
����� ��	
 ��� 
���� ����
 � ������� ���� �� ����� � ���4  "��#$1 �&'( ���63 �+ 80 )8139(  

 

 ���������	
��

� ���� ����� ��1    

  

������� �	
��
�  

  

�����  

"���	
 12"3  45   
�2 � �6
 �  7���� 
�8 �9 :�� ;9 ��<�+ � �� ��� 4 �

 "��� ��� ��$3 �
  �� �<���
 :��  

�9 4
�8 =��
  3������ "7��	+ 12 ���	
" �>'? 

 ��$. #� A��B"���	
 12" 
���
 �:�� � �� �9�#C  � �� 45  � 

      .45   "��>D  E�'+  =2 ��<�+ � �� �� 4F 9� G�&
 H9�I+ = J�
 =� � =�� C  4$  ���  45 ���C �  K���'
 "12 ���	
"  

AL#
 4MMM5   ������ =2  � � ��  A9JN9�� =���  ��<�+ "�9��   ��   �:�� �N9� �MMM5�� J�NC ��  ���.   �����A9   �9��  O�MMM( 

�
�C���J9�  � ��
 ���	
 12 7��	+�? � �P �QC.���  A9  �� ��>$ �C3  �>�  	
 12 7��	+ "�6<�� ���������   
5 ��� �$ �� .

1�I>C  "��'>MM5  9�� ���	
 12 7��	+ � � RS
�Q��� �6T�
 �  U�&< MM$�� . �� ��V
����  12 7��	+ 1�I>C  �� �W�


 ���	
 ��C�
3
9 XY 4��
  ��8 9� G�&
 Z'R � 
9 XY 4�#��R [R 3
9 XY � �
 4
S5  3
9 XY 
9�'� 4F ���+  .��$  

9�� 1�I>C  A9  �� A��B#��  �6D � O�\>MM$  ]�MM^�
   .��MM$ �>D�?�QC �� K� ��MM�� ���V
���� K�Q�+ 12 7��	+ "����


 ���	��C�
    45 ��5�6T�
 ���4#�P 3�  O�_ &
 �C ��9 � �� X?���   3������ � �9�
�5 48�5 �9� �� �� X?� �� � ���

 7 �� �2.
9 XY K9`� ���\+ � ���	
 1 9�� ���	
 12 7��	+ ���� � ��� a��9 XY � �
 ]�C � ��<�+ ��� ����MM�� �� 


 ���\+���9 	
 12 7��	+ ��5�&
 "�&C ���� �b�? . ���V
�� ��� ��   4F�C A$��3 �
  9��C� � � O�L$  A9 �� �� A
 �3  �L��

45  ��: K�#_+�	+ O�(  �� = ��?K�#_+ �+ �C�$ ��$2 ���	
 12 7����  �C���?2��N�      .�C 

����:����� ���  3
9 XY 4��
 3
9 XY 4�#��R [R 3
9 XY � �
 4
S5 � G�&
 Z'R94F3 
9 XY 
9�'���8.  

  

�����  

 �
�� �
���� ��� 
��"����  !""   

   ��:�� ;9 ��<�+ � �� �� 
�2 � �6
 
�8 
��C �94 � ���� 

 "��� ��$" ���	
 12"  

 �>'?) ��$5(.  � ��

�C�#C ���� ;9 ��<�+ � �� 45  AL#
���? ��?3  �<�5�? 4$�? ���� ;9 ��<�+ � �� � H�L
 �>
 ;95 �+10 
 H�L
 �>

2.��$ d�_
 1  

 

1-  f9��+ :4D�9��20/1/97                                                            :a�9X� f9��+27/10/97 

2- "��F9�C :;�C��>L<  4F� 3O�kF
 �sepas@shirazu.ac.ir 

3- �l� �>5��� =�>FN���D ���� ���m#� 

S5  = �9  � ��>5  "�N�C � � ��$.  

  



n�o5" �8  

64 

 


>��( � 
9 XY ���:�� � � �
 7��	+ =�9�� �� ���( ������� �  ���	
 12 =�9��������� �� "���� ������ �" 

