

incelemede alan kenar1 ve disinda farklar gorildii.
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Tablo 4.32. 30x30 cm? alanda BS-SN ve MP fantomun ayni 6lgiim tiplerinin karsilastirilmas.

BS-

MP-

BS-

SN-

MP-

6 MV SW25 SN-SW25 | FARK1 SW25 FARK2 SW50 | SW50 FARK1 SW50 FARK?2
-15.00 93.26 94.11 0.90% 94.20 1.00% 93.36 94.13 0.81% 94.28 0.97%
-10.00 99.56 100.67 1.10% 100.34 0.78% 99.73 100.71 0.98% 100.57 0.83%
-5.00 100.34 101.62 1.26% 101.42 1.07% 100.65 | 101.65 0.99% 101.47 0.82%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 | 100.00 0.00% 100.00 0.00%
5.00 101.55 100.51 -1.03% 99.95 -1.60% 101.63 | 100.51 -1.11% 100.23 -1.40%
10.00 100.71 99.90 -0.81% 99.42 -1.29% 100.78 99.97 -0.81% 99.56 -1.22%
15.00 94.50 93.82 -0.72% 93.10 -1.50% 94.65 93.85 -0.85% 93.11 -1.65%
BS- MP- BS- SN- MP-
10 MV SW25 SN-SW25 FARK1 SW25 FARK2 SW50 SW50 FARK1 SW50 FARK2
-15.00 95.69 96.62 0.97% 97.01 1.37% 95.53 96.70 1.21% 96.92 1.44%
-10.00 101.02 102.35 1.29% 102.55 1.49% 100.93 | 102.42 1.46% 102.52 1.55%
-5.00 101.16 102.65 1.45% 102.96 1.74% 10091 | 102.72 1.76% 102.82 1.86%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 | 100.00 0.00% 100.00 0.00%
5.00 102.64 101.11 -1.52% 101.09 -1.54% 102.43 | 101.16 -1.26% 101.09 -1.32%
10.00 102.30 101.23 -1.05% 101.00 -1.28% 102.21 | 101.36 -0.84% 101.07 -1.12%
15.00 97.01 96.18 -0.86% 95.49 -1.59% 96.80 96.29 -0.53% 95.78 -1.07%
BS- MP- BS- SN- MP-
6 FFF SW25 SN-SW25 FARK1 SW25 FARK?2 SW50 SW50 FARK1 SW50 FARK?2
-15.00 62.55 61.59 -1.56% 61.91 -1.04% 62.58 61.59 -1.60% 62.08 -0.80%
-10.00 78.11 77.53 -0.74% 77.69 -0.54% 78.24 77.56 -0.87% 77.93 -0.39%
-5.00 92.19 91.59 -0.66% 91.70 -0.54% 92.28 91.62 -0.71% 91.98 -0.32%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 | 100.00 0.00% 100.00 0.00%
5.00 91.75 92.48 0.78% 92.21 0.49% 91.83 92.53 0.76% 92.50 0.73%
10.00 77.87 78.54 0.86% 78.06 0.25% 77.89 78.55 0.84% 78.24 0.44%
15.00 62.12 62.98 36% 62.38 0.43% 62.19 63.01 1.31% 62.47 0.46%
10 BS- MP- BS- SN- MP-
EFE SW25 SN-SW25 FARK1 SW25 FARK2 SW50 SW50 FARK1 SW50 FARK2
-15.00 49.63 48.83 -1.62% 48.85 -1.59% 49.62 48.81 -1.66% 48.96 -1.35%
-10.00 65.38 64.55 -1.29% 64.52 -1.34% 65.45 64.51 -1.47% 64.55 -1.40%
-5.00 84.72 83.24 -1.78% 83.21 -1.82% 84.68 83.21 -1.77% 83.18 -1.81%
0.00 100.00 100.00 0.00% 100.00 0.00% 100.00 | 100.00 0.00% 100.00 0.00%
5.00 83.18 85.39 2.59% 84.64 1.73% 83.18 85.32 2.50% 84.46 1.51%
10.00 64.43 66.13 2.57% 65.24 1.24% 64.41 66.11 2.57% 65.20 1.21%
15.00 48.92 50.31 2.77% 49.36 0.89% 48.90 50.30 2.771% 49.58 1.36%

Farkl1 su fantomlarinda 30x30 alan boyutunda 10 cm derinlikte boyuna yonde

adimli Ol¢limler yapildi. Sistemler, adim tipine gore karsilagtirildi. Yapilan

incelemede merkezden uzaklasildiginda kismi farklar goriildii.

55




Tablo 4.33. BS-SN ve MP su fantomlarinda enine yonde alinan 6lgiimlerde, 4x4 alan boyutunda, temel

parametrelerin MV enerjilerinde karsilastiriimast.

6 MV Alan Flatness Symmetry(%) Pen.Left(mm) Pen
cm? (%) Right(mm)
BS-C5 4x4 2,53 0,27 6,16 5,86
BS-C10 4x4 2,60 0,30 6,17 5,83
BS-C20 4x4 2,51 0,25 6,18 5,84
SN-C5 4x4 2,64 0,17 541 4,66
BS-SW25 4x4 2,76 0,23 6,36 6,20
SN-SW25 4x4 2,54 0,20 5,60 5,25
MP-SW25 4x4 2,391 0,32 6,32 6,10
BS-SW50 4x4 2,74 0,14 6,35 6,21
SN-SW50 4x4 2,52 0,14 5,59 5,26
MP-SW50 4x4 2,71 0,02 6,32 6,09
10 MV
BS-C5 4x4 2,53 0,27 6,16 5,86
BS-C10 4x4 2,60 0,30 6,17 5,83
BS-C20 4x4 2,51 0,25 6,18 5,84
SN-C5 ax4 2,64 0,17 5,41 4,66
BS-SW25 4x4 2,76 0,23 6,36 6,20
SN-SW25 4x4 2,54 0,20 5,60 5,25
MP-SW25 4x4 2,391 0,32 6,32 6,10
BS-SW50 4x4 2,74 0,14 6,35 6,21
SN-SW50 4x4 2,52 0,14 5,59 5,26
MP-SW50 4x4 2,71 0,02 6,32 6,09

Farkli su fantomlarinda 6 MV ve 10 MV enerjilerinde enine yonde tarama hizi,

adim tipi ve dlgiim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi. Olgiim

sonuglarina gore hesaplatilan temel parametrelerin kabul degerler i¢inde oldugu

goriildil.
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Tablo 4.34. BS-SN ve MP su fantomlarinda enine yonde alinan 6lgiimlerde, 4x4 alan boyutunda, temel
parametrelerin FFF enerjilerinde karsilastirilmasi.

