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i Sogurulan Doz

- Kltle birimi basina sogurulan eneriji
+ SI birimi Gray (Gy)

x»1 Gy =1 Joule/ 1 kilogram
x»1rad = 100 erg / 1 gram
x»1 Gy = 100 cGy = 100 rad

+» Medikal alanda deneysel calismalarda insan vicudunun
buylk bir kismi su oldugundan sogurucu ortam olarak su
kullanihr.



i Sogurulan Doz

<+ Kerma (Kinetic Energy Released in Material,

sometimes per unit mass)

d E

= K= Birimi J. Kg -1 (Gy)'dir

m

S d. d., kutlesinde fotonlarin etkilesimi ile serbest birakilan

butun yukla parcaciklarin kinetik enerjilerinin toplamidir.



i KERMA

<+ Kerma (Kinetic Energy Released in Material, sometimes per unit
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i Derin doz egrileri

PERCENTAGE DEPTH DOSES
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Dozimetri Protokolleri

PM (American Association of Physics in Medicine, Kuzey Amerika)

= IPEMB (Institution of Physics and Engineering in Medicine and Biology,
Ingiltere)

= DIN (Deutscheo Institut fir Normung, Almanya)

= NCS (Nederlandse Commissie Voor Stralingsdosimetrie, Hollanda ve
Belcika)

= NACP (The Nordic Association of Clinical Physics, Iskandinav Ulkeleri)

= ICRU (International Commission on Radiation Units and Measurements,
Uluslararasi)

= JAEA (International Atomic Energy Agency, Uluslararasi)



TRS, Technical Reports Series.

‘_L IAEA Dozimetri Protokolleri

o TRS-277, Absorbed Dose Determination in Photon and
Electron Beams an International Code of Practice
(1987,1997).

e TRS-374, Calibration of Dosimeters Used in Radiotherapy
(1997).

e TRS-381, The Use of Plane Parallel Ionization Chambers
in High Energy Electron and Photon Beams (1997).

o TRS-398, Absorbed Dose Determination in External
Beam Radiotherapy (2000, 2024).



Hava Kerma Temelli Uluslararasi Protokol

TECHNICAL REPORTS SERIES No. 277

Absorbed Dose Determination
in Photon and Electron Beams

An International Code of Practice

%:@; INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1987



‘_L Olciim Zinciri

> Olcuim zincirinde ilk adim kalibrasyon faktorleridir.
® Isinlama
® Hava Kerma
® Sogurulan Doz
® PSDL (Primary Standart Dosimetry Laboratory)

® SSDL (Secondary Standart Dosimetry Laboratory)



Ikincil Standart (Sekonder)
i Dozimetri Laboratuvarlari

Turkiye'deki Ikincil Standart (Sekonder) Dozimetri

Laboratuvarlari;

+ Cekmece Nikleer Arastirma ve Egitim Merkezi,
CNAEM (Istanbul)

» Saraykdy Nukleer Arastirma ve Egitim Merkezi

SANAEM (Ankara)



‘L Sodurulan Doz Olclim Sistemi

% Elektrometre ve Iyon Odalari
« Fantomlar (su, kati su, polystyrene, acrylics)

+ Referans ortam, su



Sodurulan Doz Olclim Sistemi

FARMER DOSEMETER 2670/1
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Farmer Marka 2570/1B Wellhdfer Marka Dose 1
Model Elektrometre Model Elektrometre



Sogurulan Doz Olciim Sistemi

Silindirik iyon odasi Paralel Diizlem Iyon odasi

Farmer Tipi 0.6 cc NE Wellhofer PPC 40



Sogurulan Doz Olciim Sistemi

Silindirik iyon odasi (Buildup cap’li) Silindirik iyon odasi (Buildup cap’siz)

Farmer Tipi 0.6 cc NE Farmer Tipi 0.6 cc NE



Sodurulan Doz Olclim Sistemi

Su Fantomu Katl su Fantomu



‘L Iyon Odalarinin Tasarimlar

< Silindirik geometri tasarimli iyon odalari ile yapilan

dlciimlerde yone bagimlilik yoktur.

< Paralel duzlem tasarimli iyon odalari ile gelen isinlar bir
pencereden gectikten sonra hassas hacme ulasirlar, bu
nedenle pencere Olculecek radyasyon tarafina

yonlendirilmelidir.



Silindirik iyon odalari :

‘L Iyon Odalari

% Ic caplari 7 mm’den kiclk, ic uzunluklari 25 mm’den kisadir.
% Iyon odasinin yapisi olabildigince homojen olmalidir.

2 Iyon odasinin duvar materyali ve buildup cap materyalinin
ayni olmasi gerekmez. Ancak her ikisinin bilesimi de
bilinmelidir.

< Dis basin¢ kosullari ile cabuk dengeye gelecek sekilde dizayn
edilmistir.

» Iyon odalarinin karakteristikleri Tablo-II'de verilmistir.



Paralel Diuzlem iyon odalari :

‘_L Iyon Odalari

L/
0’0

Paralel dizlem iyon odalarinda plakalar arasindaki mesafe
2 mm’den ve toplayici elektrotlarin yaricapi 20 mm’den az
olmamalidir.