 :���� � ������� p�� �� .�� � =�9�����

 "�J< ���
 �N9� ���:�� ��<�+ � ��  � =2 O���
 ��C �+� �� � .�C��? ���

#��B

 12 ����
 ���#� �� ������� A� ��C �+2 ����
 �C� � = � �D 12 �� ���C �� :�� =��� �� � �� "��� Z'R  � ��8 
�

.����L� ��8 
�2 ����
 �� ���D �  � �� � ������� "���� 4F�C ��:K>R ��� ��  �6D � � ���#� �9 
�2 �+ ��$�� 12 �

�� �  .��$�� ���	
 12 "����3O�q
 � �� 

 �� � 7����
 � ��
  ��C�� ���� �����3 ��83 12 �� ����� A9  �� � 45  ��

>F� 12 K� ���F� (A�TF�D) "JY � =��  ��C�
 
9��������3 �
  �J�5 � 7����
 � �� 

 ���( 12 7��	+ =�9�� �� .����

12 ��C�
 
���#� �:�� �  "��'>5  ���	
3 "�?�9� � ��� �4F9
T�&
���m� ���_>P  � 
��#>�  3���5 

 �  .��$��5 

�N9� 3����� ��<�+ �� K� 12 �� ��O�_&
��� 12=2 7 ���( � �� ��"�m�

 ���?����"��P � ������ A�� 7��	+ . ��



� �C �+�<J�
 � ���5� ���m� � �� � "���� �� 
�2 4��
  312 d�_
K� �����G�&
 �� ���D ���� � 12 [9�� �  4F9�

H5��
 �� ��<�+=�L
 A9�+�$�� �� )20316 321 322(.  

=:r 1 )6 37( 

 ���	
 12 7��	+ �� � � =��C+ �� 12 �9�$ ���#� � �� 
�LF
 �C �+O�_&
 ��<����  �������

�N����� A9  .�$��  � "� � s�^�+  � (J�5 12) = ��� �9 t�8 12 � (
�2 12) 
��
��9� � 
&T5 A9��$ 12 �� �L+  = J�


  � 12 ���#� = ��� � �6
 ��12 [9�� �  K�A9��$A�� � �� �7 �� � �� ��9� = J�
 ���	
 12 O�_&
) (
9 XY ���

=�L
 

 �9X�TF�D � =��  ��C�
 12 K� ������� �  �� ��+ .�C �45��5 �C���?2 
<�\$  A�"��mC ���  � 
9���� �C   =2 ��

 ���� [9�� � O�_&
 7 ���(12 ��� ��u��� �D�(12 d�_
 �� 
9�� 

O�_&
 p�� �� �C�$"�m� �� 
9�� 12 ���

�C� � 
9:��  � 

 ���(.����  


5������  �>FLv�2 )12( 52 
P�$ 1��� 3
9�L9�
2 ������� �  ���	
 12 7 ���( �>��� �� � � =��C � ��

 
���� � �J��
 ���52 � 
��Y �����  3�69�D  O�#$ �� K� 7 �� � �>��� � "��� ��5�C��P 45 � = J�
 . ���	
 12 =�9�

 
9 XY � �
 �� 700  �+1100 ���� H�L
 �>
�� �2 �� 45  "�$ "�� A�#I+ O�5 �

 
C�m� 7��	+ ���5  � =2 �C �+

 �� �� �� �  ��� ���)9 314(. A�#I+��<�  ��� G5�+ 
�w  = ��L#� �3 )18 (

 =��C^�R O�R �� �� ��� sT5 �� �


C�m�3  �C:�5455  ���� H�L
 �>
� 12V�<� � .45  "�$ "��8x ���	
 12 =�9��  

  

 ����� �� �����– ���
  
���!  

����
 �  ���	
 12 7 �� � O�(  .45  �>D�? � �P 
�FC 49J
 �9�� �� 
C�m� 7��	+ n�5 "���  7 �� � 
��	+

�� �� .45  "�$ = ��� 12 K� ������� �� 12 ���#� =2 �� �� 45  �>D�? 7y�C 7SY "�9� �� 
9 XY � �
 �����     

K�Z'R � 
9 XY � �
 ��<�+ � �� 12 ���#� �L�� ���C ���	
 12 7 �� � H��
 
�FC 49J
 �� 45  AL#
 12  7��W

�	+ � 
9 XY � �
 7 �� � H��
 
��#>� ��$ ���	
 12 7� )16(.  

 z���
 ���	
 12 7��	+ �� V9�#+ �$� �  
�I� ��� 
9 XY 4��
  4�#�  �9 JD �� �� 45  
9�����  �$�

��� 4��#���� 7��	+ A9  �� V9�#+ .��>F� �� �
 12 ���#� �� =�JD  � �

 �9 JD  ��� ���9  �9���#$   ������ �  
��C

���( 7SY 
�(  "����>F� �� �������� � ������ �  ����F� p��"  
9 XY � �
 
�( ��>F� .  

 

1 . Allan                                                                       2. Hoekstra                                                                        3. Oki et al. 