6 FFF Alan Flatness(%) Symmetry(%) Pen.Left(mm) Pen
cm? Right(mm)
BS-C5 4x4 3,68 0,26 6,07 5,17
BS-C10 4x4 3,61 0,05 6,06 5,31
BS-C20 4x4 3,64 0,12 6,08 5,29
SN-C5 4x4 3,84 0,13 5,29 3,20
BS-SW25 4x4 3,96 0,12 6,35 5,82
SN-SW25 4x4 3,68 0,07 5,28 4,08
MP-SW25 4x4 3,80 0,03 6,22 6,30
BS-SW50 4x4 4,00 0,04 6,35 5,88
SN-SW50 4x4 3,73 0,10 5,29 4,11
MP-SW50 4x4 3,74 0,03 6,20 6,30
10 FFF
BS-C5 4x4 5,69 0,02 6,77 6,32
BS-C10 4x4 5,76 0,08 6,76 6,40
BS-C20 4x4 5,81 0,48 6,76 6,39
SN-C5 4x4 5,95 0,07 6,02 5,18
BS-SW25 4x4 6,03 0,21 7,03 6,76
SN-SW25 4x4 5,87 0,14 5,90 571
MP-SW25 4x4 5,80 0,09 6,99 7,03
BS-SW50 4x4 5,95 0,19 7,00 6,74
SN-SW50 4x4 5,87 0,11 5,91 571
MP-SW50 4x4 5,65 0,02 6,92 7,02

Farkli su fantomlarinda 6 FFF ve 10 FFF enerjilerinde enine yonde tarama hizi,

adim tipi ve dlgiim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi. Olgiim

sonuglarina gore hesaplatilan temel parametrelerin kabul degerler i¢inde oldugu

goriildil.
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Tablo 4.35. BS-SN ve MP su fantomlarinda enine yonde alinan 6lgiimlerde, 10x10 alan boyutunda,
temel parametrelerin MV enerjilerinde karsilastiriimasi.

6 MV Alan  Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)

cm?

BS-C5 10x10 2,37 0,71 7,31 7,04
BS-C10 10x10 2,29 0,41 7,31 7,02
BS-C20 10x10 2,15 0,44 7,28 7,04
SN-C5 10x10 2,37 0,57 6,50 6,35

BS-SW25 10x10 2,20 0,46 7,56 7,25
SN-SW25 10x10 2,23 0,53 6,57 6,17
MP-SW25 10x10 2,17 0,47 7,50 7,53
BS-SW50 10x10 2,17 0,37 7,59 7,33
SN-SW50 10x10 2,20 0,49 6,56 6,15
MP-SW50 10x10 2,22 0,54 7,38 7,53

10 MV

BS-C5 10x10 2,07 1,19 7,76 7,45
BS-C10 10x10 2,09 0,98 1,77 7,48
BS-C20 10x10 2,02 1,11 7,74 7,44
SN-C5 10x10 1,97 1,12 7,03 6,85

BS-SW25 10x10 2,08 1,09 8,07 7,63
SN-SW25 10x10 1,98 0,98 7,10 6,89
MP-SW25 10x10 2,10 1,22 7,85 7,98
BS-SW50 10x10 2,04 1,15 8,06 7,70
SN-SW50 10x10 1,99 1,00 7,10 6,89
MP-SW50 10x10 2,11 0,89 7,84 8,02

Farkl1 su fantomlarinda 6 MV ve 10 MV enerjilerinde enine yonde tarama hizi,

admm tipi ve dl¢iim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi. Olgiim

sonuglarina gore hesaplatilan temel parametrelerin kabul degerler i¢inde oldugu

gorildii.
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Tablo 4.36. BS-SN ve MP su fantomlarinda enine yonde alman ol¢timlerde, 10x10 alan boyutunda,
temel parametrelerin FFF enerjilerinde karsilagtirilmast.

6 FFF Alan cm? Flatness(%o) Symmetry(%o) Pen.Left(mm) Pen Right(mm)
BS-C5 10x10 5,09 0,02 8,21 8,18
BS-C10 10x10 517 0,06 8,20 8,14
BS-C20 10x10 5,16 0,12 8,18 8,11
SN-C5 10x10 5,17 0,18 7,34 7,26
BS-SW25 10x10 5,10 0,08 8,48 8,28
SN-SW25 10x10 5,16 0,11 7,40 7,40
MP-SW25 10x10 5,02 0,21 8,44 8,44
BS-SW50 10x10 5,15 0,10 8,48 8,44
SN-SW50 10x10 5,18 0,06 7,40 7,41
MP-SW50 10x10 5,08 0,01 8,50 8,52
10 FFF
BS-C5 10x10 8,43 0,34 7,34 7,22
BS-C10 10x10 8,46 0,07 7,36 7,22
BS-C20 10x10 8,53 0,11 7,34 7,20
SN-C5 10x10 8,57 0,15 6,64 6,54
BS-SW25 10x10 8,39 0,11 7,65 7,06
SN-SW25 10x10 8,50 0,04 6,55 6,42
MP-SW25 10x10 8,38 0,07 7,51 7,70
BS-SW50 10x10 8,42 0,09 7,61 7,46
SN-SW50 10x10 8,51 0,09 6,55 6,42
MP-SW50 10x10 8,30 0,07 7,45 7,06

Farkli su fantomlarinda 6 FFF ve 10 FFF enerjilerinde enine yonde tarama hizi,

adim tipi ve dlgiim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi. Olgiim

sonuglarina gore hesaplatilan temel parametrelerin kabul degerler i¢inde oldugu

goriildil.
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Tablo 4.37. BS-SN ve MP su fantomlarinda enine yonde alinan 6l¢iimlerde, 30x30 alan boyutunda,
temel parametrelerin MV enerjilerinde karsilastiriimasi.

