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1.I2-I

1.I)

2-I)
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2-I-1  مؤيه  الالاشؼاع غير

2-I- 2

1-2-2-I 

 



             
 

 
7 

 

3-I 

1-3-I

WiWt

WaWd

3 I

𝑊𝑖 = 𝑊𝑡 + 𝑊𝑎 + 𝑊𝑑                                                        (1-I)

𝑊𝑖 − 𝑊𝑡 = 𝑊𝑎 + 𝑊𝑑                                                        (2-I) 
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3 I :

 

 

Wi Wa 
Wt 

Wd 
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1-1-3-I

I0

dx

𝑑𝐼

𝑑𝑥
= −𝜇𝐿𝐼 𝑥                                                                                      (3-I)

Ix

𝐼 = 𝐼0𝑒
−𝜇𝐿𝑥                                                                                       (4-I)

cm-1







𝜇𝑚 =
𝜇𝐿

𝜌
   (

𝑐𝑚 2

𝑔
)                                                                              (5-I)
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2-1-3-I 

Half value layer (HVL)

Couche de demi-atténuation(CDA) ،

𝐼𝐶𝐷𝐴 =
𝐼0

2
                                                                                          (6-I)

(4-I)

𝐼𝐶𝐷𝐴 = 𝐼0𝑒
−𝜇𝐿(𝐶𝐷𝐴)                                                                           (7-I)

(6-I) (7-I)  

𝐶𝐷𝐴 =
𝑙𝑛2

𝜇𝐿
≈

0.693

𝜇𝐿
                                                                           (8-I)

1-3-I
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hν 

ECe = hν − Eb                                                                                         (9-I) 

4-I 

4-I:

2-3-I كومبتون   تأثير

φ
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α

hc

λ
+ mₒc2 =

hc

λ ′
+ mc2                                                                       (10-I) 

:

ₒ



5-I :
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3-3-I 

6-I

4-3-I
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4-I

N0 

N

dt

𝑑𝑁 =  −𝑁𝜆𝑑𝑡                                                                                                 I)

𝑁(𝑡)  =  𝑁 𝑒−𝜆𝑡 I)



5-I
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1-5-I

2-5-I 

H2O ⟶ H2O+  +   é                                                                           (13-I)
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H2O +  é ⟶ H2O−                                                                            (14-I)

H2O− ⟶  𝐻 +  𝑂𝐻−                                                                          (15-I)

3-5-I 

4-5-Iانجسميت انمتأخرةانتأثيراث  
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1-4-5-I

2-4-5-I انؼظامسرطان  

3-4-5-I اندرقيتسرطان انغدة 

6-I
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𝐵𝑟−  
                      
         𝐵𝑟 +  𝑒−                                                                  -II)

 

𝑆−  +   𝑒−  
                      
         𝑆−2                                                               -II)

 

𝐴𝑔+  +   𝑒−  
                      
         𝐴𝑔 -II)
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III

NaI(Tl) التي 

NaI(Tl)
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III)  

N0

𝑁 = 𝑁0.
Ω

4𝜋
≈ 𝑁0.

ds

𝑆
III)



SR:  4R2 

R

ds



𝑁 ≈ 𝑁0.
(dr )2

4𝑅2
= 𝐺. 𝑁0 III)

G

𝐺 =
(dr )2

4𝑅2
III)

 

 dr 

ds 
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Ω = 4𝜋.
𝑁

𝑁0
= 4𝜋. 𝐺 = 𝜋.

(dr )2

𝑅2
III) 

 

III

 

 

1.2 𝝐 =
𝑵𝒄

𝑵𝒔
(5-III) 
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III

1.3 𝓡 =
    

   
                                                      (𝟔 − 𝐈𝐈𝐈) 

III

1.4 𝐈 = 𝐈𝟎𝐞
−𝐌𝐱                                                                                  (𝟕 − 𝐈𝐈𝐈) 

I0  I

1.5 𝝐𝒊𝒏𝒕 =
𝑰𝟎−𝑰

𝑰𝟎
= 𝟏 −  𝒆  −𝑴𝒙                                                         (𝟖 − 𝐈𝐈𝐈) 
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III 

 

III

𝜖𝑔𝑒𝑜 =
Ω

4𝜋
                                                                                                (𝟗 − 𝐈𝐈𝐈)