 K���'
�
�C�� � �� �J9����	
 12  

  65 

 

��	+ ���	
 12 7=�JD  

 =�m� sT5 �� .��$ {9��+ K� J9��2 �^�R sT5 �� �C �+K>F�5 ������� ���

K� � ��6D ������� 12=24F�C �>D���� =��b����� A9  �� V�5 � 
<�FL�8 G9 �$ �� .��#� � �� � ���� 
9 XY � �
 �

�� 9��� � � 7 �� � ���5�;#� �9�$ A�
y+ 
9 XY � �
 ���

 E�'+  
T&P 7��( A9  ��Y �� ��>D .  �� ���C ������ A9 

� �C� � 12 ����
 49�9�
�C�? � � �� ��=2 � �� ���m� ���_>P  �
2����
 ��C �>� �+ ��$ V(�R ��  �9�8 � ��  � ��: 
<�


 A�
y+ 
9 XY � �
�� A9  .��T5 �� 45  ��: �m�+ �C ]�^�
C�m� s
 ���? � �P �QC �
3 � V8 � �� �L�9 sT5 �� ���� ;

�^�RJ9��2 ��� 

 K� �� A�b � ��� ��C�
 
9������ � �� .��$ �>D�? �QC �� �C �+��<�+ |<�8�C ��<�+ 
�
  �+ A�9��

G5�>
3 S6>5  � ��6+ [R ��kF
 �� �>��� ���	
 12 7��	+ ]�^�
 �  O

 z��+�  
9 XY 4��
  �QC� .���9 � A�#�V�<�3 

�5 �� 45  AL#
 ������ A9  ���9�
�9� ��
  � �� 
>'N�� �� X? ��$ ��	C  
9��� �
 
9 XY � �
 ��<�+ ���9 �9 JD  
�&


<�R �� ���_>P  �QC �  ���9�$ ����+.�$��C �9X� 

 ���	
 12 7��	+ G9 �$ A9  �� �C �+�6C �� JN9�� �QC �� A9

A9  �9 ��$ �>D�? V}�F
 � ���� OS6>5  �QC �  ������� �  
�
 4��
  �.��$ ��  

VL�

9�� K� ������� � �� �� ���	
 12 7 �� � �W  �� 12=�JD  � 
<�
 ����
 A�
y+ �� �

 ���� ��+���� �92

� :  

{< -  ������� �� 
N>F� � �9 JD  ���("����.  

1-  7��( ��
C �+�C  
�8 � ������� 34��P�V�<� ��  7 �� � 
9 XY � �
H�52 

.����  

~- ������� ���( 45  AL#
 "������ � ������� ��
  �� ��8 �
 "������.��  

7- 
+��( ��K� ���� �� HF�  � ��: ���  ����
 37 ���( [9�� �  �C �>C 12��� H�5 45  AL#
 7 �� �  ����
 ����

$ ���� ���  .��  

!" ��# �
  

��<�+ ;9 ���	
 12 = J�
3 �NC���  �W  = J�
4F9�T�&

  ��<�+ =2 d�_
45   
��?2 . ���	
 12 = J�
 �



 |I�
 ��:��
#	R �b ��:�� ��<�+ � �� �� ��� 45  ��: 12 � . 

 ;#� A9 ����� �� �����$ ����
  �b ��<�+


9:��  ��  � ��Wy+ A9�>��� �C�Nb � �>$ � 12 ����
 K>F�5

 .��� 
9�� �D�( 12 d�_
 �� = �+�>5 � A9  ��   �>FLv�

� ���C1 )11 (�ST(  "12 ��� ��" "��� 
D��
  �V� .�C  2C�9�#C 
�&
 ����
 �  "�$ d�_
 1 �  4�
 ;9 12 d�_
 �N

 
C�m� 12 ����
4F�C =2 � �6
 �$�� "�$ �� � ����� �� ���	
 12 �?  .�9��  
�8 � 12 ����
 �  "�$ d�_
 12 V� ��

�
 �  ���� =2 "��'>5  = J�
 �+ ��$ "��JD  ���� =2#� .��� =��C  � =�m� 
�2 ��� ���	
 12 7 ���( = J�
 A��B�9�� 

<�8 � 
�
 "�$ d�_
 12 ]�#	
 .��$ �>5�� 
�8 � "�$ d�_
 12 �  � 
+ �� � ���	
 12 V^�'+) ���	
 12 |

 ( 
+ ���("��  12 ���"  ���� ;945  ."�� 12 ���"   �W  =� � =��C � �� 
+��P �� ���5� 4F9�T�&

  �� 12 d�_


 � 
���� ����
 ���
45 #� . = J�
 �  
��?2 A��B"12 ��� ��" P� "��'>5  t�&
 12 �  �>6�45  ."12 ��� ��"   ��

�I� ���"
�2"3 "J�5"  �">F��8��" 

 K�F6+.��$  

{< - "
�2 12 ��� ��"  �"��>F��8" 

�
�C�� �� �C �+7�
 "�+�� �� 12 ����
 |�_I+ � �J9� � 7�
 ���� � � "��� ���

.��$  

 

1.  Hoekstra and Hung 



n�o5" �8  

66 

 

1- "J�5 12 ��� ��" 

���� �� �C �+���� ��� ������ 7�
A�
��� �
�C�� ���
 49�9�
 � �J9�� 12 ��� ����  .��$ "���

"12 ��� ��" 

�^�R � �� �C �+.��$ J��#>
 � �D  � 4��( 3J9��2 ��� 

 ~-  "�?2 ���
O�#�
 ��� �� PS��:�� 7 �� � �� ��
 4���� � �>5�� 7�
�8 � ����>F�. 

