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ɺʉʊʋʇ 

 

 

(SNR),  

 

 

 

ʘʢʪʫʘʣʴʥʽʩʪʴ  

ʄʝʪʦʶ 

 

ʟʘʚʜʘʥʥʷ: 
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1. 

. 

2. 

 

 

3.  

4. 

 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ:   , 

 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ:  

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

  

 

; 

; 

 

; 
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ʈʆɿɼɯʃ 1. ɺʇʃʀɺ ʈʆɿʉɯʗʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʅɸ 

ʈɽʅʊɻɽʅʆɻʈɸʌɯʏʅɯ ɿʆɹʈɸɾɽʅʅʗ 

 

 

1.1 ʈʦʟʩʽʷʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ 

  

   

 

 

 

 

 

. 

, .  

 

  

 [1]. 

푆/푃 ( 푆푃푅). 

푆/푃 FOV 
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, 

 

 

 

 

 

 [2]. 
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10 − 600푘푒푉

 [3] 

. 1.1 [4] 
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ʈʠʩ. 1.1: ʏʘʩʪʢʘ, ʷʢʫ ʩʢʣʘʜʘʶʪʴʩʷ ʢʦʛʝʨʝʥʪʥʝ ʪʘ ʩʫʤʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʪʘ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʴ ʚʽʜ ʫʩʽʭ ʚʟʘʻʤʦʜʽʡ ʬʦʪʦʥʽʚ ʟ ʚʦʜʦʶ 

 

 

   

 50 푘푒푉 

 

0° 2,2° 100 푘푒푉, 4,5° 

50 푘푒푉, 11,3° 20 푘푒푉.  
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ʈʠʩ. 1.2: ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʢʦʛʝʨʝʥʪʥʦʛʦ ʪʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʴ ʥʘ 

ʦʜʠʥʠʮʶ ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ 

  

1.2 ɺʧʣʠʚ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʷ 

  

푆푁푅. 

 

. 

 

[5], 

 

I. 
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II. 

  

III. 

 

푆푁푅

 

 

1.2.1 ɺʧʣʠʚ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʦʥʪʨʘʩʪ ʟʦʙʨʘʞʝʥʥʷ 

 

퐶 =
퐼 − 퐼

(퐼 + 퐼 )/2
=

Δ퐼

퐼
 

퐼   퐼   

Δ퐼   

퐼    

 

퐶 =
(퐼 + 퐼 ) − (퐼 + 퐼 )

((퐼 + 퐼 ) + (퐼 + 퐼 ))/2
=

Δ퐼

퐼 + 퐼
= 퐶

1

1 +
퐼
퐼

 

퐼   퐼 퐼⁄   
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퐼 퐼⁄ = 1

퐶 = 0,5퐶

퐼 퐼⁄ = 3 퐶 = 0,25퐶

퐼 퐼⁄ = 9

퐶 = 0,1퐶   

 

 

  

 

 

1.2.2 ɺʧʣʠʚ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ SNR ʟʦʙʨʘʞʝʥʥʷ 

푆푁푅, 

 

 

푆푁푅 =
퐼 − 퐼

2퐼 ̅
=

Δ퐼

2퐼 ̅
 

 

 

 

1/(1 + 퐼 /퐼 ) 

 푆푁푅  

푆푁푅 =
1

1 + 퐼 /퐼

퐼 − 퐼

2퐼 ̅
=

1

1 + 퐼 /퐼
푆푁푅  
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푆푁푅 

1 + 퐼 /퐼   

 

 

1.3 ʄʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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1.3.1 ɸʧʘʨʘʪʥʽ ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

   , 

 

 

 

 

  

 

 

 

 

 

 

 

. 

,  

 

 [6] 

 

[7] 
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,  

. 

  퐵  Σ: 

퐵 = ,   Σ =  

퐼  퐼   

퐼  퐼   

푇 = 퐼 /퐼  

 푇 = 퐼 /퐼   

 

 퐼 = 퐼 , 퐼 = 0

퐵 = 1 + 퐼 /퐼 퐼 /퐼   

푆/푃, 푆푃푅). 

