
  

  

 



 ب 

 

  


	�� ���ود� �
  د�

  

����� ��	
��
  

���� ����� ��  

  

���� �������� ���� �����  

  

�����:  


� ! �" ��#$ �%�
 �&��'�  ��(" )(� *��" ��  �" +, )����� -� �
�.��� �
 ���,

�/
0 -
 1�-�2���(" ����(2103Pd  �3��� *��� 4!� �".  

  

�6
��
:  

 )���/7� 8�3  

  

�/���� 
����:  

��(&�� �9��2 :��7 (��
  

  

 :/;"91  

 



 د 

 

� ر� �� و ��� ��� �� �����و �>;�ر :89* �و 4 دل 56 .ر، �234ن،   01، .-�ن �+* ( )'ر &�رت �و $ #"!� روز  رو���س و 

ن O YZ[\ ��J];�� ر� DEF VW�X 4 و RS�TU )<!ی��Pر� ( 0MN�;O ر� �H�I�JK �C L و DEF �G4 ر� $ AB �C;د و @?!� و <!=��  a`� <!_;د . ^��

  .[�bز�Cی�

  

�� �����:  


��
��� �� �� ����� �� ������� ����� � ��� ���� �����
���� �� ��
� � �� !� �
"�# �� �� $�


� �� ����� �� %�� ���&'� �(�) �� *�#���.  

�� �����:  

��, -��./ � -0� !��" 1���� �� $����)%�� 2, -,��� �.  

�  

 3� �
�) 
��4  3$��&� ���5��� $�&� 1���� �� ����� � ,�%�� $�. 

 

 

 

 



 � 

 

�, ������6��7��
����� ��� �8��� 2 �' �
�� !�6� 9��� $���5�:� ��
�� 3;&<���=/ !

���� �� �� �
"�� ������ 2, �� �� �>�� %��� ���=�?!�&���� @AB ! CA�, 2�� ����
� ������

 D<������� ����4 �� �� �8.  

%��&' �(�0� $��&� ��E&�� �'�� !���,���� !���� �� -���  ���) ��
��� �� 2 �>&� � ��

���)�&���� �(�0� � � ������?� �#�" ���$�7�
, ��"� ������B� !�� E&� � �F.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ز 

 

���	0  

      ��������	 
� ��

 ��	��� ��� ����
� ���� �� �� 
� �����
 ���������
  �!�"#�$ 
�  �  

�� 
� ���� �� %��� 
� �&��'��� ���(��� ���
�  ��� �
�� )������ �*�� +��� �$�� ��  
�, �� ���

�$�� �� �� �-�. 
� ���� �$��
� �
 ��*���  ���� +��� �� /��,� 0-��  �!.  

      �����!  103Pd  
125I �� ���(��� 0�2*�  �!
���� ���
� 
� ����34 
�, ��*��� . 5�� 
�

1986 ����  103Pd�:  ��� +��;� <�=��� &� ���;> ��� ���� �;�'?125I *� @�A� . 
� ���� )��

������BA;� '��� 
� 
�� )�-
� ��;�� ��,�� ���
�  ��� �	������
�� C
�D���� ��,��  � (TSRCC) 

����� ���(��� ����,�� ���
� 
� ��;�� 0! 
 *
 �;�� �E���
�	  �!  �
�� ��:�F� 0�2*�  �!
����

�� 
��G ���(������4. �"#�$ 
� �� �H�� ������ �� ���   103Pd �� �$� �>�� �� �� �� I;!� �� �*;�

�� +��;�5�"� )���  ��� ��J�� ����� �� ����
� ���,��  �!  ��� K��� *�
 �� ���!
�����$�� 

)�����;� ���� )��  ������  �!����
�	 )��L��� �M;�"� ���
�� �� NDG �!���
 ���!� �� �!  �

���
��
�2�� ./*! )��� ���*�� O��� �F;� ��4�����  ������ %����� �� ���H�  �!�� �	��� *���

��� �3�� . N�-� ���"#�$ 
� �� ���� J������ �� &��'�  �!H�  ������ ���� ����� 
� �*�P�	 �	���

��*��� �� ��. 
�"#�$ 
� �(4 ������� )M�� ��Q &���  �! .&�;M� �� �M� 
�, �� �� ���!