 !""��""$  "%&�"  �"��'(���" �  ���
��)� ���  

 ���	
 12

 �C �+ ��3  K�F6+ �I���$ )9( 12 
L9 ."
�2" 12)9J? �� 45  (
&T5 � 
��
��9� ����� ���

=2 ��5�+ � �� ����>
�� � ���� ��3  �9� =2 O�6>C  � 
5�>5�
<�R �� .�� � ���9� d�T�C  4����P �� d�T�C  4����P ��

 12"J�5"  45  �>#� 
��8 (t�8 12) �9�  "��'>5  =����? � �� G6D

��$ 12 ."
�2" _
 � ��d���� >I
 ��C�
 {�

"��'>5  4F9� G�&
 � 4��( 3������� 31�$ 12�9X� 45 3 �
   12 ���
 ��"J�5" ��9J? A��b� ����>
 ��� ���

 .�� �CG6D  12"J�5" �$�� � �� K9� "�$ 4�� =����? � K9� 
���� ���

 "��� ��� ����$.  



 =��C ]�^�
 A9  49�9�
 � �� �� ���"J�5 12 "9���  ������ � "��? ]�CA�
����\+  � �� � � �
+��( � ��


#C�� 
#� �QC �  = �+ �
�C� �+  � ��� ��	9  ����\+ 12 G6D

��	9  ���\+ =2 ������ 4�'�� �� = �+ .���    

���
 �� ��9J? ��>F��8 12�� �C ���� ��5�+ � �� ����>
 ���3  �9� �9�
�5 =2 O�6>C  � 
5�>5� � "��� �� � 

d�T�C ��9X�  �����2 � J�5 ��lD �� "��'>5  � �� �>��� � 45  � ���8�� ��>#�O�_&
���  
� ���9�" �  "��'>5 �9X� 

12 "�'5 �9X\+ �� �9 "��� 
��
��9� ��� =2 � 

 "�'>5 .��$  

 ������ �  ����F� ��� � ��� 
���� �+ �
 VN���� � ���� � K>F�5 � 4��#� ��5�+ 4�� �� ������� ���

VN�� �� 3VN�� A9 K>F�5 � �� ������� ��� =2 �� A9JN9�� 
���� �+ �
"�$�C  a��  � � � �� ��N9� ��� �  ��Y

 
9 XY � �
 ��<�+��C�
 
>F9� ]��+ �  4��'R9 �9�5�D O�>�� 3+ "��'>5  
>R ���	 VN�� �  �.45  #�4<�R A��B 
9��

 .�� �C ���� ��N9� A9JN9�� ��� �QC ���
 "��'>5  � �� �� �� � ����� �� O�q
3 
C�m� ���� �8 =�
��5 ��<�T
1   ��

 K� ���F� = ��� �� 
9 �&( �� K� ��J�  � �� � ���	
 12 7��	+ J� 7��	+ [9�� �  ;�8 ���� A9  � � =��C 
C�>9��


�C�8��� � 

 "� � a���� �� � 
Lb�� ���F��$C� t�C  
�2 ����
 A9  �  "��'>5  � �� 
�9JN9�� ��� G9 �$ A9  �� .� �

�� �C ���� J� a���� J� )8(.  

�	C�9 ��<�+ �<�6
 �� ���$ �����? a���� � �� 7�x � ���$ 3"���	
 12" 

��<�+ ��5 ;9 ���R .�	�? 

 3=�m� �� 7SY648  �  A+ =����
1900 � � � � XY � �� 3��<�+ V� A+ =����
 �

 "��� ���

 =��C �� ��$ ���3 



 d�_
 4$�? ��?���� ;9 ��<�+ � �� ��Y ��?����� � � � XY A9  ��<�+ � �� �� 
�2 � A�
� .��$ � �b) "�$ "��� ���

A�
���� 

 (
�2 �9 K9������� �C �+��� � �$�� �>$ � ��N9� {�>I
 � ���� �F9�6
 ���� � � � 7SY ��<�+ 4�q
 ���

N9�� .�$�� 
'�
 �A9J��� �N9� {�>I
� 

 7SY 4�� � ��VN�� �C �+t��� 3���� � ��N$��? �����Y � ��N$��?