 

 푇 = 1, 푇 = 0 , 
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[8, 9]. 

푆/푃, 

-

[10, 11]. 

-

푆/푃 

  1.3),  

 

 , 푥 

-

푥 -
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ʈʠʩ. 1.3: ʂʦʥʬʽʛʫʨʘʮʽʷ ʩʠʩʪʝʤʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ 

ʪʘ ʧʦʣʦʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʦʯʢʠ-ʜʞʝʨʝʣʘ ʨʦʟʩʽʷʥʥʷ 

 

 

Σ =
푇

푇
=

((푓 − 푎)/푓)

(푥/(푥 + 푎))
= (1 − 푎/푓) ⋅ (1 + 푎/푥)  

푓  - 푥  -

푎  -  
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[12]. 

[13, 

14]. 

 

 

1.3.2 ʇʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

-

 [15]. 

-

  

1)  

 

2)  

3) 

 

4)  
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5)  

 

 

 

. [16] 

[17], [18] [19]. 

 [18] 

 

 

[20], 

 

-
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[21]. 

PSF (point spread function) 

PSF 

PSF 

 

 

 

 

-
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-

 

- -

-

 

 

 [22, 23]. 
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. 

[24]. 

. 

 

 

 

1.4 ʇɿ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʄʦʥʪʝ ʂʘʨʣʦ. GATE ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ 

  

 

  

Geant4 [25] GATE [26], 

Geant4. PENELOPE [27], 

, 
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MCNP [28]

, EGSnrc [29]

 TOPAS [30], 

 

  

  

GATE. 

Geant4 -

Geant4 

 

GATE, Geant4, 

GATE OpenGATE Collaboration 

[31] 

Geant4 . GATE 

 

GATE 

1.4).  
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ʈʠʩ. 1.4: ɸʨʭʽʪʝʢʪʫʨʘ GATE 

 

GATE Geant4. GATE 

C++, 

GATE 

C++ [32]. 

 

1.  

2.  

3.  

4.  

Рівень 
користувача

Рівень 
застосування

Базовий 
рівень

Geant4
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5.  

6.  

7.  

8.  

9.  

 

GATE 
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ʈʆɿɼɯʃ 2. ʇʈɽɼʉʊɸɺʃɽʅʅʗ ʈʆɿʇʆɼɯʃʋ ʈʆɿʉɯʗʅʆɻʆ 

ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ɺ ʇʃʆʑʀʅɯ ɼɽʊɽʂʊʆʈɸ 

 

 

2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

(푢, 푣, 푧) 

  

  

 

 

ʈʠʩ. 2.1: ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʘ ʩʠʩʪʝʤʘ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

 

퐼 . 

푧 = 0

푥푂푦 푂(푢 = 0;  푣 = 0;  푧 = 0), 푥 푦 푢 

푣 ; 푎 × 푏. 
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(푢, 푣, 푧),  

(푥, 푦).  

 (푥, 푦) 

(푢, 푣, 푧)  

ℎ, 

푑.  퐼 , 

(푢, 푣, 푧), 푠 

휑 (푥, 푦) 

 

 

 (푥, 푦) 

,   

퐼(푥, 푦) = 퐼 (푥, 푦) + 퐼 (푥, 푦) (2.1) 

퐼 (푥, 푦)  primary

 퐼 (푥, 푦)  

scattered   

   

퐼 (푥, 푦) = 훼(푥, 푦)퐼 (푥, 푦) (2.2) 

퐼 (푥, 푦) = 훽(푥, 푦)퐼 (푥, 푦) (2.3) 

훼(푥, 푦)  훽(푥, 푦)  

 

(2.2) , (2.1)  : 

퐼 (푥, 푦) =
훼(푥, 푦)

훼(푥, 푦) + 훽(푥, 푦)
퐼(푥, 푦) 
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훼(푥, 푦) 훽(푥, 푦) 

 

 

2.2 ʇʨʠʡʥʷʪʽ ʥʘʙʣʠʞʝʥʥʷ 

 

I.  

II. 

 

III. 