�� 
��G ���(��� �
�� NM�� )�� N.  ��� ����34���4��D� 
� ���(��� �����  ����� �-
��*��� .

�D��R�K����  �"#�$ 
� ��  �!)�;P�! 
 &���  �!� >��� ���H� S���� �H;� 
�D��� *�����"��
  

*� N�DG ��  *;��
*G  �!MCNP� BEAM�EGSNRC � PENELOPE، GEANT4 
 ETRAN/ITS 

���T	 E
�#.  

       5�� 
�1995  �M���� �M�'	 &�'�$ )�H��(AAPM)  ���;> �R�TG-43  N��� �� �"M�
�	

 *�*:  *;� 5���$�D��R�  ������� ��  �����  �!� �	���;��� ���� ��� . N��� NM�
�	 )��

 ���� ���
�� ��� ��D� 
� �-
����#�� ��-
�� ����  ������  ��� ����;!�
 ���D�  ��� ���! 
  ���



 ح 

 

�� E�D��R� �H;� 
�D�>�*��� .����
�	 NM�
�	 )�� VD,N���  ������  �! :��!  ���� E*�(Air 

Kerma Strength) �� X�� ���Y � (Dose Rate Constant)، ��*;! K��� (Geometry Function)،  K���

�>�L� �� (Radial Dose Function)  ��?��3�!�� K��� 
 (Anisotropy Function) ��*��� &� �! �� �

�L� 
� E���� )�� ��*;�3! 0�F� 
���� �� �*��
 ��T: �� ) .  ��� Z����� ��"�>  �-�. 
� ���

��.�� �� �*��
 �� ���
���� �
 ���
� �R�   �� ���(��� �� ���� [�H�� ��3�� �*� 
� \���B�3�  ����

  ��*� �$�� �� <� 
� ��:�� E�D���� 
 �-�?� �M��'� ��� ��D� � ������  �!����
�	 )��L�  [����$ 
�

�� E
�# <����4.  N�L-�
���� VD,  ������  �!����
�	 )��L� )�] Z!
�	 )�� 
�TG-43 ����$ �� [

<�� �D��R� ��[����$
� �!����
�	 )��   �3��B� �� 
 ��2���	 '�� �*� �$���� N#�. ^����    
� )��

�-�.)�� ��
�� �  �� ��D� �� N#�. ����B� <� [����$ ��  ��� ��'�� �� ���� *���� 
�  �!
���� ���
�

 �$��  �: �� 0�2*� �*����4 
��G ���(��� �
����� �*� �����
� �.  

 

 

 

 

 

 

 

 

 

 

  

  



 ك 

 

���� ����� -� ��� ?(@��� �3�>�  

�@ ���D;> �"��� ��  *�.�" ����
�	 ��
��  ������ K��� Z��
� ���� 
� ��*;!�����   �	��� 

0��J�	-103 5*�  MED3633�� ���(��� ��  *�MCNP4C" ،
�� �M��
��M-� �"� Z���! )�-
�  �!���

 �[�F: �&�'�$ )�F�91.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ل 

 

A3�#� *�(;�  �'.%  

B!� CD� :���&� �	����..................................................................................................................1 

1 -1 ��*B�........................................................................................................................................................................2  

1 -2 Z���...........................................................................................................................................................................2 

   1-2 -1 �*;��� \���B�3� E�
q....................................................................................................................................3 

   1-2 -2 �*;��� 0�B�3� ��Q E�
q............................................................................................................................3 

1 -3 ���4  �!���	.............................................................................................................................................................3 

   1-3 -1 ���0�B�3�  ���.........................................................................................................................................4 

   1-3 -2 ���0�B�3���Q  ���...................................................................................................................................4 

1 -4 jM�� Z��� ��!��.................................................................................................................................................4 

1 -5 0!������ �� ���4 ���	 Z;�...................................................................................................................................5  

   1-5 -1 �*�*	&���M-����$  ....................................................................................................................................5  

   1-5 -2 ���h��� �4*;���	.........................................................................................................................................7  