 3��b 3"�mP 3� �<  ��<�+ � �� ���	
 12 .�$�� "��YVIC AY�� �9 

 V(�R = ��� �  "��Y ��� .��$R ���_>P  ����
2 V(�

 A9  � ����<�+ �o+ �:�� �� � ��A�
���� Km
 ���F� � ���$ ��>F� 4<�R A9  �� 12 d�_
 .V�<� ��  ��9 �D �� "��JD  a�� 

 V9��+����<�+ �'�+ �J� ���2 ��  �
#C 1�F&
 7 .�C�$�JD =  A9  3A9  ������<�+  J� ���_>P  
?�C� ��  � � �C�8 = �



 A�
y+ �6T�
��� dS8�� .�VN��VN�� A9  ������ ���\+ 3
9 ��4�� �9�5 �� �� ���9� ��Wy+ ���� �
�C� �+  �6T�
 12

�� �C3 _
 �9�5 � �� 
�2 
��9d��� �D�( �N9� ��� ��
#C 
9����$3 �
  ��  .45  �W�
 �6T�
 ���_>P  � 
T�&
 4��^�

 

1.  FAO 



 K���'
�
�C�� � �� �J9����	
 12  

  67 

 

 �9��C �>�<  ���C 7��( �� �� ��� a�
 �D�����<�+  �6T�
 3(
�Y�� VIC �9 ��b 3"�mP 3� �< ) ������� ���� 
���� �$��

 ��� �� ���F� 
>F9� ]��+ �QC �  �� �>$ � 
�N��45  .  

�� H9�6+ 4�<��D ��#+ � ��������� ���3 �  
8�� JN9��A9��?  ���- �`�<��  ���)(������� 
5��$ �9  ������

  � �>LC A9  .�� � ���� ��N9� A�
��9��  ��K���'
 "���	
 12 "4D�? �QC ��3  A�
� � 12 �� 
�&
 ���D ���C �?  "�9� ��

 1��T
 K� ���#� �>�<  �� �$�� �>$ � ����4F�C .�C�#C � �� 
#C ��Q>C  �� ���A�
����  ��<�+ �� 7�x K9� �9 1�9��D

6D �9 ��$ V9��+ � �< VN�� G��$ ����3 A9  �N
" � ��VR � �� 
9���� K�Q�+ 4��#� � �� ������� K>F�5 � �
2

� �  
L9 .�$�� �>$ � ���� �6T�
 �������V
���� �W ?X�� 3��9 �D A9  �� �  .45  =2 ������� K>F�5 � �>5�� �
2��� 

A9  �  ��� �I� �� n�5  ��V
�����  ���_>P  
>9�9�
– 
��#>�  ������ "����� 
���� ����
 � 
T�&
 3A�
��� 

K�#_+ ���?�� �  ����F� .��V
�����  
�&
�9�� �� �� 
�6C "����� �9�� G9 �$ A9  �� ��$ 
5��� � ���_>P  ����
2

 [R � 
<�
= ������  G�&
 4��'R �� �� �� 
�&


 ���� ���	
 12 � 
>F9� ]��+ ����3 K�#_+ V
��+ A9  .��$ ���?

 ����
 n�5  � �9��  ���	
 12 7��	+ u&�45  .  

*+,- *�./  �����-  �	+�

 ���	
 12 7 ���_>P  
Nb��oL9 ��	9  � �� � "���I� ���m�   � 12 �� 
5�>5� �C �+

� ������� ��5�+ � �� t�&
 ����C � �QRS
 3�>5 � A9  �� .��$ "��� �������  �� 
�&
 7��	+ �  n��6
 ���\+ �W 

�6T�
 37��	+ A9  �� .�� � 4�#�  ���F� � ��� �+  �  = �� V
�����  �����45  12 ��8 O�6>C  .���� ��  � � �

49���&
45  
L9J�D � ���_>P  ���. 49���&
 A9 =2 A9 ����� 3�� � ���� K� ���	
 12 O�6>C  � �� �� "�?�9� �  �b

 A�� ���	
 12 O�6>C  ��QC�6T�
�� ���� 12 K�12 

 ���� ;9 ��$ ��	C  �C �+4�� �� ��9J� ������ �+ C 
�#�4F� .

SY 7 �� � 3������ A9  ��= ��  
>�� �� =�m� ��� �� �  7
 A9  V8 � �  �� 45  =2 �  �+� .��$ V#R =��
�� �� �6T� �



 �QC =��� ���	
 12 
C�m� 7��	+ �� 
�&
 7��	+ �  �m� ;9 
���� ��69�D2 �� �� �5���R�
���  
C��


�6T�
)(�   

 ]�^�
 A9  .�$�� �>$ � �����W  �  
L9 �C �+��� 	
 12 7��	+ 
'�
�6T�
 a��
 � �
  � ��5�+ �� ��� � 

�$�� )25 326( .  