J
0’0

Pencerenin onl ince olmalidir, 1 mm’den kiclk olmasi
tercih edilir.

/
0’0

Kaviteyi cevreleyen materyal su esdegeri olmalidir. Yani
kitle carpisma durdurma gucu ve lineer sacilma glicu su
gibi olmalidir.



Fantomlar

» Sogurulan doz 6lciimlerinde, foton ve elektron demetlerinin
her ikisi icin de fantom olarak su oOnerilir.

> Iletken olmayan plastik fantomlarin kullanimi biiyik dikkat
gerektirir. Bu fantomlarda, bircok arastirmaci tarafindan
Ozellikle elektron demetlerinin olcumlerinde yuk birikmesi
olustugu gosterilmistir. Bu yuk birikmesi iyon odasi
civarinda elektrik alani olusturur, bu da elektron akimini
kaviteye dogru yodnelterek bir sinyal artisina neden olur. Bu
nedenle sogurulan doz ol¢iminde elektronlar icin daima su
ya da iletken plastik fantomlar kullaniimalidir.



* Fantom Boyutlari

> Olciim derinliginde dort kenardan en genis

alan icin 5’'er cm pay olmalidir. 5 cm pay,

Olctim yapilan maksimum derinligin 6tesinde

de olmalidir.
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‘L TRS-398

» Npy formalizm temeline dayanir.
> Q, kalibrasyon kalitesinde

“Dyo =My N

W,Q, D,W.,Q,

» Diger Q kullanicl kalitesinde (fotonlar,elektronlar, agir
parcaciklar)

Do =MN, ok

D.W,Q, " "Q.Q,

T k : Demet kalite faktortdur.



TRS-398
‘L Demet Kalite Spesifikasyonu

s Foton demetleri :

» Sabit SCD’de iki farkli derinlikteki dozlarin orani
TPR,q 1o (€lektron kontaminasyonundan
bagimsiz) (°°Co TPR degil)



‘L Demet Kalite Spesifikasyonu

» Demet Kalitesi (TPR,q 1o'nun belirlenmesi):

M
M

20 20

D
= TPRzo,lo — D

N/
"~/

10 10

% SCD = sabit = 100 cm

% d,= 20 g/ cm?

% d, =10g/cm?

& Alan = 10 cm x 10 cm (SCD = 100 cm’de)



Beam Quality: determination of TPRy 4,

¢

-

SCD = constant
=100 ¢m
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‘L Demet Kalite Spesifikasyonu

s Demet Kalitesi :

- PDD

D M
20, 10
D. M
& TPRZO,].O — 1.2661 PDDZO,lO = 0.0595

20 20

N/
"~/

10

%, SCD = sabit = 100 cm

% d,=20g/cm?

w d; =109/ cm?

% Alan = 10 cm x 10 cm (SCD = 100 cm’de)



Beam Quality: determination of TPRy ,,

SSD = constant ;" i "\\ :>M10
=100 em ! : \
=1/
PDD, =20«
Dy My
e )
TPRys,
[ PDLDWLO'(EQ_%
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‘L Iyon odasinin referans noktasi

* Silindirik : Iyon odasinin merkezi

* Paralel duzlem : Hava kavitesinin onu



Reference point of measurement

HE photons electrons
4 »>
=5 < P,
: —
— > =
4—-——1-5‘——5 d{go- Ly
electrons | '
e |
= P plane-parallel
= chambers

cylindrical chambers

International Atomic Energy Agency ‘@ ’




i kQ,QO igin tavsiyeler

© Kullanic iyon odasi icin K. _ “in do§rudan élciilebilir

Q.Q
® Q, olarak *°Co ile hesaplanan k, gtinimizde en genel

pratik olandir

©® Genis kapsamli deneysel degerlerden iyon odalarinin genis

bir 6rnegi yalniz standart laboratuvarlar tarafindan bulunan

kQ’Qo degerleri kullanilabilir. Standart laboratuvarlarda

bulunmamissa tavsiye edilmez.
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TABLE II. CHARACTERISTICS OF CERTAIN IONIZATION CHAMBERS USED IN RADIOTHERAPY DOSIMETRY