6 MV Alan  Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
cm?
BS-C5 30x30 2,04 1,60 9,31 9,15
BS-C10 30x30 2,12 1,71 9,30 9,15
BS-C20 30x30 2,17 1,72 9,31 9,12
SN-C5 30x30 1,95 1,39 8,37 8,40
BS-SW25 30x30 2,23 1,88 9,59 9,56
SN-SW25 30x30 1,93 1,41 8,37 8,38
MP-SW25 30x30 1,95 1,47 9,48 9,49
BS-SW50 30x30 2,03 1,68 9,59 9,54
SN-SW50 30x30 1,92 1,37 8,35 8,39
MP-SW50 30x30 1,88 1,49 9,50 9,52
10 MV
BS-C5 30x30 1,83 2,17 9,19 9,01
BS-C10 30x30 1,90 2,05 9,19 9,03
BS-C20 30x30 1,91 2,09 9,16 9,03
SN-C5 30x30 1,73 1,70 8,41 8,17
BS-SW25 30x30 1,92 2,26 9,49 9,23
SN-SW25 30x30 1,66 1,68 8,28 8,46
MP-SW25 30x30 1,69 1,79 9,37 9,43
BS-SW50 30x30 1,77 2,09 9,49 9,23
SN-SW50 30x30 1,68 1,63 8,30 8,45
MP-SW50 30x30 1,67 1,83 9,37 9,45

Farkli su fantomlarinda 6 MV ve 10 MV enerjilerinde enine yonde tarama hizi,

adim tipi ve dlgiim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi. Olgiim

sonuclarina gore hesaplatilan temel parametrelerin kabul degerler i¢cinde oldugu

goriildil.
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Tablo 4.38. BS-SN ve MP su fantomlarinda enine yonde alinan 6l¢iimlerde, 30x30 alan boyutunda,
temel parametrelerin FFF enerjilerinde karsilagtirilmast.

6 FFF Alan  Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
cm?
BS-C5 30x30 16,64 0,05 9,38 9,21
BS-C10 30x30 16,71 0,14 9,35 9,17
BS-C20 30x30 16,63 0,01 9,34 9,19
SN-C5 30x30 16,87 0,10 8,43 8,34
BS-SW25 30x30 16,67 0,07 9,63 9,57
SN-SW25 30x30 16,88 0,08 8,39 8,14
MP-SW25 30x30 16,36 0,03 9,56 9,70
BS-SW50 30x30 16,66 0,11 9,64 8,54
SN-SW50 30x30 16,88 0,07 8,43 8,15
MP-SW50 30x30 16,42 0,10 9,58 9,62
10 FFF
BS-C5 30x30 26,86 0,20 8,97 8,76
BS-C10 30x30 26,75 0,12 8,95 8,71
BS-C20 30x30 26,75 0,15 8,95 8,73
SN-C5 30x30 27,08 0,24 8,17 7,92
BS-SW25 30x30 26,76 0,13 9,20 9,02
SN-SW25 30x30 27,01 0,12 8,36 8,16
MP-SW25 30x30 26,54 0,04 9,08 9,10
BS-SW50 30x30 26,76 0,07 9,21 9,05
SN-SW50 30x30 26,99 0,16 8,36 8,17
MP-SW50 30x30 26,55 0,09 9,01 8,89

Farkli su fantomlarinda 6 FFF ve 10 FFF enerjilerinde enine yonde tarama hizi,

adm tipi ve dl¢iim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi. Olgiim

sonuclarina gore hesaplatilan temel parametrelerin kabul degerler i¢cinde oldugu

gorildii.
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Tablo 4.39. BS-SN ve MP su fantomlarinda boyuna yonde alinan 6l¢iimlerde, 4x4 alan boyutunda,
temel parametrelerin MV enerjilerinde karsilastiriimasi.

6 MV Alan  Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
cm?

BS-C5 4x4 3.40 0.25 6.01 5.67

BS-C10 4x4 3.58 0.37 6.08 5.72

BS-C20 4x4 3.37 0.05 6.09 5.67

SN-C5 4x4 3.17 0.06 5.91 5.99
BS-SW25 4x4 3.67 0.22 6.39 6.19
SN-SW25 4x4 2.98 0.09 6.00 6.14
MP-SW25 4x4 3.40 0.05 6.33 6.34
BS-SW50 4x4 3.62 0.16 6.37 6.16
SN-SW50 4x4 2.95 0.06 6.01 6.14
MP-SW50 4x4 3.32 0.01 6.33 6.33

10 MV

BS-C5 4x4 4.79 0.14 6.79 6.30

BS-C10 4x4 4.71 0.26 6.73 6.32

BS-C20 4x4 4,75 0.02 6.76 6.32

SN-C5 4x4 4.64 0.38 6.52 6.66
BS-SW25 4x4 5.07 0.12 7.05 6.71
SN-SW25 4x4 4.50 0.16 6.59 6.79
MP-SW25 4x4 4,77 0.43 6.88 7.01
BS-SW50 4x4 4.94 0.26 7.01 6.70
SN-SW50 4x4 4.52 0.15 6.59 6.79
MP-SW50 4x4 4.75 0.25 6.91 7.01

Farkli su fantomlarinda 6 MV ve 10 MV enerjilerinde boyuna yonde tarama

hizi, adim tipi ve Olglim toplama siiresine gore, siirekli ve adimli dlgtimler yapildi.