����  !" 0
��1*2���3" !�4'2� :  

���5� ���	
 12 O�( 

 �� 45  � �� ��5�+ �� �C �+9A9JN45��5 �� 
9�� 3
�2 ���� �
  � 
9 XY    

G�&
.��� ;#� 
>F9� 
 "�9� �� 3���	
 12 7��	+ =�L
  A>D�? �QC ��A9JN9�� �  
��5� {�� 3
9 XY � � ��  � ��

45��5 ���

 K� �D 4F9� G�&
 � 12 
>9�9�
<�(  7��P .���
  K���'
 �� 45  A9  �� ���	
 12 "�C��?�� ��

�#����� ���� ;9 �� 12 49�9�
 ��� J9��2 �^�R ;9 �945  [�#� t�� � � �� 12 ������ �  ��+ �� 
9 XY "���

���m�"��>F? ���5 A�� 12 |�_I+ �  ��+d�_
���  ����
 �� 
5�>5� [9�� �  {�>I
2 ���	
 12 7��	+ �� 
���8 1

45 . 

 u��� �����
 A9 ���5� ���	
 12 O�(  �+ ��$+ ��$ �� XN>5��5 � �� �  = �>� ����� �"��>F? ��� �  � 

 49�9�

>F9� G�&
 �� XN>5��5 312 ����
 � �����2 3V
����� A�� 7��	+ A9  �  ����F� =��� �+ .� � ��	C  
��#< 

V
����� � �� XN>5��5 �� � 
9 XY � �
 �� XN>5��5 �� O� �>
 
�#� � 
��	+ ��� ;�8 �#�C ������� �� ����� 

���8 � VR �C��
"�$ V_D 7 ���( �+ ��>D�? ��� ��  � 
>5��5 =��  � 
<�\$  A�TF�D ��C�
 ������ A9  �  
l�� .�C 

��<�+��� �� ������� ����  � 12=2 ��� � �C� XN� ���� �9 "� � �9 ����� � �
 A9  7 �� � ��  � ��O�_&
���  �������



n�o5" �8  

68 

 

�� �� d�_
 �+ ���� ��<�+ :�� �
22���m�  � 1 ���5�� .���� XN>5��5 ]�C A9 3 � 45  AL#
 �� 45  �C���?2 1�I>C  �

  7��(����� � O� �>
  .��$ O��C�  

 
  

��� ��� ����� �� ����� �  
"#�  

���	
 12 7��	+ 45��5 �
�:3 �W  �  V
�� t�����  
N>F� � � 
��#<  A�� 7��	+ K9`� �� z��+�  �� �m�+ �C =2

�� z��+�  �� �L�� ���8 �� 
��#>�  3
�&
 G9 �$ 34F9�
T�&
 
N���D � ���_>P  345  .=�JD   ��9 3A  ���	
 12 7��	+

�9�� �6T�
 � 
�
 3
�&
 
9 XY 4��
  �� �� "�$ �	�
 � 
�:� [D �+ =2���  H5��
 ���	+45  4�
 E�6R ��  � ��

K�#_+ � �� � "��#$ ��>&
 ��8 
9 XY 4��
  ���
 �� ���?������5 �: A�#l+  � 
9 XY � �
 Ak#T
 �9��+ � �� ���.�  

  �5�67 8�9��, :, � �5�67 ��
  8 -� $�5�67 �5�;� �
� $�5�67 8�/ �  

  K�#_+ �� ����� �� ;9 4����P �  45  7���� 
9 XY 4��
  .�� � 4�#��R [R ��8 
9 XY 4��
  � �� ���?