o WO

(mm) (mm) material gem C material geem C
CAPINTEC 0.07 cm' PR-0SP minichamber 6.0 2.0 C-552 0.210 Polystyrene 0.568
CAPINTEC 0.14 cm’ PR-05 minichamber 12.0 2.0 C-552 0.210 Polystyrene 0.568
CAPINTEC 0.65 cm® PR-06C Farmer type 22.0 3.2 C-552 0.050 C-552 0.924
CAPINTEC 0.65 cm' PR-06C Farmer type 22.0 32 C-552 0.050 Polystyrene 0.539
CAPINTEC 0.65 cm® PR-06C Farmer type 22.0 3.2 C-552 0.050 PMMA 0.547
CAPINTEC 0.60 m’ (from AAPM) 23.8 3.25 Graphite 0.046 PMMA 0.625
EXRADIN 0.5 cm” Al (2 mm cap) 9.7 4.7 C-552 0.182 C-552 0.356
EXRADIN 0.5 cm’ Al (4 mm cap) 9.7 4.7 C-552 0.182 C-552 0.712
EXRADIN 0.5 cm® T2 9.7 4.7 A-150 0.115 A-150 0.450
EXRADIN 0.05 cm’ T1 min Shonka 7.2 2.0 A-150 0.117 A-150 0.450
FZS 0.4 cm’ TKO1 waterproof 12.0 35 Delrin 0.071 Delrin 0.430
FAR WEST TECH 0.1 cm® IC-18 9.5 2.3 A-150 0.183 A-150 0.386
NE 0.20 cm’ 2515 7.0 2.95 Tufnol 0.074 PMMA 0.543
NE 0.20 cm’ 251573 7.0 315 Graphile 0.0655 PMMA 0.543
NE 0.20 cm’ 2577 8.3 3.15 Graphite 0.0655 Delrin 0.5515
NE 0.60 cm” Farmer 2505 '54-'59" 24.0 2.95 Tufnol 0.075 PMMA 0.415
NE 0.60 cm® Farmer 2505 '59-'67° 24.0 2.95 Tufnol 0.075 PMMA 0.545

NE 0.60 cm’ Farmer 2505/A '67-'74" 24.0 2.95 Nylon 66 0.063 PMMA 0.545

— — e e — e e — . e — i . . e — —— ——— ——— ———— ——— — — —— — — — — — — —  — —— — — — — — ———



TABLE II (cont.)

e T

(mm) (mm) material g-cm material g-cm
NE 0.60 cm’ Farmer 2505/3, 3A '71-'79* 24.0 3.15 Graphite 0.065 PMMA 0.551
NE 0.60 cm® Farmer 2505/3, 3B '74-present® 24.0 3.15 Nylon 66 0.041 PMMA 0.551
NE 0.60 cm” Guarded Farmer 2571 24.0 315 Graphite 0.065 Delrin 0.551
NE 0.60 cm” Robust Farmer 2581 24.0 315 A-150 0.040 PMMA 0.584
NE 0.60 cm”’ Robust Farmer 2581

(polystyrene cap) 24.0 315 A-150 0.0407 Polystyrene 0.584

NE 0.325 cm® NPL Sec Std 2561 9.2 37 Graphite 0.090 Delrin 0.600
PTW 0.6 cm’ 23333 (3 mm cap) 21.9 3.05 PMMA 0.059 PMMA 0.356
PTW 0.6 cm’ 23333 (4.6 mm cap) 21.9 3.05 PMMA 0.053 PMMA 0.551
PTW 0.4 cm’ 233331 21.9 2.35 PMMA 0.142 PMMA 0.551
PTW 0.3 cm’ Normal M233332 18.0 2.5 PMMA 0.059 PMMA 0.356
PTW 1 cm’ Transit M233331 22.0 4.0 PMMA 0.059 PMMA 0.356
PTW 0.3 cm® Waterpr M2333641 15.1 2.75 PMMA 0.089 PMMA 0.356
VICTOREEN 0.1 cm” Radocon II 555 43 2.5 Delrin 0.529
VICTOREEN 0.3 ¢cm” Radocon 111 23.0 24 Polystyrene 0.117 PMMA 0.481
VICTOREEN 0.30 cm’ 30-348 18.0 2.5 PMMA 0.06 PMMA 0.36
VICTOREEN 0.60 ¢m' 30-351 23.0 3.05 PMMA 0.06 PMMA 0.36
VICTOREEN 1.00 cm' 30-349 220 4.0 PMMA 0.06 PMMA 0.36
SSI Graphite 17.9 4.0 Graphite 0.084 Graphite 0.384
SSI A-150 17.9 4.0 A-150 0.056 A-150 0.373

* Year of manufacture.
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i ‘TABLB 5 CHARACI'ERISTICS OF PLANBPARALLEL CHAMBBR
TYPES FOR MEGAVOLTAGE PHOTON AND ELECTRON BEAMS

(adapted from Ref. [10])
lonization chamber . Window  Electrode Collecting  Guard
Materials P clectrode  ring
WP O e i 1 el
Exradin A10 Kapton window 386 mg/em® 2mm  S4mm  43mm
Markus type C-552 body 0.05 mm
chamber
Exradin 11* Wall and clectrode in - | mm 2mm  20mm 44 mm
Roos type model P11: polystyrene
chamber polystyrene equiv. (P11)
model A11: C-552 C-552(All)
IBA PPCOS C-552 window and 176 mg/em® 05mm 10mm  35mm
body I mm
Graphited (PEEKY)
clectrode
IBA PPC40 PMMA and graphitc 118 mg/em® 2mm  16mm  4mm
Roos type window 1 mm
chamber Graphited clectrode
IBA NACP Mylar foil and 104 mg/em® 2 mm 10 mm 3 mm
graphite window, 0.6 mm
PMMA body
Graphited electrode
PTW 34001 PMMA and graphite 132 mg/em® 2 mm I6mm  4mm
Roos type window 1.13 mm
chamber Graphited electrode