Ω

III

III

θ

Ω =  𝟐𝛑𝐬𝐢𝐧𝛉𝒅𝜽 = 𝟐𝝅 𝟏 − 𝐜𝐨𝐬𝜶 

𝛂

𝟎

                           (𝟏𝟎 − 𝐈𝐈𝐈)
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Ԑ
geo

=
2 π  1−𝑐𝑜𝑠    

4π
                                                                           (11 − III)

tan α = 𝑅 d 𝛼 = tan−1 𝑅 𝑑  

(11 − III)

ϵ𝑔𝑒𝑜 =
Ω

4π
=

1

2
(1 − cos( tan−1 𝑅 𝑑  )                                        (𝟏𝟐 − III)

 III 

(3-III

III 
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Pinteract = 1 − e− µNaI  r                                                      (𝟏𝟑 − III)

NaI(Tl)

Ԑ
𝑖𝑛𝑡

=    Pinteract
𝑟1 

𝑟1

𝜃1 

𝜃1

2𝜋

0
 𝑟 𝑟2  𝑠𝑖𝑛 𝜃𝑑𝑟 𝑑𝜃𝑑𝜑 +    Pinteract

𝑟2 

𝑟2

𝜃2 

𝜃2

2𝜋

0
 𝑟 𝑟2  𝑠𝑖𝑛 𝜃𝑑𝑟 𝑑𝜃𝑑𝜑    (𝟏𝟒 − III)

 

𝜃1
′ =  tan−1 𝑅 (𝑑 + 𝐻)   𝜃1 = 0𝜃1 ≤ 𝜃 ≤ 𝜃1

′

(3-III 
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𝑟1
′ = (𝑑 + 𝐻) cos 𝜃 𝑟1 = 𝑑 cos 𝜃 𝑟1 ≤ 𝑟 ≤ 𝑟1

′

 

𝜃2
′ =  tan−1 𝑅 𝑑   𝜃2 =

 tan−1 𝑅 (𝑑 + 𝐻)   

𝜃2 ≤ 𝜃 ≤ 𝜃2
′

𝑟2
′ = (𝑑 + 𝐻) cos 𝜃 𝑟2 = 𝑑 cos 𝜃 𝑟2 ≤ 𝑟 ≤ 𝑟2

′

Ԑ = Ԑ
𝑖𝑛𝑡

× Ԑ
𝑔𝑒𝑜

                                                                        III)

III
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III
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III

) NaI(Tl 

∆

S E = 1 − 𝑒−(𝜇𝐸)∆ III)

𝜇𝐸

 2π 𝐒(𝐄)
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 4π

S(E) =
 S(E)

2N
III)

Eٌذي الشاويت تكون ،

III  ّ0  ولاحظ أن ≤ 𝜃 ≤ π
2 

0 ≤ cos 𝜃 ≤ 1 III)

cos 𝜃 = 𝑧                                                                                      III)

𝑧

(4 - III 
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  cos 𝜃 ≤ cos 𝜃2𝜃 ≥ 𝜃2

𝜃2 = tan−1 𝑅 𝑑  

   cos𝜃1 >  cos θ > cos 𝜃2𝜃1 < 𝜃 < 𝜃2

Δ

∆ = (R sinθ) − (d  cosθ  ) III)

  cos θ ≥  cos𝜃1𝜃 ≤ 𝜃1

Δ

 cos θ

∆  = (H/  cosθ) III)

𝜃1 =    𝑡𝑎𝑛−1 𝑅 (𝑑 + 𝐻)   III)
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) NaI(Tl مُعطاة في المخطط 

III - 5)الإوسيابي الموضح في الشكل 

START 

: كاشف- قراءة المعطيات الفيزيائية والهندسية للنظام مصدر

E, µ, R, H, d, N 

 2 و 1حساب 

 score=0: تهيئة النتيجة

 

 

= 

For i=1 :N 

:  حيث z عشوائية للفوتونات باستعمال العدد العشوائي توليد اتجاهات 

cos = z = RAND() 

  cos ≤ cos2: إذا كان

 نعم

 لا

 لا  cos ≥ cos1: إذا كان

∆ = (R sin θ) − (d  cos θ  ) ∆  = (H/  cos θ) 