 
5�>5� A�
y+ � �� 4�
2 3
D�� � XY �� ��
�� ��R�� K<�5 � �X\
 

  � 
9 XY 4��
  ."��92 � O�R�� = �+ ��8 
9�L+ 

 [9�� �  
9 XY � �
 ��<�+ �������<�+  �  
����+ �9 
�8 ������<�+ 	9  7 �� � � 
�8 � � �� 
9 XY 4��
  .��� ��

�
�C������ ;9 "��92 �J9� "��>F? �� XN>5��5 �� � 45  ��:�9� ��5�+ � �� ��+548� ��� ��T� ��� A�� ��
���C 
��#< 

#��� ������� "�9� �� .45  
>����C�
 

 �JC��C  � ��� 3A�b �8���8  XY ��<�+ � �� �� �� 
��
 A9�� A9  .��$�� �L+ 

 ���?��� 
9 XY � �
 A�
y+ � �� 
���8 ������� �� 
N>F� � �  �+ ���� ��<�+ ���� V8 �  � 
9 XY � �
 ��#+ �� 45 

��.�� � �������  ��C�
 
9 XY � �
 ��J� ���C �>��� ������ �  �N9� ����F� � A� ` � �L9�
2 3 
9 XY � �
 4
S5 = �N

#� .��>F�A��B ���( ��5�+ O�R �� ������� � �� 4�'�� 3
9 XY � �
 "��������<�+  V9��+ ��9 �D �O�_&
���  
9 XY

=2 
>
S5 ���� ��#� d�_
 � �� �� � � ���� 

  ��� 4�#�� � ������� .���A9  � �� 
9 XY � �
 "������  
9 XY 4��
 



 
�5 ��$�� �>$ � ��� ��� �� �+ ���� 
C�m� � 7 �� � � ��  � ��: ��  �+ ��$�� �>$ � 
5�>5� 7 ���( � �� � 45�

 .�C��2  

      
<�R ��
9 XY � �
 ��<�+ � �� ���� ;9 �� 12 ���#� �� 

 ��	9  49���&
3��� �� sT5 K� ���� ;9 �� �
2

A���+ ��: 
�8 � d�_
 � �� ��5�+ O�R �� ������� �  ���9� � ��+ �� 7SY ��<�+ .45  ���� =2 
9 XY 4��
  "����

5 �9� ��	9  � �� ��: 
<�
 =�L
  ��6D ������� �  ����F� .448�5
 �9�8 �9 1�9��D ������� � �� ��: ��� �  
9 XY � �

.�C� �C  � 
��#<  A�� ���� ��� ����+ �� K9� ������� �� 
L>
 
9 XY 4��
  ���m� ������ A9  ���9� 12 �� �����2 �  
  
��
�

45   ��
?��+  �� A9  "�$ ����
  H��
 ���H�52��� 8x �� ���9�"����� �9� 12=2 
��
� A9 ����� .45  "�$ ���9��  � ��

.���? 7��( ���9� aS+ ������ A9  �� 
9�>5�� ��_>P  � K9� ������� ��5�+  

  ������
 �9�3  ��  � ���	
 12 u&�4 �5�� 

 G�+�
K�#_+ � = � XN>5��5 �� ���=2 �� = ��?�� �� �
 :�C   

�  �9�
�5 �9248�5�9� ��5�+ � �� �� X?
�L�� 3�����2) ��1S�5 �D� 3 K>F�5 � ������ �+ ��: (��8 � �� 
9�L+ 

����+ 
9 XY A9  �9 45  �9X� 45  �>m� ���9�
�5  � �� X?�I� �9�5 � �� �� �  � ��: 
9 XY � �
 � � � ��	C  ��

���� 



 K���'
�
�C�� � �� �J9����	
 12  

  69 

 

�  ��<�+ 3
9 XY 4��
  �QC � � 
5�>5� � 
9 XY � �
 
��#<  A�� � ��� �� 
9 XY � �
 
C�m� =�?���� � ��� ��� A9 

��6b Ak#T
  ���>F���9X��T8 �� � ������� ��+�  �� 
9 XY � �
 "���� ������� �� 
N>F� � �� z��

��<�+����" �  
9 XY � �
 "�������(C� �� 

 �C�Nb �45  ��6b A9  = �+��9X��T8  ��  ����#� C�5� �� 

�  � � ��

 �R �b �+ 
9 XY 4��
  �� =��5 
9 XY � �
 
�8 � ��<�+ �� = �+��  �4$ X? �W  4F9� G�&
 

�   
N>F� � 3"���� �� � ������� ����9X��T8   "��'>5  �� ��
�� 4
S5 � ������� 
9��#�$ � �
 �KP� ���

 �45  ��6b 
L�>C` 4I9� �+ 

 
��#>�  ��� �� � 4F9� G�&
 4
S5 3
9 XY 4��
 V
��9�� �� ��>F� 
�9��  ���	
 12 7��	+ ���<J�
 �� 

���5� �� � 4�<��D � ��  � ��8 ���&
 12 ����
 �� 45  �>m� ������ .�C�$ �>D�? �QC �� 12 �� XN>5��5 ���_>P  ���

�>��� ���_>P  �
2�� �� ��N9� � � ���

� ���2 �� �� � "��� ���� �� �9�8 ���8 �   � 
9 XY � �
 p�� A9  �>�<  .��

 �� �N9� ������� �� �R �  ��� �� ��C �NC ������ �  
L9 .����  ��� 
N>F� � 
9 XY � �
 
��9 ��8 
5�5  ���C �

V
��9��

 �� 
 ���� {�>I
 ������� �� 
9 XY � �
 �  ����>
 ����
 �� 45  A9  ��� ����  � 
N>F� � �T8 �C �+

=2 �  7 �� � �� �� �$�� �>$ � 
l�� �� 
�2 4��^� .��� ���?��� ��_&C  ��$ ��	9  �  = �>� ��� ������ � ���P��  45 

� ��N9� 1�I>C  �� � �  
l�� 7 �� � J� � �
 ] �C  
9 XY���C ���
  � � � �C� � 1�I>C  7��P ������ 
l�� �>�<  .�C� �C �

=2 ��<�+ ����>8 ��� 7 �� � �� V8 � �� ��=��  3�J<�
 ��C�
 �C  � �_
 3�  
8�� �������N9� �.  