....................................................................................
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TABLE 4. CHARACTERISTICS OF PLANE-PARALLEL CHAMBER TYPES (adapted from Ref. [21])

NA 30-404

" lonization Window Electrode Collecting  Guard ring Recommended

chamber type* Materials thickness spacing electrode width phantom material
' diameter
NACPO] Graphite window, 90 mg/cm? 2 mm 10 mm 3 mm Polystyrene
(Scanditronix) graphited rexolite electrode, 0.5 mm Graphite
Calcam-1 graphite body (back wall), Water (with water-
(Dosetek) rexolite housing proof housing)
NACP02 Mylar foil and graphite 104 mgiem? 2 mm 10 mm 3 mm Water,
(Scanditronix) window, graphited rexolite 0.6 mm PMMA
Calcam-2 clectrode, graphite body
{Dosclek) (back wall), rexolite housing
Markus chamber  Graphited polyethylene foil 102 mg/em? 2 mm 5.3 mm 0.2 mm Water,
PTW 23343 window, graphited polystyrene 0.9 mm PMMA
NA 30-329 collector, PMMA body, (incl. cap)
NE 2534 PMMA cap
Scdx-Wellhifer Window and body C-552, 176 mg/cm? 0.5 mm 10 mm 3.5 mm Water
PPC 05 graphited (PEEK") electrode I mm

Holt chamber Graphited polystyrene wall and 416 mg/cm? 2 mm 25 mm 5 mm Polystyrene
(Memorial) electrode, polystyrene body 4 mm (phantom infegr.)

..................................................................................................................................................................................



I
TABLE 4. (cont.)

Capintec PS-033 Aluminized mylar foi1l window, 0.5 mg/cm? 2.4 mm 16.2 mm 2.5 mm Polystyrene
carbon impregnated air equivalent, 0.004 mm
plastic electrode, polystyrene body

Exradin 11 Conducting plastic wall and electrodes Pl 1: 2 mm 20 mm 5.1 mm P11: polystyrenc
Model P11: polystyrene equivalent 104 mgicm? waler
Model Al1: C-552, air equivalent 1 mm

Model T11: A-150, ussue equivalent

Roos chamber PMMA, 118 mgfem? 2 mm 16 mm 4 mm Water
PTB FK6 graphited electrodes 1 mm PMMA
PTW 34001
Scdx-Wellhofer

PPC 35
Scdx-Wellhofer

PPC 40
Altix chamber Kapton conductive film window, 4.8 mgfem? 1 mm 12.7 mm 13.5 mm Solid water
RMI 449 graphited polyethylene collector, 0.025 mm (0.7 mm

solid water body reported)

3 Some of the chambers listed in this table fail to meet the minimum requirements described in Section 4.2.1. However, they have been included because of their current
clinical use,
b Polyetheretherketone (C, H O] 1.265 giem’.



i Radyasyon Demet Geometrisi

& Demet hizasl ve konumu;
> Kolimator donme ekseni
o> Geometrik demet ekseni
o2 Radyasyon demet ekseni

o Isik demet ekseni



-~ Source

,— Collimator
NN\

——Radiation Beam

Chamber — Protective Cap

Point of Measurement



Suda sogurulan dozun
belirlenmesi

¢ Polarite Etkisi : Iyon odasinin polarite etkisi, 6zellikle paralel

duzlem iyon odalari icin kontrol edilmelidir ve Tablo I'de
verilen limitler icinde bulunmalidir. Bu etki, dtsuk enerjili
elektronlar icin buyuk olabilir. Pratikte genellikle yalniz bir

polarite kullantlir.

2




Suda sogurulan dozun
belirlenmesi

* Rekombinasyon duzeltme faktoru P.'yi belirlemek icin deneysel bir
yontem tavsiye edilir. “Iki-voltaj” yontemi olarak adlandirilan yontem
basittir. Bu yontem ayni isinlama kosullari igin kullanilan 2 farkh V,
(normal galisma bias voltaji) ve V, voltajlari igin toplanan Q; ve Q,

yuklerinin 6lcimune dayanir.

* V, normal galigma bias voltajinda puls ve puls taramali radyasyon igin;

Dl

* Burada a; sabitleri, Tablo VIII ve IX'dan bulunabilir. Strekli radyasyon

= P =a,+a,

igin P, sekil 13'te verilmigtir.



TABLE VIII. QUADRATIC FIT COEFFICIENTS FOR PULSED RADIATION

AS A FUNCTION OF THE VOLTAGE RATIO V,/V,

These coefficients are used to calculate p, by the two-voltage technique

using p, = ap + a,(Q,/Q2) + a(Q,/Qy)*. (From Weinhous and Meli [74])

Voltage ratio a, a, a,
2.0 2.337 —-3.636 2.299
2.5 1.474 —1.587 1.114
3.0 1.198 -0.8753 0.6773
35 1.080 —-0.5421 0.4627
4.0 1.022 —-0.3632 0.3413
5.0 0.9745 —0.1875 0.2135
6.0 0.9584 -0.1075 0.1495
8.0 0.9502 -0.03732 0.08750