   1-5 -3 ��r
� *�-......................................................................................................................................................10  

   1-5 -4 N� c�Ls� +��]......................................................................................................................................11  

   1-5 -5 )�?���� ���� ��3�......................................................................................................................................12  

   1-5 -6 �"#�$ 
 c�Ls�...........................................................................................................................................12  

   1-5 -7  a��� <T: 
  a��� 5�B��� +��]..........................................................................................................14  

1 -6 ���	�
 ����G.........................................................................................................................................................15  

   1-6-1 �������	.........................................................................................................................................................16  

   1-6-2 ��> ����.......................................................................................................................................................17  



 م 

 

   1-6-3 �M�a�-��� ��> ����....................................................................................................................................17  

   1-6-4 �!���	  ������...........................................................................................................................................17  

   1-6-5 �P=�
���!����	  ....................................................................................................................................19  

   1-6-6 ���� [�F(�....................................................................................................................................................21  

   1-6-7 �!����	 
 ��! 
� ����...............................................................................................................................22  

   1-6-8 ��T: �� 
 ����...........................................................................................................................................23  

1 -7 � ���
��t��
'���3! �M�'	 
� �����	  �! �..............................................................................................25  

   1-7 -1 ����
� ���	...................................................................................................................................................25  

)!
 CD� :"���(2 ���(............ .....................................................................................................26  

2 -1 ��*B�......................................................................................................................................................................27  

2 -2 ������	���.............................................................................................................................................................27  

   2-2 -1 �P=�
�������  �	���...............................................................................................................................28  

   2-2 -2 ��������� 
� ���(��� �
��  �!�	���................................................................................................29  

2 -3 ���� a��� 0�  �!...........................................................................................................................................30  

2 -4 5*�����  �!���  �� �	���103Pd..............................................................................................................31  

   2-4 -1  ���� E�g=��103Pd 5*� MED3633...........................................................................................31  

2 -5 K�������� /��,� 
� ��  �!..........................................................................................................................33  

2 -6 �D��R� N�L-�
������  ..................................................................................................................................34  

   2-6-1 !  ���� E*���..........................................................................................................................................47  

      2 -6-1-1 !  ���� E*� i�D�
��������� �� ��..............................................................................................38  

      2 -6-1-2 ��������5��L� [�: 
 
�M��  ......................................................................................................39  

      2 -6-1-3 �A��
� 
 [����
 5��L� [�: �� ��!  ���� E*�  �!����	 X�.............................................40  



 ن 

 

   2-6-2 �� X�� ���Y..................................................................................................................................................41  

      2 -6-2-1 �� X�� ���Y �� ���(��� N�J�.........................................................................................................42  

   2-6-3  ��*;! N��>G(r,θ).................................................................................................................................43  

   2-6-4  �>�L� �� K���g(r)....................................................................................................................................46  

   2-6-5 �  ��?��3�!�� K��F(r,θ)..........................................................................................................................46  

2 -7  ������  �!����
�	 ��

� ��*�  ��� �-
�� ���� b

 �� ���(���.....................................................46  

)�� CD� : ��MCNP..................................................................................................................50  

3 -1 ��*B�......................................................................................................................................................................51  

3 -2 �-
�� ���� b

...................................................................................................................................................51  

3 -3  *�MCNP............................................................................................................................................................52  

   3-3 -1  *� ���
��MCNP......................................................................................................................................52  

   3-3 -2 �4��
  �! *�MCNP.............................................................................................................................52  

3 -4 Z;��
���� 
 �!��3!  �! �............................................................................................................................53  

3 -5  *�  �


 N��$ 
��2��MCNP......................................................................................................................54  

   3-5 -1 �"� E
��5...................................................................................................................................................54  

      3 -5-1-1  
����LIKE.....................................................................................................................................55  

   3-5 -2 uA� E
��...................................................................................................................................................55  

   3-5 -3 E
�� ����.....................................................................................................................................................57  

   3-5 -3-1  �-�3� v�� )�L� E
��(MODE)......................................................................................................57  

   3-5 -3-2  ���� c�#�� E
��(SDEF)...........................................................................................................58  