Olgiim sonuglarma gore hesaplatilan temel parametrelerin kabul degerler iginde

oldugu goriildii.
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Tablo 4.40. BS-SN ve MP su fantomlarinda boyuna yonde alinan 6l¢iimlerde, 4x4 alan boyutunda,
temel parametrelerin FFF enerjilerinde karsilastiriimast.

6 FFF Alan Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
cm?
BS-C5 4x4 3.88 0.02 5.95 5.96
BS-C10 4x4 3.84 0.10 5.94 5.97
BS-C20 4x4 3.94 0.09 5.96 5.96
SN-C5 4x4 4.04 0.11 5.76 5.39
BS-SW25 4x4 4.322 0.05 6.19 6.19
SN-SW25 4x4 3.96 0.02 5.70 5.82
MP- 4x4 4.84 0.07 6.06 5.88
SW25
BS-SW50 4x4 4.27 0.03 6.17 6.20
SN-SW50 4x4 3.96 0.08 5.71 5.82
MP- 4x4 4.76 0.02 6.09 5.92
SW50
10 FFF
BS-C5 4x4 5.56 0.11 6.53 6.61
BS-C10 4x4 5.57 0.16 6.54 6.61
BS-C20 4x4 5.46 0.07 6.53 6.58
SN-C5 4x4 5.57 0.10 6.47 6.40
BS-SW25 4x4 5.69 0.03 6.83 6.85
SN-SW25 4x4 5.54 0.09 6.52 6.60
MP- 4x4 6.38 0.18 6.86 6.74
SW25
BS-SW50 4x4 5.69 0.17 6.84 6.87
SN-SW50 4x4 5.54 0.10 6.53 6.59
MP- 4x4 6.38 0.08 6.84 6.76
SW50

Farkli su fantomlarinda 6 FFF ve 10 FFF enerjilerinde boyuna yonde tarama
hizi, adim tipi ve Ol¢iim toplama siiresine gore, siirekli ve adimli dlgtimler yapildi.
Olgiim sonuglarma gore hesaplatilan temel parametrelerin kabul degerler iginde

oldugu goriildii.
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Tablo 4.41. BS-SN ve MP su fantomlarinda boyuna yonde alian 6lgiimlerde, 10x10 alan boyutunda,
temel parametrelerin MV enerjilerinde karsilastiriimasi.

6 MV Alancm?  Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
BS-C5 10x10 2.13 0.12 7.31 7.18
BS-C10 10x10 217 0.46 7.32 7.16
BS-C20 10x10 2.16 0.52 7.31 7.16
SN-C5 10x10 2.19 0.50 6.95 7.15
BS- 10x10 2.30 0.61 7.57 7.48
SW25
SN- 10x10 2.13 0.32 7.04 7.20
SW25
MP- 10x10 2.18 0.46 7.35 7.51
SW25
BS- 10x10 221 0.48 7.60 747
SW50
SN- 10x10 211 0.32 7.04 7.19
SW50
MP- 10x10 2.35 0.51 7.39 7.55
SW50
10 MV
BS-C5 10x10 1.88 0.90 7.74 7.60
BS-C10 10x10 1.84 0.78 7.76 7.58
BS-C20 10x10 2.03 1.06 7.73 7.60
SN-C5 10x10 1.85 0.82 7.39 7.56
BS- 10x10 1.89 0.77 7.98 7.87
SW25
SN- 10x10 191 0.80 7.39 7.46
SW25
MP- 10x10 1.79 0.60 7.80 8.00
SW25
BS- 10x10 1.90 0.89 7.96 7.87
SW50
SN- 10x10 1.86 0.80 7.38 7.57
SW50
MP- 10x10 1.98 0.85 7.78 7.98
SW50
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Farkli su fantomlarinda 6 MV ve 10 MV enerjilerinde boyuna yonde tarama

hizi, adim tipi ve 6l¢giim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi.

Olgiim sonuglarma gore hesaplatilan temel parametrelerin kabul degerler iginde

oldugu goriildii.

Tablo 4.42. BS-SN ve MP su fantomlarinda boyuna yonde alian 6l¢iimlerde, 10x10 alan boyutunda,
temel parametrelerin FFF enerjilerinde karsilastirilmasi.

6 FFF Alan Flatness(%0) Symmetry(%) Pen.Left(mm) Pen
cm? Right(mm)
BS-C5 10x10 5.20 0.90 8.08 8.09
BS-C10 10x10 5.24 0.78 8.12 8.15
BS-C20 10x10 5.13 1.06 8.11 8.12
SN-C5 10x10 5.24 0.82 7.93 7.98
BS-SW25 10x10 5.16 0.77 8.40 8.48
SN-SW25 10x10 5.13 0.80 7.90 7.81
MP-SW25 10x10 5.21 0.60 8.37 8.33
BS-SW50 10x10 5.12 0.89 8.40 8.44
SN-SW50 10x10 5.18 0.80 7.89 7.82
MP-SW50 10x10 5.23 0.85 8.35 8.34
10 FFF
BS-C5 10x10 8.44 0.15 7.05 7.21
BS-C10 10x10 8.51 0.14 7.01 7.19
BS-C20 10x10 8.49 0.18 7.03 7.20
SN-C5 10x10 8.48 0.13 6.99 6.91
BS-SW25 10x10 8.55 0.10 7.31 7.15
SN-SW25 10x10 8.41 0.01 6.99 6.98
MP-SW25 10x10 8.67 0.08 7.37 7.32
BS-SW50 10x10 8.38 0.02 7.30 7.15
SN-SW50 10x10 8.42 0.02 6.97 6.99
MP-SW50 10x10 8.57 0.04 7.38 7.30
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Farkli su fantomlarinda 6 FFF ve 10 FFF enerjilerinde boyuna yonde tarama

hizi, adim tipi ve 6l¢giim toplama siiresine gore, siirekli ve adimli dlgiimler yapildi.