10.0 0.9516 -0.01041 0.05909




TABLE IX. QUADRATIC FIT COEFFICIENTS FOR PULSED SCANNED
RADIATION AS A FUNCTION OF VOLTAGE RATIO V,/V,

These coefficients are used to calculate p, by the two-voltage technique

using p, = ag + a,(Q)/Q) + a;(Q;/Q;)*. (From Weinhous and Meli [74])

Voltage ratio a a a,
2.0 4.711 -8.242 4.533
2.5 2.719 =397 2.261
3.0 2.001 —-2.402 1.404
3.5 1.665 -1.647 0.9841
4.0 1.468 -1.200 0.7340
3.0 1.279 -0.7500 0.4741
6.0 1.177 -0.5081 0.3342
8.0 _ 1.089 -0.2890 0.2020

10.0 1.052 -0.1896 0.1398
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FIG. 13. The correction factor for recombination p, in continuous radiation beams (from
SEFM [9]). The ‘two-voltage’ method is used to determine the ratio of collected charges (or
electrometer readings) Q,/Q, (see text).
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TRS-398

+

= Iyon odalari: Yuksek enerjili foton demetlerinde
referans dozimetri icin yalniz silindirik iyon odalari
tavsiye edilir.

s Fantomlar: Referans fantom sudur. Yatay
demetlerde fantom penceresi 0.2 - 0.5 cm

calinliginda plastik olmalidir. Iyon odasi

nozisyonlanirken pencerenin su esdegeri kalinhgi

hesaba katilmalidir.(twndp ) ; dewwa =1.19 g/cm?
dpolystrene —_ 1.06 g/Cm3




TRS 398
Foton demet kalitesi tayini referans

i@sullarl
antom materyall : su

= Iyon odasi tipi :silindirik veya paralel diizlem

= Olciim derinlikleri : 20 g/cm? ve 10 g/cm?

= Iyon odasinin referans noktasi: silindirik iyon
odasl icin merkezi eksen Uzerinde kavite hacminin
merkezinde ; paralel dizlem icin merkezi eksen
Uzerinde pencerenin i¢ yuzeyinde

= Iyon odasi referans noktasi konumu SCD: 100 cm

m SCD dealan: 10 cm x 10 cm



Beam Quality: determination of TPRy 4,

¢

-

SCD = constant
=100 ¢m

: !
e ———
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‘L Demet Kalite Spesifikasyonu

» Demet Kalitesi (TPR,q 1o'nun belirlenmesi):

M
M

20 20

D
= TPRzo,lo — D

N/
"~/

10 10

%, SCD = sabit = 100 cm

% d,= 209/ cm?

%d, = 10 g / cm?

% Alan = 10 cm x 10 cm (SCD = 100 cm’de)



TRS 398

Yuksek enerjili Foton demetlerinde suda
*oﬁurulan doz tayini referans kosullari
==Pantom materyali :su  Iyon odasi tipi: Silindirik

= Olcim derinligi zref :
TPR 20,10 <0.7 10g/ cm?(veya 5 g/ cm?)
TPR 20,10 20.7 10 g/ cm?

= Iyon odasinin referans noktasi: Merkezi eksen
Uzerinde kavite hacminin merkezinde

= Iyon odasinin referans noktasinin konumu: olcim
derinligi olan zref

= SSD/SCD 100 cm ; Alan boyutu: 10cmX10 cm



‘L Iyon odasinin referans noktasi

* Silindirik : Iyon odasinin merkezi

* Paralel duzlem : Hava kavitesinin onu



Reference point of measurement

HE photons electrons
4 »>
=5 < P,
: —
— > =
4—-——1-5‘——5 d{go- Ly
electrons | '
e |
= P plane-parallel
= chambers

cylindrical chambers

International Atomic Energy Agency ‘@ ’




i kQ,QO igin tavsiyeler

© Kullanic iyon odasi icin K. _ “in do§rudan élciilebilir

Q.Q
® Q, olarak *°Co ile hesaplanan k, gtinimizde en genel

pratik olandir

©® Genis kapsamli deneysel degerlerden iyon odalarinin genis

bir 6rnegi yalniz standart laboratuvarlar tarafindan bulunan

kQ’Qo degerleri kullanilabilir. Standart laboratuvarlarda

bulunmamissa tavsiye edilmez.



TRS-398

ND,W,Qo
Referans kalite Qo Co-60 ise,

kQ,QO — I(Q
N D,w,Qo — N D,w
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i TRS 398

= Elektrometre :PTW , UNIDOS E

= Iyon odasl : PTW , TM30013

Suda sogurulan doz kalibrasyon faktori
Now= 1,003 mGy/mGy

Now =53,539 mGy/nC



TABLE 14. CALCULATED VALUES OF fr FOR HIGH ENERGY PHOTON BEAMS FOR VARIOUS CYLINDRICAL
[ONIZATION CHAMBERS AS A FUNCTION OF BEAM QUALITY TPR,, ,, (adapted from Andreo [20])

™

Beam quality TPR,
= lonization chamber type® -

050 0353 056 059 062 065 068 0.70 0.72 0.74 076 078 080 082 084

Capintec PR-05P mini 1.004 1.003 1.002 1.001 1.000 0998 0996 0994 0991 0987 0983 0975 0968 0960 0.949