      3 -5-3-2 -1 E
��SIn........................................................................................................................................58  

      3 -5-3-2 -2  E
��SPn.....................................................................................................................................59  

   3-5 -3-3 �*;;� c�#�� E
�� ����  (Mn)....................................................................................................60  

   3-5 -3-4  �-�3� <��: )�L� E
��(Fn)............................................................................................................61  

      3 -5-3-4 -1  �-��F4...........................................................................................................................................62  

      3 -5-3-4 -2  �-��F6...........................................................................................................................................64  

      3 -5-3-4 -3 �-�� F8...........................................................................................................................................65  



 س 

 

   3-5 -3-5 ������ KAG E
��....................................................................................................................................65  

      3 -5-3-5 -1  ���� KAG E
��(CTME)........................................................................................................66  

      3 -5-3-5 -2  �P=�
�� KAG E
��(NPS).......................................................................................................66  

      3 -5-3-5 -3  5�"� �� 5�"�  a��� KAG(ELPT)........................................................................................66  

   3-5 -3-6  �:
�2  a���  *;� 0�3B� E
��(En)..........................................................................................66  

   3-5 -3-7  E
��DEn/DFn...................................................................................................................................67  

3 -6  *� �:
�2 N��$MCNP...................................................................................................................................69  

3 -7 �-
�� ����  �!�A2 )��=�..............................................................................................................................71  

   3-7 -1 b

�A2 ���� 0�  �!...........................................................................................................................72  

)��;0 CD� :I���� ! �-�� ��&�.................................................................................................73  

4 -1 ��*B�......................................................................................................................................................................74  

4 -2 �D��R� ��T: ��  �� (r,θ).............................................................................................................................75  

4 -3  ��*;! Z��
� K���G(r,θ)..............................................................................................................................81  

   4-3 -1 �D��R��"�"R� b

 �� ��*;! Z��
� K���  ..................................................................................81  

   4-3 -2 �D��R� *� �� ���(��� �� ��*;! Z��
� K���  MCNP..................................................................86  

4 -4 �D��R� *� �� ���(��� �� �>�L� �� K���  MCNP.....................................................................................92  

4 -5 �D��R� *� �� ���(��� ��  ��?��3�!�� K���  MCNP..............................................................................95  

4 -6 �D��R� *� �� ���(��� �� ��!  ���� E*�  MCNP..............................................................................101  

4 -7 �D��R� �� X�� ���Y  Λ................................................................................................................................103  

4 -8 �D��R������  �!����
�	  [�� �$�� [����$ 
�  �..................................................................................104  

   4-8-1 �D��R� *� �� ���(��� �� [�� �$�� 
� �>�L� �� K���  MCNP..................................................105  

   4-8-2 ��D��R��3�!�� K���   *� �� ���(��� �� [�� �$�� [����$ 
�  ��?MCNP...............................111  

   4-8 -3 �D��R� �� X�� ���Y  Λ [�� �$�� [����$ 
�...................................................................................116  

4 -9  ��4 �H��� 
 wR�..........................................................................................................................................117  

  



 ع 

 

C	� *�(;���  �'.%  

1 -1 ���h��� �4*;���	..................................................................................................................................................8  

1 -2  ���=] �� ���� �� 
�D> [�?;! �M�
�� c�Ls�x..........................................................................................13  

1 -3 0�� ��*L��� ���	�
 ���� *.�
 
� �� ���!*;;�.........................................................................................16  

1 -4 �*;;� <T: V�> +3. �� ��T: �� 
 ���� 
�����....................................................................................24  

2 -1 ���� �� i���� ��*;!�����   �	���103Pd � 5*MED3633..............................................................32  

2 -2 ���� E�g�=������  �D��R�  ��� �	��� NM�
�	 VD,  ������  �!����
�	  TG-43.............37  

2 -3 �AB����*��  ��� ������D�-��   ��!  ���� E*�  ��4 NM�
�	 VD,TG-43.....................................38  

2 -4 �D��R�  ��� �*� ��$�4 �x� 
� ��*;!��*;! K���  ............................................................................44  

3 -1 uA� *.�
 �� �*� �
�
 E�
q ��*L�.................................................................................................................62  

4 -1  *� O��� �*�  ��� ��D� ��*;! �� �.�,.MCNP4C.......................................................................76  

4 -2  ��(#  ���
� 
� ��T: ��  �!
�����30 �60  
90 �-�� �� ���(��� �� �:
� *� c"�=�  �!