 

 

 

 

 

 

2.3 ʇʨʦʮʝʜʫʨʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

  : 
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훼(푥, 푦) =
퐼(푥, 푦)

퐼 (푥, 푦)
 

 (푥, 푦) 

: 

푑퐼 (푥, 푦, 0)~
퐼 (푢, 푣, 푧)

푟
푑푉 

푟 = (푥 − 푢) + (푦 − 푣) + 푧 , 푑푉 = 푑푥푑푦푑푧. 

(푥, 푦)  

 

퐼 (푥, 푦, 0) = 퐼 (푥, 푦) =
퐼 (푢, 푣)훾(푢, 푣, 푧)훼(푢, 푣, 푧)

(푥 − 푢) + (푦 − 푣) + 푧
푑푢푑푣푑푧 (2.4) 

(푢, 푣, 푧)  훾(푢, 푣, 푧)  

훼(푢, 푣, 푧)   

  

 

  

 

-
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푚 푐 , 

 

푑휎

푑Ω
=

푟

2

휈

휈

휈

휈
+

휈

휈
− 푠푖푛 휃   

 푑휎/ 푑Ω  푟   

휈  휈   

 

 ℎ휈

 [2]. 

휃  

푑Ω = 2휋 sin 휃 푑휃: 

푑휎

푑휃
= 휋푟

휈

휈

휈

휈
+

휈

휈
− 푠푖푛 휃 푠푖푛 휃 

휈 ≈ 휈 . 

  

푑휎

푑휃
= 휋푟 (2 푠푖푛 휃 − 푠푖푛 휃) 

 

휃,  

푟. 

휃 

1
2휋푟 

 푁 (푢, 푣, 푧): 
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훾(휃, 푟) =
푟 푁

2푟
(2 sin 휃 − 푠푖푛  휃) 

휃  

휃 = 푎푟푐푡푔
푟

푑 + 푠
 

 (2.1) 푠 = 푧 − 푑, 푑 = 푐표푛푠푡, 푟 = (푥 − 푢) + (푦 − 푣)   

휃  

휃 = 푎푟푐푡푔
(푥 − 푢) + (푦 − 푣)

푧
 

sin 휃, 

 

sin 휃 =
(푥 − 푢) + (푦 − 푣)

(푥 − 푢) + (푦 − 푣) + 푧
 

  

훾(푢, 푣, 푧) =
푟

2

푁

(푥 − 푢) + (푦 − 푣) + 푧
1 +

푧

(푥 − 푢) + (푦 − 푣) + 푧
 

(2.4). 

 

2.4 ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭʥʴʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʧʝʨʝʚʽʨʢʠ 

-
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퐼 (푥, 푦) =
푟 퐼 (푢, 푣)훼(푢, 푣, 푧)푁 (푢, 푣, 푧)

2

1

(푥 − 푢) + (푦 − 푣) + 푧
⋅ 

1 +
푧

(푥 − 푢) + (푦 − 푣) + 푧
푑푢푑푣푑푧 

 

퐼 (푥, 푦) =
푟

2

퐸 푁 푁 (푢, 푣, 푧)

푆푡

훼(푢, 푣, 푧)

(푥 − 푢) + (푦 − 푣) + 푧
⋅ 

⋅ 1 +
푧

(푥 − 푢) + (푦 − 푣) + 푧
푑푢푑푣푑푧 (2.5)  

퐸   푁   푆  

푡   [33]. 

 

퐼 (푥, 푦) = 푘 퐼 (푥, 푦)푑휆 

푘    휆. 

푆/푃 

퐼 (푥, 푦) 

퐼 (푥, 푦) 

.  
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푆/푃 =
퐼 (푥, 푦)

퐼 (푥, 푦) − 퐼 (푥, 푦)
 

퐼 (푥, 푦)   
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ʈʆɿɼɯʃ 3. ʇɽʈɽɺɯʈʂɸ ʊɽʆʈɽʊʀʏʅʀʍ ʈɽɿʋʃʔʊɸʊɯɺ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʄʆɼɽʃʖɺɸʅʅʗ 

 

 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʶʚʘʥʥʷ 

 

 

 3.1. 