Capintec PR-05 mni 1.004 1.003 1.002 1.001 1000 0998 0996 0994 0991 0987 0983 0975 0968 0.960 0949

Capintec PR-06C/G 1.001 1001 1.000 0998 0998 0995 0992 0990 0988 0984 0980 0972 0965 0956 0944
Farmer

Exradin A2 Spokas 1.001 1.001 1.001 1.000 0999 0997 099 0994 0992 0989 0986 0979 0971 0962 0949

Exradin T2 Spokas 1002 1001 0999 0996 0993 0988 0984 0980 0977 0973 0969 0962 0954 0946 0934

Exradin A1 mini Shonka 1.002 1.002 1001 1000 1.000 0998 099 0994 0991 098 0982 0974 0966 0957 0.945
Exradin T1 mini Shonka 1,003  1.001 0999 0996 0993 0988 09%4 0980 0975 0970 0965 0957 05949 0942 0930

Exradin A12 Farmer 1.001  1.001 1.000 1.000 0999 0997 0994 0992 0990 0986 0981 0974 0966 0957 0944
Far West Tech. 1C-18 1.005 1,003 1.000 0997 0993 0988 0583 0979 0976 0971 0966 0959 0953 0.945 0934
FZH TK 01 1.002 1.0001 1.000 0998 0996 0993 0990 0987 0984 0980 0975 0968 0960 0952 0939

Nuclear Assoc. 30-750 1.001 1.001 1.000 0999 0998 0996 0994 0991 0988 0984 0979 0971 0963 0954 094]

Nuclear Assoc. 30-749 1.001  1.000 1.000 0999 0998 0996 0994 0992 0989 0984 0980 0972 0964 0956 0942

Nuclear Assoc. 30-744 1.001 1000 1000 0999 0998 0996 0994 0992 0989 0984 0980 0972 0964 0956 0.942

Nuclear Assoc. 30-716 1.001 1000 1,000 099 0998 0996 0994 0992 0989 0984 0980 0972 0964 0956 0942

Nuclear Assoc. 30-753 1.001 1.000 1.000 0999 0998 0996 0994 0992 0989 0985 0980 0973 0965 0956 0943
Farmer shortened

Nuclear Assoc. 30-751 1,002 1.002 1.000 0999 0997 0994 0.99] (.989 0985 0.98] 0977 0969 0961 0953 0940
Farmer

Nuclear Assoc. 30-752 1.004 1.003 1.001 1,000 0998 0996 0993 0.99] 0989 (0985 098] 0974 0967 0959 0947

....................................................................................................................................................................................



TABLE 14. (cont.)

NE 2515 1.001  1.001  1.000 0999 0997 0994 0991 0988 00984 0980 0975 0967 0959 0950 0937
NE 2515/3 1.005 1.004 1002 1000 0998 0995 0993 0991 0989 098 0982 0975 0969 0961 0949
NE 2577 1.005 1.004 1.002 1000 0998 0995 0993 0991 0989 098 0982 0975 0969 0961 0949
NE 2505 Farmer 1.001 1.001 1000 0999 0997 0994 0991 0988 0984 0980 0975 0967 0959 0950 0937
NE 2505/A Farmer 1.005 1.003  1.001 0997 0995 0990 0985 0982 0978 0974 0969 0962 0955 0947 0936

NE 2505/3, 3A Farmer 1.005 1.004 1.002 1000 0998 0995 0993 0991 0989 098 0982 0975 0969 0961 0949
NE 2505/3, 3B Farmer 1.006 1.004 1.001 0999 099 0991 0987 0984 0980 0976 0971 0964 0957 0950 0938

NE 2571 Farmer 1.005 1.004 1.002 1000 0998 0995 0993 0991 0989 0986 0982 0975 0969 0961 0949
NE 2581 Farmer 1.005 1.003 1.001 0998 0995 0991 098 0983 0980 0975 0970 0963 0956 0949 0937
NE 2561/2611 Sec. Std 1.006  1.004 1.001 0999 0998 0994 0992 0990 0988 0985 0982 0975 0969 0961 0949
PTW 23323 micro 1.003  1.003  1.000 0999 0997 0993 0990 0987 0984 0980 0975 0967 0960 0953 0941
PTW 23331 rigid 1.004  1.003 1000 0999 0997 0993 099 0988 0985 0982 0978 0971 0964 0956 0945
PTW 23332 rigid 1.004  1.003  1.000 0999 0997 0994 0990 0988 0984 0980 0976 0968 0961 0954 0943
PTW 23333 1.004  1.003 10001 0999 0997 0994 0990 0988 0985 0981 0976 0969 0963 0955 0943

PTW 30001/30010 Farmer 1.004 1.003  1.001 0999 0997 0994 0990 0988 0985 0981 0976 0969 0962 0955 0943
PTW 30002/30011 Farmer 1.006 1.004 1.001 0999 0997 0994 0992 0990 0987 0984 0980 0973 0967 0959 0948
PTW 30004/30012 Farmer 1.006 1.005 1.002 1.000 0999 099 0994 0992 0989 098 0982 0976 0969 0962 0950
PTW 30006/30013 Farmer 1.002  1.002  1.000 0999 0997 0994 0990 0988 0984 0980 0975 0968 0960 0952 0940