MCNP............................................................................................................................................................................77  

4 -3  �D3� /_�2�  �!
����� �-�� *#
� +3. ��*F8  
F6  �-�� �� �D3�F4  ���
� 
�  ��(#30 �60 

 
90 �:
�.......................................................................................................................................................................79   

4 -4 ���� &� �� �*� N�34 E�
q ��  �3��AB�  �
�
 �� ��?��3�!  � �� ��� 
�M��*���............82  

4 -5 ��*;!�D��R�  ��� �*� ��$�4 �x� 
�  ���� 
�F� �� N#�. ��*;! K���  �AB�   ��M� 
�  �

�x� �
��...........................................................................................................................................................................83 

4 -6 �������

 �� ���
�M�� 
 NM� �#�G  ��4  .........................................................................................84  

4 -7 ��*;!��� �� ��-�. 
� ���� �� i����  c"�=� N#��$ 
� ����  �! � �� 
��G ���� '��

*;��� �����.....................................................................................................................................................................87  

4 -8 �3��B�  �!
����� *� �� ���(��� �� �*� �D��R� ��*;! K���  MCNP N. 
 ���H� b

 �

��
�� 
� c"�=� E�g�=� 
� +3. �� �"�"R� �:
� �(#  ............................................................................87  

4 -9 �3��B�  �!
����� *� �� ���(��� �� �*� �D��R� ��*;! K���  MCNP N. 
 ���H� b

 �

 E�g�=� 
� +3. �� �"�"R���
�� 
� c"�=�  30  �:
�..............................................................................88  



 ف 

 

4 -10 �3��B�  �!
����� *� �� ���(��� �� �*� �D��R� ��*;! K���  MCNP N. 
 ���H� b

 �

��
�� 
� c"�=� E�g�=� 
� +3. �� �"�"R�  60  �:
�..............................................................................88  

4 -11 �3��B�  �!
����� *� �� ���(��� �� �*� �D��R� ��*;! K���  MCNP N. 
 ���H� b

 �

��
�� 
� c"�=� E�g�=� 
� +3. �� �"�"R�  90  �:
�..............................................................................89  

4 -12 �3��B� 
�����*� �*�� ��*� �>�L� �� K���   MCNP��  ����B� ���� b

 &� 
 ���H�

�-
��..................................................................................................................................................................................92  

4 -13  *� �� �*� �D��R� �>�L� �� K��� 
�����MCNP �D��� ����� ��$ �� ����!  5 .........................92  

4 -14  *� �� �*� �D��R�  ��?��3�!�� K���  �!
�����MCNP �"#�$ 
�  1 ����� 
� ���� ��  ���

c"�=�  ���
�.................................................................................................................................................................97  

4 -15  *� �� �*� �D��R�  ��?��3�!�� K���  �!
�����MCNP �"#�$ 
�  2 ����� 
� ���� ��  ���

c"�=�  ���
�.................................................................................................................................................................98  

4 -16  *� �� �*� �D��R�  ��?��3�!�� K���  �!
�����MCNP �"#�$ 
�  3 ����� 
� ���� ��  ���

�=�  ���
�c".................................................................................................................................................................98  

4 -17  *� �� �*� �D��R�  ��?��3�!�� K���  �!
�����MCNP �"#�$ 
�  4 ����� 
� ���� ��  ���

�c"�=�  ���
.................................................................................................................................................................99  

4 -18  *� �� �*� �D��R�  ��?��3�!�� K���  �!
�����MCNP �"#�$ 
�  5 ����� ��  ��� 
� ����

c"�=�  ���
�.................................................................................................................................................................99  

4 -19 �"#�$ +3. �� ��!  ���� E*� 
 ��!  ���� X��  �!
�����...........................................................101  

4 -20  <� [����$ 
 [�� �$�� [����$ 
� �>�L� �� K��� 
�����.........................................................................105  