 

 

 

ʈʠʩ. 3.1: ʂʦʥʬʽʛʫʨʘʮʽʷ ʩʠʩʪʝʤʠ, ʦʙʨʘʥʦʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ 

 

 

1 см × 1 см × 1 см
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1 см × 1 см ×

2 см 푉 = 3 см    

 푎 = 3 см  

푏 = 4 см 0,5 мм. 

퐶푠퐼) 2 мм × 2 мм. 

1 см. 

푥푂푦. 

 10 см

 0,5 мм. 

퐸 = 20 кеВ, 퐸 =

50 кеВ 퐸 = 90 кеВ

 푡 = 0,05 с: 푁 = 2 ⋅ 10 , 푁 = 1 ⋅ 10 , 푁 = 3 ⋅ 10  

푁 = 1 ⋅ 10 . 

GATE 

 

 

3.2 ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

3.2.1 ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʦʙʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ 

Wolfram Mathematica 12.1 [34]. 

Wolfram Mathematica   
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Wolfram. 

(2.5) 

Mathematica NIntegrate. NIntegrate  

AccuracyGoal (

Exclusions (

), Method 

 

-

 

퐼  

(푥, 푦)   

푥 = 1, 2, 3, … 15, 푦 = 1, 2, 3, … 20.  

 

 

ʈʠʩ. 3.2: ʈʦʟʧʦʜʽʣ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ ʯʠʩʣʦʚʠʭ 

ʦʙʨʘʭʫʥʢʽʚ 
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(8, 10). 

 

3.2.2 ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

GATE  

 

GATE,  
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ʈʠʩ. 3.3: ʈʦʟʧʦʜʽʣ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʜʝʪʝʢʪʦʨʽ ʜʣʷ ʝʥʝʨʛʽʡ 20 ʢʝɺ (ʘ-

ʛ), 50 ʢʝɺ (ʜ-ʠ) ʪʘ 90 ʢʝɺ (ʢ-ʥ) ʧʨʠ ʢʽʣʴʢʦʩʪʷʭ ʧʝʨʚʠʥʥʠʭ ʬʦʪʦʥʽʚ 200000, 

1000000, 3000000 ʪʘ 10000000 ʚʽʜʧʦʚʽʜʥʦ 

 

 

 . 
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- - -

 

 

 

3.3 ɸʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʦʨʝʪʠʯʥʦ ʦʜʝʨʞʘʥʦʾ ʬʦʨʤʫʣʠ, ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

-3.6. 

  ,  

, 

 

). 



42 
 

 

ʈʠʩ. 3.4: ʈʦʟʧʦʜʽʣ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʬʦʪʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 20ʢʝɺ ʪʘ ʜʣʷ ʧʝʨʚʠʥʥʠʭ ʬʦʪʦʥʽʚ ʢʽʣʴʢʽʩʪʶ 200000, 

1000000, 3000000 ʪʘ 10000000 ʚʽʜʧʦʚʽʜʥʦ 
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ʈʠʩ. 3.5: ʈʦʟʧʦʜʽʣ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʬʦʪʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 50ʢʝɺ ʪʘ ʧʝʨʚʠʥʥʠʭ ʬʦʪʦʥʽʚ ʢʽʣʴʢʽʩʪʶ 200000, 1000000, 

3000000 ʪʘ 10000000 ʚʽʜʧʦʚʽʜʥʦ 
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ʈʠʩ. 3.6: ʈʦʟʧʦʜʽʣ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʬʦʪʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 90ʢʝɺ ʪʘ ʧʝʨʚʠʥʥʠʭ ʬʦʪʦʥʽʚ ʢʽʣʴʢʽʩʪʶ 200000, 1000000, 

3000000 ʪʘ 10000000 ʚʽʜʧʦʚʽʜʥʦ 

 

20 кеВ 90 кеВ 

 200000 10000000 

 

: 
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푓 =
1

푁
퐼 ,

теор
− 퐼 ,

модел

,

 (3.1) 

퐼 ,
теор

  