PTW 31002 flexible 1.003  1.002 1.000 0999 0997 0994 0990 0988 0984 0980 0975 0968 0960 0952 0940
PTW 31003 flexible 1.003  1.002  1.000 0999 0997 0994 0990 0988 0984 0980 0975 0968 0960 0952 0940
SNC 100730 Farmer 1.004  1.003 1.001 0999 0997 0993 0990 0988 0985 0981 0977 0970 0963 0956 0944
SNC 100740 Farmer 1.006 1.005 1.002 1000 0999 099 0994 0992 0990 0987 0983 0977 0971 0963 0951
Victoreen 1.005 1.004 1.001 0998 0996 0993 0989 0986 0983 0979 0975 0968 0961 0954 0943

Radocon 111 550



TABLE 14. (cont.)

Victoreen 1.005S  1.003 1000 0997 0995 0990 0986 0983 0979 0975 0970 0963 0956 0949 0938
Radocon I1 555

Victoreen 30-348 1.004 1.003 1000 0998 099 0992 0989 0986 0982 0978 0973 0966 0959 0951 0940
Victoreen 30-351 1.004  1.002 1000 0998 099 0992 0989 0986 0983 0979 0974 0967 0.960 0952 0941
Victoreen 30-349 1.003  1.002 1.000 0998 099 0992 0989 0986 0983 0980 0976 0969 0962 0954 0942
Victoreen 30-361 1.004  1.003 1.000 0998 099 0992 0989 0986 0983 0979 0974 0967 0960 0953 0942
Scdx-Wellhofer IC 05 1001 1,000 1000 0999 0998 099 0994 0992 0989 0984 0980 0972 0964 0956 0942
Scdx-Wellhéfer 1C 06 1001 1.000 1000 099 0998 0996 099 0992 0989 0984 0980 0972 0964 0956 0942
Scdx-Wellhéfer IC 10 1.001  1.000 1000 0999 0998 099 0994 0992 0989 0984 0980 0972 0964 0956 0.942

Scdx-Wellhéfer IC 15 1.001  1.000 1.000 0999 0998 099 099 0992 0989 0984 0980 0972 0964 0956 00942
Scdx-Wellhéfer IC 25 1001 1.000 1000 0999 0998 099 09% 0992 0989 0984 0980 0972 0964 0956 0942
Sedx-Wellhofer IC 28 1.001  1.000 1.000 0999 0998 099 099 0992 0989 0985 0980 0973 0965 0956 0943

Farmer shortened
Scdx-Wellhbfer
1C 69 Farmer 1.002 1002 1000 0999 0997 0994 0991 0989 0985 0981 0977 0969 0961 0953 0.940
Scdx-Wellhifer
IC 70 Farmer 1.004 1003 1001 1.000 0998 099 0993 0991 0988 0985 0981 0974 0967 0959 0946

* Some of the chambers listed in this table fail 10 meet some of the minimum requirements described in Section 4.2.1, However, they have been included
because of their current clinical use.
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TABLE 16. CALCULATED VALUES® OF ko FOR HIGH ENERGY PHOTON BEAMSNR
TONIZATION CHAMBERS AS A FUNCTION OF THE BEAM QUALITY INDEX TPR“."{ er

P——

Beam quality index, TPRy, S
Jonization chamber type , -
056 059 06 06 06 070 072 04 0%
PTW 30010 1000S 09989 09967 09938 09901 09869 09832 09787 097
Famner 3
PTW 30011 10005 09989 09969 09942 09906 09875
Famer
PTW 30012 10004 09990 09970 09944 0910 09881
. Famer _
PTW3m1 10007 09984 09956 09920 09876 09840
- Fammer
 PTW31010 10008 09982 09952 09914 09869 09835
| Semiflex
PTW31013 10007 09985 09958 09924 09882 09848
. Semiflex
PTW31016 10006 09987 09962 09930 09888 09853
PinPoint 30"







icngth

(mm)

Wall
thckness
(g/em’)
069 2.1 32 Graplste 0.065
0.6 2.0 31 PMMA/graphite 0.057
0.6 2.0 31 Graphete 0.079
T | 06 2.0 3 PMMA/graphite 0087
PTW3I010° 0.13 65 2% PMMA/graphite s
- PTW3I013 a3 163 28 PMMAjgmhic 0078
PTW3Ii 007 48 24 PMMA/gphite 0084
IBACCH 013 58 == css2 o
 IBAFCHSG 065 230 I Graphite 0073
- IBAFCES-P 065 230 31 POM 007
~ ExadinAl2 064 na’ il cs9 0088
h—; gmﬁ.m 062  nat 31 c592 0088
f ’f Although PTW 31010 docs not mest the mmmnWhMMQQ
~ fNanening filier Fee bean, where a shorter thimble is potentially advantageous. Use of this chamber type
~ and may result in @ larger overall uncertainty in the determinastion of absorbed dose to water.
* na; not applicable. Manufacturer data state 21,6 mm wmmmuusmmm 262

ju’ deﬁaedo&nnlht arcle that msaribes the collecting volume and shell.
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Step 1: standards laboratory”