4 -21 ��$ �� �D3� �$�� [����$ �>�L� �� K��� *# 
� +3. �� �D3� /_�2� 
�����<� [��................106  

4 -22  c"�=� �����
� 
� [�� �$�� [����$ 
 <� [����$ 
�  ��� ��D� �� N#�.  ��?��3�!�� K��� 
�����

........................................................................................................................................................................................112  

4 -23  �� �D3� [�� �$�� [����$ 
� �*� �D��R�  ��?��3�!�� K��� *#
� +3. �� �D3� /_�2� 
�����

<� [����$......................................................................................................................................................................114  

 

 

 

 



 ص 

 

B!�  *�(;���  �'.%  

2 -2 0��J�	 ���	�
 &�  ��� �� ����$ �! E*� 
  a��� c�,-103..............................................................32  

2 -3 ���
 *#
� +3. �� ������ �"	 E�D����....................................................................................................32  

2 -4 �
�*����� &�2  ��! E�D����........................................................................................................................33  

2 -5 �����D��R�  �! NM�
�	 
 ��;� b

 
� �� X��  TG-43............................................................  

3 -1  *� 
� ���(��� �
�� @�A� �� �sL�MCNP................................................................................................56  

3 -2 �����  �!��d�..................................................................................................................................................60  

3 -3 �-�� *�  �!MCNP...........................................................................................................................................65  

3 -4 E
�� *� 
� ������ KAG  �!MCNP..............................................................................................................68  

3 -5 �� �� ����$ 
�� N�*D� +���]..........................................................................................................................68  

3 -6  *� �:
�2 N��$ �� i���� E�>_,�MCNP................................................................................................70  

3 -7 ��
*R�<��: ��(��  ��� �D3�  �!�A2   *� 
� �!MCNP..............................................................71  

4 -1 2

0 0

( , )

( , )

G r
r

G r

θ
θ

× ���� &�  ��� ��"�"R� b

 �� �*� �D��R�0��J�	 �	��� �����  -103 5*� 

MED3633.....................................................................................................................................................................86  

4 -2 2

0 0

( , )

( , )

G r
r

G r

θ
θ

× ���� &�  ��� ����H� �-�. 
� �*� �D��R�0��J�	 �	��� �����  -103  5*�

.MED3633....................................................................................................................................................................86  

3 -4 2

0 0

( , )

( , )

G r
r

G r

θ
θ

× ��D� �� ���(��� �� ��*� �D��R�*� ��  ��� MCNP ���� &�  ���	��� �����   �

0��J�	-103  5*�MED3633..................................................................................................................................92  

4 -4 �����!�A2 �� ����! ���� ��$ �� N#�. +���]........................................................................................94  

4 -5 ���*�� ��4���� �>�L� �� K��� �� i���� �*� [�H��  �!�����  0��J�	 �	���-103  5*�

MED3633.....................................................................................................................................................................95  

4 -6 ����  ���  ��?��3�!�� K��������  0��J�	 �	���-103 5*� MED3633 *� �� ���(����� 

MCNP............................................................................................................................................................................96  

4 -7 ����  ���  ��?��3�!�� K��������  0��J�	 �	���-103 5*� MED3633 E�D��R� �� ���(����� 

TLD.................................................................................................................................................................................96  



 ق 

 

4 -8 ����  ���  ��?��3�!�� K��������  0��J�	 �	���-103 5*� MED3633  E�D��R� �� ���(�����

����O��� �-
�� Li and Fan....................................................................................................................................97  

4 -9 ����  ��� ���?�� �� �*� N#�. u���� �� ����! 
�� )�� 
� �*� �D��R� �� X�� ���Y �3��B�  

5*� �	��� ����� MED3633..................................................................................................................................103  

4 -10  �-�?� �� [�� �$�� �*;!� N�M�� �#�;> ���
 *#
� 
 ���� +����04/1 ����� �� [�4 ���

+LM�.............................................................................................................................................................................104  

4 -11 *� �� ���(��� �� [�� �$�� 
� ��>�L� �� K��� MCNP...........................................................................105  