 نعم

S = 1 – EXP(-µ*) 

score = score + S 

NEXT 

Efficiency = score/(2*N) 

Print E, Efficiency 

Stop 

  مه أجل مىبع وقطيNaI(Tl (مخطط اوسيابي يوُضح III - 5)انشكم 
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NaI(Tl)

Matlab



5.I

𝜇𝑚 𝑁𝑎𝐼 =   𝜇𝑖𝑤𝑖 = (𝜇1𝑤1)𝑁𝑎 + (𝜇2𝑤2)𝐼                                                   

(1.IV) 

𝜇𝐿 𝑁𝑎𝐼 = 𝜇𝑚 𝑁𝑎𝐼 . 𝜌

(2.IV)
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 (NaI)=3.67g/cm3  NaI

w1=0.153 w2 = 0.846  NaI 

(1.IV)(1.IV) 

NaI

(1.IV)NaI
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50 37,361 10,180 

60 22,857 6,228 

80 10,507 2,863 

100 5,784 1,576 

150 2,078 0,566 

200 1,108 0,302 

212 0,989 0,270 

300 0,563 0,153 

320 0,517 0,141 

400 0,404 0,110 

600 0,332 0,090 

500 0,290 0,079 

661 0,272 0,074 

662 0,271 0,074 

800 0,241 0,066 

1000 0,211 0,058 

1100 0,200 0,054 

1330 0,181 0,049 

1332 0,181 0,049 

1500 0,170 0,046 

2000 0,151 0,041 

2620 0,139 0,038 

3000 0,135 0,037 
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NaI(Tl) 

(2.IV)

 .d= 0.001 cm 
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 d= 0.5 cm 

(2.IV)
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(2.IV): مقاروت قيم الكفاءة الكليت المحسوبت لكاشف NaI(Tl) 
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(3.IV) وممثلت في الشّكليه 

(3.IV) : الكفاءة الكليت المحسوبت لكاشفNaI(Tl) 

 d (cm)البعد 
  

10 5 3 1 0,5 0,1 0,001 
الطاقت 

(keV)  

0,0169 0,0549 0,1292 0,3226 0,4049 0,4809 0,5000 50 

الكفاءة 

 الكليّت

0,0125 0,0496 0,1048 0,2891 0,3893 0,4781 0,5000 100 

0,0125 0,0419 0,0911 0,2552 0,3449 0,4514 0,4817 200 

0,0102 0,0356 0,0731 0,1933 0,2856 0,3772 0,4164 300 

0,0102 0,0336 0,0612 0,1615 0,2405 0,3267 0,3624 400 

0,0068 0,0282 0,0510 0,1563 0,2132 0,2912 0,3288 500 

0,0086 0,0223 0,0577 0,1399 0,2011 0,2745 0,3030 600 

0,0093 0,0256 0,0447 0,1237 0,1711 0,2457 0,2714 800 

0,0077 0,0200 0,0440 0,1121 0,1641 0,2232 0,2493 1000 

0,0065 0,0191 0,0401 0,1039 0,1488 0,1982 0,2236 1332 

0,0072 0,0143 0,0329 0,0977 0,1372 0,1924 0,2144 1500 

0,0061 0,0174 0,0384 0,0959 0,1278 0,1778 0,1986 2000 

0,0032 0,0150 0,0288 0,0776 0,1139 0,1576 0,1773 3000 
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 NaI(Tl)شف 

 NaI(Tl)شف 
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keV
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keV3000
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Abstract : 

The aim of this work is to calculate the efficiency of a NaI(Tl) scintillation 

detector for a point source of radiation using a Monte Carlo method. For that, we have 

written a program in Matlab language. The program was tested successfully when 

compared with previous results in literature. Simulations using this program also 

showed that larger detectors have higher efficiency than smaller detectors. This research 

enables to provide data guidance tables for experimental researchers in order to 

determine or choose the source-detector dimension and energy in their experimental 

work, because this program can give various values of efficiency for smaller, nearly 

equal and larger distances than the detector dimensions, and for any energy values of 

the source radiation. 

Keywords: Scintillation detector; NaI(Tl) crystal; attenuation, gamma rayes; detector 
efficiency; Monte Carlo simulation. 

 