(푥, 푦), 퐼 ,
модел

- 

(푥, 푦), 

 

  

 

푁     \      퐸 퐸 = 20 кеВ 퐸 = 50 кеВ 퐸 = 90 кеВ 

푁 = 2 ⋅ 10  0.2348 0.2147 0.2087 

푁 = 1 ⋅ 10  0.1925 0.145 0.0903 

푁 = 3 ⋅ 10  0.1998 0.1289 0.081 

푁 = 1 ⋅ 10  0.1868 0.1214 0.071 

ʊʘʙʣ. 1: ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʽʚ 

 

퐸 = 20 кеВ  

퐸 = 50 кеВ 퐸 = 90 кеВ

푁  푁 . 

 

, 



46 
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ɺʀʉʅʆɺʂʀ 

 

 

 

  

 

퐼 (푥, 푦) =
퐼 (푢, 푣)훾(푢, 푣, 푧)훼(푢, 푣, 푧)

(푥 − 푢) + (푦 − 푣) + 푧
푑푢푑푣푑푧  

훾(푢, 푣, 푧)  

훾(푢, 푣, 푧) =
푟

2

1

푁 (푥 − 푢) + (푦 − 푣) + 푧
1 +

푧

(푥 − 푢) + (푦 − 푣) + 푧
 

 

퐼 (푥, 푦) =
푟

2

퐸 푁 푁 (푢, 푣, 푧)

푆푡

훼(푢, 푣, 푧)

(푥 − 푢) + (푦 − 푣) + 푧
⋅ 

⋅ 1 +
푧

(푥 − 푢) + (푦 − 푣) + 푧
푑푢푑푣푑푧  

 

 

, 

. 
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 GATE 

  

 

;  

20кеВ 90кеВ 2 ⋅ 10  1 ⋅ 10  

 

  

 

 

 

1. 

 

2. 

 

3.  
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ɼʆɼɸʊʂʀ 

 

 

 

200000 20 푘푒푉) 

 

MAIN.mac 

/control/execute /home/vgate/Documents/step 1: base.mac 

/control/execute /home/vgate/Documents/step 2: scanner.mac 

/control/execute /home/vgate/Documents/step 3: phantom.mac 

/control/execute /home/vgate/Documents/step 4: physics.mac 

/control/execute /home/vgate/Documents/step 5: verbosity.mac 

/control/execute /home/vgate/Documents/step 6: initialization.mac 

#/control/execute /home/vgate/Documents/step 7: visualization.mac 

/control/execute /home/vgate/Documents/step 8: digitizer.mac 

/control/execute /home/vgate/Documents/step 9: source (1).mac 

/control/execute /home/vgate/Documents/step 10: data output.mac 

/control/execute /home/vgate/Documents/step 11: acquisition.mac 

 

step 1: base.mac 

##################### BASE ##################### 

/gate/geometry/setMaterialDatabase 

/home/vgate/Software/Gate/src/GateMaterials.db 

/gate/world/geometry/setXLength 0.10 m 

/gate/world/geometry/setYLength 0.10 m 

/gate/world/geometry/setZLength 0.30 m 

/gate/world/setMaterial Air 

/gate/world/vis/setColor black 

##################### BASE ##################### 

 

step 2: scanner.mac 

##################### SCANNER ##################### 
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/gate/world/daughters/name scanner 