N calibration of secondary standard at PSDL 0.5
Long term stability of secondary standard 0.1
Ny calibmtion of the user dosimeter at the standards laboratory 04
Combined uncertainty of step 1 0.6
Step 2: user’s high energy photon beam
Long term stability of user dosimeter 02
Establishment of reference conditions 03
Dosimeter reading A, relative to beam monitor 0.3¢
Correction for influence quantitics k, 0.3
Beam quality factor, &, [100] 0.6
Combined uncertainty of step 2 0.8
1O

Combined standard uncertainty of D,,‘g (steps 1 and 2)
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0.1

Long term stability of sccondary standard

Ny, calibration of the user dosimeter at the standards 04
laboratory

Combined uncertainty of step | 0.6
Step 2: user “Co beam

Long term stability of user dosimeter 0.2
Establishment of reference conditions 0.3
Dosimeter reading M, relative to timer or beam monitor 0.1
Correction for influence quantities &, 0.3
Combined uncertainty of step 2 0.5
Combined standard uncertainty of D, (steps | and 2) 0.8



‘LFoton Dozimetrisi TRS 398

Zref derinliginde Q demet kalitesinde bir foton demeti
icin iyon odasi yoklugunda suda sogurulan doz;

Dw,Q=MQqND,w,QokQ,Qo

MQ : Sicaklik ve basing; elektrometre kalibrasyonu;

polarite etkisi ve iyon tekrar birlesme etkileri icin
duzeltilmis dozimetre okumasi
ND,w,Qo :Referans kalite Qo da dozimetre icin suda
sogurulan doz kalibrasyon faktortddir.

kQ,qQo :Iyon odasina dzel faktdrdiir.Referans demet kalitesi
Qo ve gercek demet kalitesi Q arasindaki farklari
duzeltir.



Tablo 21.Bazi plastikler icin ¢y derinlik dontstlirme
faktord, ha aki donlistiirme faktori,nominal yogunluklar

astik fantom
Kati su (WT1)
Kati su (RM1-457)
Plastik su
Sanal su
PMMA
Seffaf polistren
Beyaz polistren
A-150

Cpl
0.949

0.949

0.982

0.946

0.941
0.922
0.922
0.922

hpl
1.011
1.008
0.998

1.009
1.026
1.026
1.026

pl (g / cm?)
1.020
1.030
1.013
1.030
1.190
1.060
1.060
1.060



‘L Diizeltme faktorlers

(273.2+T) Po

(273.2+To) P
Sicaklik-basing



‘L Diizeltme faktorlers

s Polarite duzeltmesi
IM+1 +IM-|

2M

Tekrar birlesme diizeltmesi (Iki voltaj
yontemi)

ks=ao +a1(M1/M2)+(M1/M2)2






i Suda Sogurulan Doz

= Dw,Q(ref)=MqQ ND,w,Qo kQ,Q0 Gy/MU

= Dw,Q (Zmax)=100 Dw,Q(Zref) / PDD(zref)
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easure Equipment Options Help

Water Measurement

Define Water Depth Scan

" Radiation Device: " Single Parameter Set:

|E:i|e(:lo;, 6 MV L" wll::ne: _v_" Igala LII Edit... I s
‘Applicator: B B ' New. . l Cancel |
‘ None L] Inline Crossline Ticlote

L

Field Size at SAD: |10 I x |1 o I cm Point Sl GRS em L‘
Scan Speed: High e '
I Asymmetric
ssp: cm
Source Axis Dist. e: 100 cm

" Scan Definition: Sons
Infine 722,

nline

_Profile
Change Direction I | Add I Undo Add |

Multi Profile [ Show message From: To:

Denti B 205 ] em
Inline Dffset: D cm

Crossline Dffsel I: I cm | ~4
- ET| I =
Info Line: : =
Nr Of Scans In Queue: 3 I

— " Queue Progress Graphics:

For Help. press F1
-s Baslat



Scanditronix f Wellhofer OmniPro-Accept - [6MV10x10pdd]
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Al ~]] Convert All In Group | Co Selected |
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Depth

Inline
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Machine Groups: | infinity. Photon. 18 MVY. Open __” View Targetfiles |
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=20
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I
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PROFIL DUZGUNLUGUNUN (Flatness)
VE SIMETRISININ KONTROLU:

i (Tolerans = %3 )

Kullanilan 30x30 cm?lik alan ve 10 x 10
cm?'lik alan icin ayri ayri 10cm derinlikte
GT(inplane) ve AB(crossplane) yonlerinde
elde edilecek profil dizgunltk ( Flatness )
ve simetri acisindan degerlendirilir.




PROFIL DUZGUNLUGU

‘L (Flatness)
M-m

= x100 %
M+m

AAPM Task Grup 40 ‘a gore;

Alan genisliginin (% 50 deki genislik)
M, % 80'nindeki maksimum doz

m, % 80'nindeki minimum dozdur.
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