Olgiim sonuglarma gore hesaplatilan temel parametrelerin kabul degerler iginde

oldugu goriildii.

Tablo 4.43. BS-SN ve MP su fantomlarinda boyuna yonde alinan 6l¢iimlerde, 30x30 alan boyutunda,
temel parametrelerin MV enerjilerinde karsilagtirilmast.

6 MV Alan Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
cm?
BS-C5 30x30 1.79 1.08 9.55 9.55
BS-C10 30x30 1.82 0.92 9.59 9.54
BS-C20 30x30 1.76 0.96 9.56 9.53
SN-C5 30x30 1.46 0.88 9.21 9.35
BS-SW25 30x30 1.71 0.91 9.91 9.80
SN-SW25 30x30 151 0.89 9.23 9.41
MP- 30x30 1.71 1.18 9.85 9.73
SW25
BS-SW50 30x30 177 1.02 9.91 9.78
SN-SW50 30x30 1.52 0.94 9.23 9.40
MP- 30x30 1.72 1.17 9.81 9.82
SW50
10 MV
BS-C5 30x30 1.58 1.40 9.30 9.28
BS-C10 30x30 1.65 131 9.27 9.29
BS-C20 30x30 1.61 1.42 9.27 9.30
SN-C5 30x30 1.58 131 9.06 9.20
BS-SW25 30x30 1.61 1.38 9.64 9.53
SN-SW25 30x30 1.54 1.28 9.10 9.23
MP- 30x30 1.52 1.50 9.58 9.60
SW25
BS-SW50 30x30 1.52 1.36 9.64 9.55
SN-SW50 30x30 1.56 1.27 9.10 9.21
MP- 30x30 1.49 1.46 9.58 9.61
SW50
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Farkli su fantomlarinda 6 MV ve 10 MV enerjilerinde boyuna yonde tarama

hizi, adim tipi ve 6lgiim toplama siiresine gore, slirekli ve adimli dlgiimler yapildi.

Olgiim sonuglarma gore hesaplatilan temel parametrelerin kabul degerler iginde

oldugu goriildii.

Tablo 4.44. BS-SN ve MP su fantomlarinda boyuna yonde alinan 6l¢iimlerde, 30x30 alan boyutunda,
temel parametrelerin FFF enerjilerinde karsilastiriimast.

6 FFF Alan Flatness(%) Symmetry(%) Pen.Left(mm) Pen Right(mm)
cm?
BS-C5 30x30 16.23 0.02 9.40 9.32
BS-C10 30x30 16.33 0.05 9.42 9.36
BS-C20 30x30 16.29 0.08 9.41 9.36
SN-C5 30x30 16.61 0.03 9.13 9.16
BS-SW25 30x30 16.25 0.06 9.82 9.69
SN-SW25 30x30 16.71 0.02 9.15 9.15
MP- 30x30 16.49 0.00 9.66 9.84
SW25
BS-SW50 30x30 16.24 0.01 9.79 9.70
SN-SW50 30x30 16.68 0.05 9.15 9.12
MP- 30x30 16.40 0.02 9.56 9.79
SW50
10 FFF
BS-C5 30x30 26.45 0.08 8.82 8.91
BS-C10 30x30 26.40 0.10 8.80 8.93
BS-C20 30x30 26.49 0.07 8.79 8.93
SN-C5 30x30 26.65 0.13 8.64 8.67
BS-SW25 30x30 26.48 0.14 9.15 8.97
SN-SW25 30x30 26.65 0.19 8.74 8.58
MP- 30x30 26.72 0.26 9.01 9.15
SW25
BS-SW50 30x30 26.43 0.02 9.12 9.22
SN-SW50 30x30 26.68 0.13 8.74 8.57
MP- 30x30 26.73 0.13 8.99 9.17
SW50
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Farkli su fantomlarinda 6 FFF ve 10 FFF enerjilerinde boyuna yonde tarama
hiz1, adim tipi ve Ol¢iim toplama siiresine gore, siirekli ve adimli 6l¢iimler yapildi.
Olgiim sonuglarma gore hesaplatilan temel parametrelerin kabul degerler iginde

oldugu goriildii.

68



5. TARTISMA VE SONUC

5.1. Tartisma

Su fantomlari; cihaz parametrelerinin degerlendirilmesinde ve tedavi planlama
sistemlerinin olusturulmasinda 6nemli yere sahiptir. Bu ¢alismanin amaci, farkli su
fantomlar1  kullanarak lineer hizlandiricilarin  temel enerji parametrelerini

karsilastirmaktir.

PDD olglimleri tedavi planlama sistemlerinin yapisini olusturan en temel
Ol¢iimlerin basinda gelir. PDD derinlige bagli olarak dozun degisimini ve buna bagl
olarak enerji karakteristigini gosterir. TPS sistemleri derinlige bagli doz hesabi

yaparken PDD degerlerini kullanmaktadir.

Profil 6lgtimleri, 1s1inlanan doku hacmi igindeki dozun, bir ¢izgi boyunca uzaysal
durumunu ya da konumu yansitir. Doz profilleri merkez 151n ekseni iizerinde
normalize edilerek gosterilir ve alan topografisi ile penumbranin tanimlamasi igin

onemlidir.