/gate/world/daughters/insert box 

/gate/scanner/geometry/setXLength 3. cm 

/gate/scanner/geometry/setYLength 4. cm 

/gate/scanner/geometry/setZLength 0.5 mm 

/gate/scanner/placement/setTranslation 1.5 2. 0.025 cm 

/gate/scanner/setMaterial Air 

/gate/scanner/vis/forceWireframe 

/gate/scanner/vis/setColor white 

# LEVEL 1 # 

/gate/scanner/daughters/name level1 

/gate/scanner/daughters/insert box 

/gate/level1/geometry/setXLength 3. cm 

/gate/level1/geometry/setYLength 4. cm 

/gate/level1/geometry/setZLength 0.5 mm 

# /gate/level1/placement/setTranslation 1.5 2. 0.025 cm 

/gate/level1/setMaterial Air 

/gate/level1/vis/forceWireframe 

/gate/level1/vis/setColor white 

# LEVEL 2 # 

/gate/level1/daughters/name level2 

/gate/level1/daughters/insert box 

/gate/level2/geometry/setXLength 3. cm 

/gate/level2/geometry/setYLength 4. cm 

/gate/level2/geometry/setZLength 0.5 mm 

# /gate/level2/placement/setTranslation 1.5 2. 0.025 cm 

/gate/level2/setMaterial Air 

/gate/level2/vis/forceWireframe 

/gate/level2/vis/setColor white 

# LEVEL 3 # 

/gate/level2/daughters/name level3 

/gate/level2/daughters/insert box 

/gate/level3/geometry/setXLength 2. mm 

/gate/level3/geometry/setYLength 2. mm 
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/gate/level3/geometry/setZLength 0.5 mm 

/gate/level3/setMaterial CsI 

/gate/level3/vis/forceSolid 

/gate/level3/vis/setColor red 

# REPEAT LEVEL 3 # 

/gate/level3/repeaters/insert cubicArray 

/gate/level3/cubicArray/setRepeatNumberX 15 

/gate/level3/cubicArray/setRepeatNumberY 20 

/gate/level3/cubicArray/setRepeatNumberZ 1 

/gate/level3/cubicArray/setRepeatVector 2. 2. 0. mm 

# ATTACH SYSTEM # 

/gate/systems/scanner/level1/attach level1 

/gate/systems/scanner/level2/attach level2 

/gate/systems/scanner/level3/attach level3 

# ATTACH LAYER # 

/gate/level3/attachCrystalSD 

##################### SCANNER ##################### 

 

step 3: phantom.mac 

##################### PHANTOM ##################### 

/gate/world/daughters/name Phantom1 

/gate/world/daughters/insert box 

/gate/Phantom1/geometry/setXLength 1. cm 

/gate/Phantom1/geometry/setYLength 1. cm 

/gate/Phantom1/geometry/setZLength 2. cm 

/gate/Phantom1/placement/setTranslation 1.5 1.5 1.55 cm 

/gate/Phantom1/setMaterial Water 

/gate/Phantom1/vis/forceSolid 

/gate/Phantom1/vis/setColor blue 

/gate/world/daughters/name Phantom2 

/gate/world/daughters/insert box 

/gate/Phantom2/geometry/setXLength 1. cm 

/gate/Phantom2/geometry/setYLength 1. cm 
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/gate/Phantom2/geometry/setZLength 1. cm 

/gate/Phantom2/placement/setTranslation 1.5 2.5 1.05 cm 

/gate/Phantom2/setMaterial Water 

/gate/Phantom2/vis/forceSolid 

/gate/Phantom2/vis/setColor blue 

/gate/Phantom1/attachPhantomSD 

/gate/Phantom2/attachPhantomSD 

##################### PHANTOM ##################### 

 

step 4: physics.mac 

##################### PHYSICS ##################### 

/gate/physics/addProcess PhotoElectric 

/gate/physics/processes/PhotoElectric/setModel StandardModel 

/gate/physics/addProcess Compton 

/gate/physics/processes/Compton/setModel PenelopeModel 

/gate/physics/addProcess RayleighScattering 

/gate/physics/processes/RayleighScattering/setModel PenelopeModel 

/gate/physics/addProcess ElectronIonisation 

/gate/physics/processes/ElectronIonisation/setModel StandardModel e- 

/gate/physics/addProcess Bremsstrahlung 

/gate/physics/processes/Bremsstrahlung/setModel StandardModel e- 

/gate/physics/addProcess MultipleScattering e- 

/gate/physics/processList Enabled 

##################### PHYSICS ##################### 

 

step 5: verbosity.mac 

##################### VERBOSITY ##################### 

#/gate/verbose Physic 5 

#/gate/verbose Cuts   0 

#/gate/verbose SD     0 

#/gate/verbose Actions   0 

#/gate/verbose Actor  0 

#/gate/verbose Step   0 
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#/gate/verbose Error  0 