4 -12 �$�� [����$ 
� �>�L� �� K��� ���� ��$ �� N#�. +���] �����!�A2 �� ����! [��...................110  

4 -13 *� �� ���(��� �� [�� �$�� [����$ 
�  ��?��3�!�� K��� MCNP ����  ��������  0��J�	 �	��� -

103................................................................................................................................................................................111  

4 -14 ����  ��� <� [����$ �� �D3� [�� �$�� [����$  ��?��3�!�� K��� �D3� /_�2� 
�*B� �;����  

0��J�	 �	��� �����-103  5*�MED3633.........................................................................................................115  

  

  



 ط 

 

���>� 

      ���  �!���	 �� ���(��� �����
� ���	�$�� ���� &��� �� 
 ���� )�� ��  ��� ��� ���,��  �!

��� . �� �4����	� 5�"� �� �
_>5�"� �� ���,��  �!�� +��� '�� 0-��  �!5�"� �`�� �-
 *���
  �!

�� ��� �� �
��
� �
 ��2  ��DF� 0-��*�

� .��	5�"� +��=� 
� )���	  a��� �� �!����,��  �! 

�� 
�� �� �B�>  �!
���� ���
� 
� ��J��  a��� �� �!���	 
 �RA�*�

 . 
��
��� �� �!�4� 

 )�� ��

0!��0!�� O�R� �� �!���	 Z;��� ���!�  �
�� �� ��  a��� 5�B��� �?��?� 
 �*;;� Z;�*���.  �� �M�

b

� ����
� ���	  �!������ �	�����,�� ���
� 
� ��F� ZB� �� *��� �"�: �� c"�=� �.���  �!

�
�� ���Q 
 ���4 �'d� �E���
�	 .����� b

 
� �	����
�� E
�(�� �"#� .���	 �5
� b

 �

� �!�

��(.��  ����� ��� 
� �� *�����(. �

� ���������
  �!�� 
��G �!
���� 
��: 
� �*�  �! 
 ���4

�� 
��G  ��4���	 e�L� 
� �
 ��*!� .[
� b

� ������

� �	���  ��� �$�M����� �� 
� ��  �!

�� ����� 
���� 0H. 
� \���B�3� ���������
��� .���� ��
������  �!������34 
�, �� �	��� 
�  �

 
���� ���
��� ���(��� �!� )�����;� �*���
b

 �f��*�  ��� V�G�  �!  
� V�G� �� K���� ��

�

���� )�� /��,����
 ���!� �� �!��� 
��
�2��  � . NM�
�	TG-43  �� �M���� �M�'	 &�'�$ )�H��

���� /��,� 
� �� K���� ��

� ��*� 
� ���� )���-
�*�� ���;>�����  �! �� ���(��� �� �	���

���*�� &�� �� � ������  �!
����$b

 �� 
 ���H�  ��4��D�  �!����  �!*�  ��� [����$ 
� �-
��

�� ��*� <� �2��;M�*�� .�� ����  ������  �!����
�	 �NM�
�	 )�� VD,����� c"�=�  �! �	���

�����(��� �� NDG �3���b

 �� �M�;�"�   ��D� �� ���H�*��� �D��R�  ��� . [����$ �� ���(���

<� �2��;M���  �!����
�	 V�BR� 
� ���3G  ���  ���� E�D���� 
 �-�?�  �
�� �� �*� c"�=�  �!

�� ��
�(���� *;���*�� <�3. �� �A2 K��;� �� �M� *���� .�3��B� 
 ��
�� �� Z!
�	 )�� 
�  

�� 0! �� &��'� E�D���� 
 �-�?�  �
�� �� <� [����$ �� �*� �$�� [����$  ������  �!����
�	 *;���

 
 ��� �*� ��2���	��� �*� b
�'4 �-�. 
� )�� �� ���(���  �A2 *#
�.  )�� 5
� Ng$ 
� )�����;�



 ي 

 

�!���	 &�'�$ ���D� �� Z!
�	 0!�� 
��
��� )����F� �� ���� �� �!���	  a��� 5�B��� �?��?� 
 �� Z;�

��� �*� ��2���	 ��� ���� .����� �
��
� [
� Ng$ 
��P=�
�� ��	������� ��	�� �����    �! �
��

����� 
� ���(���N�L-�
���� 
 �	�������  ������  �!����
�	 E�D��R�  ��� �� ���!�����  �!-

�� �M�;�"� ���
�� �� NDG �	����! O��� ��  ��� �*� ��#�� �M���� �M�'	 &�'�$ )�H����2���	0�� .