Calismada PDD okumalar1 incelendiginde, 1 cm derinlikte, yani build up bolgesi
igerisinde okuma farklar1 gézlemlendi. Farkin nedeni bu bélgede elektronik dengenin
olmamasi, kullanilan dedektoriin hacmi, sistemin hareket o6zelligi ve mekanik
yapisiin etkisinin yaratacag: belirsizlikler olarak ifade edilebilir. Iyon odalar1 build
up bolgesinde kusurlu olabilir. Build up bolgesindeki doz 6l¢iimii i¢in film dozimetre

gibi farkli sistemler kullanilabilir.

Akino ve arkadaslari (26) yaptiklari ¢alismada, dort farkli su fantomunda yiizde
derin doz (PDD) ve 1s1n profillerinin arasindaki farkliliklar1 aragtirmislardir. Her bir
su fantomu, 100 cm' lik kaynak-yiizey mesafesi (SSD) ile konumlandirilmistir.
Degiskenligi degerlendirmek icin, bir hizlandiricinin PDD ve merkez disi1 oram
(OCR) olgiilmiistiir. Doz farkini hesaplamak igin, ikincil profillerin ayni derinlikte

veya birincil profile olan mesafedeki degerleri dogrusal interpolasyon kullanilarak
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hesaplanmistir. Degiskenlik degerlendirmesi igin PDD' nin tekrarlanan 6l¢iimleri
baska kurumlarda yapilmistir. 6 MV X 1s1n1 ile bir lineer hizlandiricidaki PDD' ler
birkag kez (ii¢ ila dort) 6l¢iilmiis ve degerlerin standart sapmasi (SD) hesaplanmustir.
Iyon odalarmin kutupsal etkilerini degerlendirmek igin, PDD' ler tarama sistemi
elektrometresinin pozitif ve negatif yanlihg ile dlgiilmiistiir. Calismada 0,13 cm?®,
0,125 cm® ve 0,123 cm® hacimli 3 farkli dedektdr kullamlmistir. Build-up
bolgesindeki farklarin ortalamalari; PTW igin £ SD % 0,69 +% 0,70 (% -0,11 - % +
2,40), Sun Nuclear i¢in % -1,27 + % 1,46 (% -5,99 - % + 0,10) ve Standart Imaging
igin ise % 2,60 -% 3,55 (% -0.04 - +% 14.6) sonuglar1 bulunmustur. Buna karsilik,
dmaks 6tesindeki derinliklerde (1,5 cm) daha kiigiik farkliliklar gézlendi. Farkliliklar
% 0.16 £% 0.11 (dagilim % -0.18 -% + 0.46),% -0.13 +% 0.12 (% -0.68 -% + 0.29)
ve% 0.08 £% 0.12 (% -0.22 - + 0.37) %) sirastyla PTW, Sun Nuclear ve Standard
Imaging sistemleri i¢in ¢esitli tarama sistemleriyle ol¢iilen 1.5, 5.0, 10.0 ve 20.0 cm
derinlikte OCR' yi gostermektedir. Bizim ¢alismamizda Build-up bolgesindeki
farklar; Beamscan igin (% -0,15 - % + 2,13), Sun Nuclear ig¢in (% -2,24 - % + 0,15)
ve MP3 i¢in ise (% -0.17 - +% 2,16) sonuglar1 bulunmustur. Build-up bolgesinde
sistemler arasinda en biiyilk fark yaklasitk %4 olarak goriilmistiir. Build-up
bolgesinde enerji farketmeksizin alan biiyiidiikge sistemler arasindaki farklarin
azaldig1 gozlendi. Buna karsilik, dmaks &tesindeki derinliklerde (1,5 cm) farkli
sistemlerin uyumlu oldugu gozlendi. Bu bolgede sistemler arasi yapilan

karsilastirmalarda farklar, yaklasik %1 ve daha az olarak gozlendi.

Al Kafi ve arkadaslar1 (27), bir robotik stereotaktik radyocerrahi sisteminin
Olclimlerini yapmak i¢in Sun Nuclear su fantomunun siirekli ve adimli tarama tipini
karsilastirmislardir.  Su  fantomunun, iki tarama tipini tutarlilik agisindan
karsilastirmak amaciyla adimli ve siirekli tarama tiplerinde profil 6l¢timleri alinmstir.
Diizlem i¢i, capraz diizlem, 15 derece ve 105 derecelik profil olgiimleri hem
sabitlenmis koniler hem de Iris kolimatérleri i¢in dmaks ve 10 cm derinlikte yapilmistir,
Sabit koniler i¢in, adimli tarama tipi verilerinin merkezlenmesinden sonra, simetri ve
diizliikteki degisiklikler sirasiyla 5 mm alan boyutu i¢in % 0.16 ve 5 mm alan boyutu
icin % 0.58 maksimum farklara kadar gozlendi. iris kolimatdrlerinde simetri ve

diizliikteki degisiklikler 35 mm alan biiyikligii i¢in maksimum % 0.50, 5 mm alan
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biiyiikliigii icin % 0,60 a kadar gézlenmistir. Bu nedenle, adimli tarama tipi verilerinin
kargilastirma i¢in merkezlenmesi gerektigini belirtmislerdir. Siirekli taramalardaki
son islem, profil seklini degistirmedigi siirece, diizliik ve simetri degisiklikleri, stirekli
ve adiml1 tarama tipleri arasinda % 0,50 diizeyindedir. Benzer sekilde, alan boyutu ve
penumbra Slgiimleri ayni kosullar altinda, diizeltme islemi uygulanmus siirekli tarama
tipi profilleri ile sadece adimli tarama profilleri arasinda tutarlilik goriilmiistiir. Fark
her zaman 0,10 mm veya daha azdir. CyberKnife alan biiyiikliigii, penumbra, diizlik
ve simetri analizi i¢in, adimli tarama tipinden 6 kata kadar daha hizli olabilen siirekli
tarama ol¢limlerinin karsilastirilabilir oldugu ve adimli tarama tipiyle neredeyse ayni
taramalar {irettigini gozlemlemislerdir. Merkez diizeltmesi yapilmis adimli tarama
verisi ile karsilastirildiginda, tamamen islenmis bir siirekli tarama verisi incelenen tiim
koni ve Iris kolimatdrleri icin sirasiyla % 0.50 ve % 0.60 simetri ve diizliik farki elde
edilmistir. Caligmada siirekli 6l¢timlerin, adimli 6lgtimler kadar iyi sonug verdigi
goriilmektedir. Siirekli Olglimlerin su fantomu Olglimlerinde zaman tasarrufu
saglamak adina kullanilabilecegi 6nerilmistir. Bizim ¢alismamizda kullanilan lineer
hizlandirict bu ¢alismaya gore farklidir. Bu ¢alismaya benzer olarak Sun Nuclear su
fantomunda adimli 6lgtimlerde, 4x4 ve ve 30x30 alan boyutunda elde edilen farklar
sirastyla % 0,82 ve % 0,20 dir. Farkin azalmasi alan boyutunun degismesi ve
kullanilan 1yon odasi ile iligkilendirilebilir. Siirekli ve adimli 6l¢timlerde elde edilen