#/gate/verbose Warning   0 

#/gate/verbose Output 0 

#/gate/verbose Beam   0 

#/gate/verbose Volume 0 

#/gate/verbose Image  0 

#/gate/verbose Geometry  0 

#/gate/verbose Core   0 

#/run/verbose 0 

#/event/verbose 0 

#/tracking/verbose 0 

##################### VERBOSITY ##################### 

 

step 6: initialization.mac 

##################### INITIALIZATION ##################### 

/gate/run/initialize 

##################### INITIALIZATION ##################### 

 

step 7: visualization.mac 

##################### VISUALIZATION ##################### 

/vis/open OGL 

/gate/run/initialize 

/vis/scene/add/axes 

/vis/enable 

/vis/scene/create Scene1 

/vis/sceneHandler/attach 

/vis/scene/add/volume world 

/vis/scene/add/axes 0 0 0 0.1 m 

/vis/viewer/set/viewpointThetaPhi 50 10 

/vis/viewer/panTo -2 1 cm 

/vis/viewer/zoomTo 2 

/tracking/storeTrajectory 

/vis/scene/add/trajectories 
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/vis/scene/add/hits 

/vis/modeling/trajectories/create/drawByParticleID 

##################### VISUALIZATION ##################### 

 

step 8: digitizer.mac 

##################### DIGITIZER ##################### 

/gate/digitizer/Singles/insert adder 

/gate/digitizer/Singles/insert readout 

/gate/digitizer/Singles/readout/setDepth 3 

# /gate/digitizer/Singles/insert thresholder 

# /gate/digitizer/Singles/thresholder/setThreshold 10 keV 

# /gate/digitizer/Singles/insert upholder 

# /gate/digitizer/Singles/upholder/setUphold 100 keV 

/gate/digitizer/convertor/verbose 0 

/gate/digitizer/verbose 0 

##################### DIGITIZER ##################### 

 

step 9: source.mac 

##################### SOURCE ##################### 

/gate/source/addSource xraygun 

/gate/source/verbose 2 

/gate/source/xraygun/gps/particle gamma 

/gate/application/setTotalNumberOfPrimaries 200000 

/gate/source/xraygun/gps/energytype Mono 

/gate/source/xraygun/gps/monoenergy 20. keV 

/gate/source/xraygun/gps/type Plane 

/gate/source/xraygun/gps/shape Square 

/gate/source/xraygun/gps/halfx 15. mm 

/gate/source/xraygun/gps/halfy 20. mm 

/gate/source/xraygun/gps/centre 1.5 2. 12. cm 

/gate/source/xraygun/gps/mintheta 0. deg 

/gate/source/xraygun/gps/maxtheta 0. deg 

/gate/source/xraygun/gps/minphi 0. deg 
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/gate/source/xraygun/gps/maxphi 360. deg 

#/gate/source/xraygun/visualize 100 red 2 

##################### SOURCE ##################### 

 

step 10: data output.mac 

##################### DATA  OUTPUT ##################### 

/gate/random/setEngineName MersenneTwister 

/gate/random/setEngineSeed auto 

/gate/output/ascii/enable 

/gate/output/ascii/setFileName 20keV_bigsource_200000 

/gate/output/ascii/setSingleMask 0 0 0 0 0 0 1 0 1 1 1 1 1 0 1 0 0 0 

/gate/output/ascii/setOutFileHitsFlag 0 

# /gate/output/ascii/setOutFileCoincidencesFlag 0 

# /gate/output/root/setRootSinglesFlag 1 

# /gate/output/root/setRootCoincidencesFlag 1 

# /gate/output/root/setRootdelayFlag 0 

##################### DATA  OUTPUT ##################### 

 

step 11: acquisition.mac 

##################### ACQUISITION ##################### 

/gate/application/setTimeStart   0 s 

/gate/application/setTimeStop 0.05 s 

/gate/application/startDAQ 

##################### ACQUISITION ##################### 

 

 

  



59 
 

 

 

 

 

 

 

  



60 
 

 

 

 

 

 

5

 

  



61 
 

 

 

 

 

 

9

 

 