�4*�P�	 N�-� �� N�> 
�  ������  �!����
�	 E�D��R�0!��  �!��	 Z;� 
� 
 ��� 
���� �$�� �� �!�

�"#�$  ���� 
�D�>� �� ���� �� �*� N�34  �!���	  ��?��3�!�� N�-� �� ���� �� &��'�  �!

��D� O��� �,����  �!����
�	 E�D��R� 

 )�� �� ��� 
��
�2��  ����h���  �!*� �� ���(��� ��  ���

*;���$ [��� ����  �!0!
 �� �
 ���� �� �!���	 Z;����� b
�� �D��R� �-
��*;� �� ���(������ . *�

MCNP4C، ��D�  �!*� )�� �� �M���  ����D��R�  ��� �� �� �� *���  ������  �!����
�	  

������ �� ��� �*� ���(��� Z!
�	 )�� 
� ���(��� �
��   b

 �*� )�� �$�L� �� [�� Ng$ 
� 

 )

������-
�� 2 
  �


 N��$ 
��2�� 
 *� �:
�...��2���	0�� .��D� �� i���� [
�F� Ng$ 
� ��� 
 �!

�� �*� [�H�� ^����*��� .)�� �� �:�� �� &�'�$ )�H�� N�L-�
���� VD,  ������  �!����
�	 )��L� ��

���� �M�'	�'� N�-� �� <� O�R� 
� �M�� [�H�� �*� �$�� �� �-�?� 
 E�D���� �M� ��� )�����;�

�!����
�	�D��R� �� jh� 
 ���� �D��R� <� [����$ 
� �
  ������   �$�� [����$ 
� �!����
�	 )��  

��2���	 [��0�� .��D� �� N#�. ^���� ����� ���� �! �� *!� [����$ 
�  ������  �!����
�	 E�D��R�

 [����$ �� ���(��� E�D��R�  �A2 
 *�
�� ���2 �B��A� 0!�� [�� �$��  �: �� <� [�� �$��  �: �� <�

 �
*.4 �� *#
�*���]23 �47 �6[ . 

 

 

 

 

 



١ 

 

   

  

  

  

  

  

 

 

 

 

 

  

  

  

  

  

 ��� اول

�	
��� �
��� 



٢ 

 

1-1 ���>�  

      ���	 ���
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 �2�;� ��!0!�� [�?;! �!���	 ��� *��� �� Z;�
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 �M�'�$ ��
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Z���
 �! 0!�� �?��?�Z;� �	�
 �� ���� �� Z�����3! ���� 0��. )����G 
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 ��2  a��*!�.  ��*;� �
q �� �!

E

�H� 
�  ����� ���� *��� �� /�# 0�� &�0!�� 5���.� 
 *;��
��M-� �� Z;��� ��  �! ����� 0
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� )������� �(-� Z��� ��� �� ��� ����� Z��� ��� 
 ��� Z��� �� ����� ��� �� ��

*��� ���4 Z���. [�� N��>� ��� ���� <�=���. �� ��
��M-� �-�?� ��  ���� �
 Z��� ���� ����� �!

�� cG���*;;�. ��3! Z��� 0F� �Y��$�� �� \�#�g=� ���� ��  ���� )�� ��3��  �! ��3! Z��� ��  �

� a��� ���� ��� �� �� ����� ��H�� ���!� ���! �� *;�0�5�M-�� �� �!*�
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  a��� )�� ��
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�0!���� E
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1-3 ���2(����S �  

      ����	 5*� VD,  �"���|���!  *�
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�� ��� ��2 ���	 �-�. �����4 . �� �*� N�34 ����$"���|���! �� ���4 ���	 �
�"#�$ ��� *;����!����  -
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