Vveriler arasinda tutarlilik gézlemlendi.

Saenz ve arkadaslar1 (28), dort ayr1 su tarama sistemi arasinda dozimetrik
farkliliklar1 karsilastirmislardir. Caligmalarinda PTW MP3-M, Standart Goriintiileme
(DoseView 3D), IBA mavi fantom ve Sun Nuclear 3D Tarayici dahil olmak tizere dort
su fantomu ile calisildi. Dozimetrik 6lgiimler ayrica sadece yiizde derin doz (PDD)
egrileri ve su fantomu arasindaki profilleri karsilastirmak i¢in degil, ayn1 zamanda her
su fantomu igin yonliiliik, tarama hiz1 ve tekrarlanabilirlik gibi bagimliliklari ayri ayri
degerlendirmek i¢in de yapilmistir. Varian Clinac 2300 lineer hizlandiricisinda, 0.125
cc' lik hassas hacimli bir PTW Semiflex 31010 iyon odasi kullanildi. Farkli lineer
hizlandiricilarin kullanilmasi nedeniyle, 3D Tarayicidan gelen veriler, su fantomu
aras1 dozimetrik karsilastirmalardan cikarildi. 3D Tarayici i¢in su tankina o6zgii

ozellikler tek basina calisildi. Taranan veri, bir 6 MeV elektron 151n1 ile 6 MV foton
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1s1n1 ile elde edildi. PDD' ler, 10 x 10 alan boyutunda 100 cm SSD (6 MeV i¢in 10 x
10 alan boyutu) ile bir alan boyutuyla elde edildi. Profiller i¢in, 1smn profilinin
genisligini daha iyi anlamak i¢in alan biiyiikliigii 20 x 20 cm?' ye yiikseltildi ve tarama
derinligi 10 cm' ye ayarlandi. Referans detektorii i¢in ayni1 iyon odalari kullanildi.
PTW MP3-M tanki igin iiretilmis olan sabitleme malzemeleri ile etkili 6lgiim noktasi
otomatik olarak goz oniine alindi, ancak diger su fantomlar: i¢in 0.6r kayma ile
ayarlandi. Olgiim sirasinda her sistemin yerlesik elektrometresi ve veri analizi igin her
sistemin kendi yazilimi kullanilmistir. PDD okumalari, siirekli taranan (BluePhantom
ve 3D Scanner) veya adimli taramalar i¢in 6l¢glim noktalari arasindaki (DoseView 3D
ve MP3-M), dedektdr tutucu tarama hizinin etkisini incelemistir. Dmaks ve Otesinde,
herhangi bir noktada yiiksek ve diisiik hizli tarama arasindaki maksimum PDD farki,
DoseView 3D tanki i¢in % 0,40, MP3-M tanki i¢in % 0,38, Mavi Fantom i¢in % 0,80
ve 3DScanner i¢in % 0,33 bulundu. Dmaks' 1n Gtesinde, yukari ve agagi yonde tarama
arasindaki maksimum fark, DoseView 3D i¢in % 0,40, MP3-M igin % 0,40, Mavi
Fantom i¢in % 0,60 ve 3DScanner i¢in % 0,53 idi. Build-up dahil, tarayicilarin ¢cogu
arasinda DoseView 3D i¢in maksimum % 14.7, MP3-M i¢in % 14.6, Mavi Fantom
icin % 13.7 ve 3D Tarayict i¢in % 6.6 ile farkliliklar bulundu. Bizim ¢alismamizda
Build-up bolgesinde sistemler arasinda en biiyiik fark yaklasik %4 olarak goriildii.
Dmaks Otesindeki bolgede ise farklar Beamscan i¢in % 0,20, MP3 i¢in 0,69, Sun
Nuclear i¢in ise 0,20 olarak bulunmustur. Saenz ve arkadaslar1 ¢alisma sonucunda
hicbir fantomun digerinden daha {istiin sonu¢ vermedigini, tiim fantomlarin
Olcimlerde rahatga kullanilabilecegini belirtmislerdir. Calismamiz, Saenz ve
arkadaslarinin ¢alismasi ile degerlendirildigi zaman benzer sonuglarin elde edildigi

goriilmiistiir.

Sahin ve arkadaslari (29), bilgisayarli tedavi planlama sisteminde (BTPS)
hesaplanan doz degerleri ile farkli hacimli iyon odalari ve lineer 2D-Array
kullanilarak 6lgiilen dozlar karsilastirarak dozimetrik kontrolii saglamay1 hedefleyen
bir ¢alisma yapmislardir. Calismalarinda 3x3, 4x4, 5x5, 6x6,7x7, 8x8, 9x9, 10x10,
12x12 ve 15x15 cm? alanda SSD 100 cm’de PTW Semiflex, PTW Farmer, PTW
PinPoint iyon odalar1 ve PTW Unidos elektrometre kullanilarak yapildi. Farmer,

Semiflex ve PinPoint iyon odalartyla oOlgiimleri alinan alanlar BTPS’de

72



olusturulmustur. 2D-Array ile acik alan, izosentrik, oblik ve wedge filtreli alanlarda
Ol¢iimler alindi. Bu alanlar BTPS’de olusturularak nokta doz okumalar1 yapildi ve
profilleri olusturuldu. Olgiilen ve planlanan izodoz dagilimlari karsilastirildi. PinPoint
iyon odasinin en yiiksek, Farmer iyon odasinin ise en diisiik doz okumasi yaptigi
goriildii. BTPS ile en uyumlu sonuglar Semiflex iyon odasiyla elde edildi. 2D-Array
kullanilarak yapilan okumalarda merkezi eksende BTPS ile uyum goézlenirken, build-
up ve penumbra bolgelerinde %20’lere ¢ikan fark gdzlendi. Iyon odasi dlgiimleri
incelendiginde, BTPS’ye en yakin sonuglar Semiflex iyon odasi ile elde edilmistir.
2D-Array kullanilarak yapilan okumalarda gézlenen uyumsuzlugun nedenleri; build-
up bolgesindeki doz degiskenligi ve 1s1n modellemesinde oOlgiilen profiller ile
algoritma tarafindan olusturulan profillerin penumbra bdlgelerinde tam olarak
cakismamasi olarak diisliniildii. Bizim c¢alismamizda ise tli¢ farkli su fantomu
kullanilarak 4x4, 10x10 ve 30x30 alan boyutlarinda farkli enerjilerde yapilmadan
Olgtimler alindi. 4x4 alan boyutunda penumbra ve umbra bolgesinde sistemler
arasindaki en biiyiik fark % 26 olarak gozlenirken, alan boyutu biiyiidiik¢e farkin
azaldig1, 30x30 alan boyutunda alan kenarindaki farkin % 2’ nin altinda oldugu
gorildii. Farkin sebebinin Sahin ve arkadaslarina ek olarak, farkli iyon odalari
kullanimi, ham veri {izerinde merkezi eksen diizeltmesi ve kaydirma yapilmamasi

olarak diistiniildii

5.2. Sonug¢

Lineer hizlandiricilar, radyoterapi tedavilerinde etkin olarak kullanilan
cihazlardir. Hastalara dogru bir tedavi uygulanabilmesi i¢in, cihazlarmm kurulum
asamasinda ve sonrasindaki, periyodik olarak oOlclimleri yapilan temel 1s1n

parametrelerinin dogru bir sekilde 6l¢iilmesi gerekir.

Profil 6l¢iimlerinde penumbra ve umbra bolgesinde sistemler arasinda farklar
goriildii. Bunun sebebi, su fantomlarinda bulunan hareket mekanizmasinin dogrulugu
ve mekanik kontroller yapilmasina ragmen cihaz kafasinin mekanik dogrulugunun 0,1
derecenin altinda olma ihtimali, farkli iyon odas1 kullanilmas1 ve iyon odalarinin
hacmi olarak diisiintildii. Yapilan rolatif doz okumalarinda, elde edilen ham verilere

merkezi eksen kaydirmasi yapilmamasi da bu farklar ile iliskilendirilebilir. Ayrica
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kiigiik alanlarda umbra bolgesinde yapilan incelemede FFF enerjilerinde goriilen
farklar %1’ in altindadir. FF enerjilerinde okuma farklarinin ¢ikmasi iyon odasinin

tarama yonii ile iliskilendirilebilecegi diisiiniildii.

Enine yonde yapilan dl¢iimlerde tespit edilen farklar, gantry (cihaz kafasi) agisinin
dogrulugu ile iligkilendirilebilir. Boyuna yonde yapilan dl¢timlerde ise bu farklar iyon
odasmin yoni ile iliskilendirilebilir. PDD okumalarinda, her alan ve enerji i¢in
yapilan analiz ve karsilastirmalarda, tiim su fantomu sistemlerinin kendi igerisinde

uyumlu oldugu gozlemlendi.

Tedavi planlamasinda dogru hesaplarin yapilabilmesi, temel 1gin parametrelerin
dogruluguna baglidir. Radyoterapide kullanilan lineer hizlandiricilarin mekanik ve
dozimetrik hata paylari, yiizde ikiyi ge¢gmeyecek sekilde tasarlanmistir. Bu deger
asildig1 takdirde, tedavilerin durdurulmasi, cihazin kabul degerlerin altinda olacak

sekilde yeniden kalibrasyonu yapilmasi gerekebilir.

Farkli 6zelliklere sahip su fantomlar1 kullanarak, farkli alanlarda, farkli enerji
seviyelerinde ve farkli tarama tiplerinde Olgiimler alarak gergeklestirdigimiz
calismamizda su fantomlarinin 6zellikleri bakimindan hepsinin marka ya da model

ayirt etmeksizin gilivenilir sonug verdigini gosterdi.

5.3. Oneriler

Sistemler siirekli ve adimli 6l¢iim tipi yoniinden incelendi. Siirekli dl¢timlerin ve
adimli Olglimlerin sistemin kendi igerisinde tutarli oldugu goriildii. Lineer
hizlandiricilarin yillik kalite kontrollerinden birisi olan su fantomu 6lglimleri igin,
thmal edilebilir farklar goriildii, TPS dl¢timii gibi ¢ok fazla veri toplanmas1 gereken
durumlarda 6l¢iim siiresini en aza indirmek i¢in, siirekli 6l¢iim tipinde 2 mm/s tarama
hiz1 secilebilir. Ek olarak, yillik su fantomu 6l¢iimii gibi cihazin periyodik kalite

kontrol 6l¢iimlerinde 0,5 mm/s tarama hiz1 kullanilabilir.
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