  5��5 �QC �  
9 XY 4��
 F� ]�^�
 
�

 ���	
 12 7��	+ � 45  
5�FR ��"��92 �� �9�� � �� ���F
 �C �+ 

 K�5�+ ���������.  � �� �  
l�� �9�8] �C  Y � �
=�m� �� 
9 X 3���� � ��9X��T8  =2 ��9J� �45  ��:  �� = �>� �+

45��5 1�I>C �� X?��� "�+������ � 7�
A9   � 7�
 ��6b ���9�
�5�� X? $��3 K�#_+ .��� ���?  

  ��< � ��='>�  

 ���� �� 4��( � 1�$ � �� 12 ����
 A>D�? � �P n�>5� �������<�+  AL#
 ���	
 12 7 �� � � 
9 XY � �


O�\>$  ���� H�5 45  �>5�� 
?�C� 4�'�� � ������� ��9 A9  ���	
 12 7��	+ O�(  ������ �9�>C �  
L9 .��$ =��

 ��<�+ �� 45 O�_&

9�� �� ���$ ��� �8 � ���8�� ���9� 
�2 4��
  �  :�� �
2. ��<�+ p�� �� O�_&
���  �
2�� ��

12 � A�9�� � ���8�� ��>#� 
�2 4��
  �  ��

$C� .��C�#C � �� �L��C 4��3 �
 �� 
>R "��? A9 �6T
9��  �� ��3  "�


�C� � ���9� = ��� O�5 � 3 �� .�� � ���C 12 ���9� � �6
 d �&C  � �� ��: 
<�
 � 
5��5 7��P � � � �� 
C ������ A9 ���

 �� 12���J
��� 

 s���+  � �L��C 4�� ��>F� ��8 12 �  =��� Km5 �� �� ���C G9 �$ ��	9  u��� �
  A9  .����

�� = ������ A�� �����

.��$  

 �? O�_&
��� K� �� �$�� � �P 7�x � ���? ��C�
 �
2�������<�+ �� �F9�6
 �N9��$ 12 d�_
 � ��
2C A9  �

 �� �� � ���� =�L
 = ������ � � ���O�_&
��� 12�� �� � �� K� �
2O�_&
��� K�12�� �� � �� �C��L� :�� �
2 � ��

�C�#C C ����R���� K���C�o5  12 

 4�� 
��
��9� 12 �� �� 
C ������� �C��� �4�� �� 7�x � �	C�9 ��<�+ ���  ��NC 

�2 ��� =�>9� ��� � "��� d�_
 ��>#� 12 �� �C�� 4�� ��N<  ���\+ K� ����  �9��&+  � ��� �>�<  .45  �>$ � ��>��� �
2

&+  �

 =��C ]�^�
 A9  .45  "��� ;9����\+ A9  �?  �� �����   � 
'�
 ��W�+ A9�>#� ��$ ��	C  45����  �I� O�\>$ 

.4$ � �� �8 �������  



n�o5" �8  

70 

 

 ��� 3�$��C K� �D 4�� ��N<  �� ����\+ A��b �� 
T9 �$

 �9 JD  ������� = �?��� ���L� ����� �� .�9�9

���L�� �� 
���� ��69�D2 ��C�
 ��  �:�� =230 = �?��� A9  � �� �C� � 
#� � �5 K� ���J
 = �?��� H�Y  � 45  %

#C
= �+ 4D�9 ��N9� V\$3 A9  �N
:�kF
 ��+ "�m� �  ==2 
?�C� A�
y�� �� �  
C�m� ��
�� � �� 
T9 �$ A��b .��92

 ��� �D��+ � �C ��9 [9�������<�+ � 7��	+ � ������� �

 ���� O���+ � �� ��� �C�
 �� �92�����<�+  45  �������



 ��  � �6D 3��6D ������� �� �C �+���� A�� �  .  

 =�$ n��6
 ��J� �W  �� O�R �� �������<�+  O�\>$  �9 JD  � 
���C�m$ ��5�+ 3(4��( � 4��) �������

 3���������Y ������� �� VY�$ 4��#�

 ���� �� ���9�9��  .���? � �P �QC �
 �m�+ 3;9JL
 �� K�C ��"�5  �>$X?

 
9�>5�� 4��#�H9�6+ �� 50% ��� 4��#� V�3 �
   ���R "���
 22%  ���� O�R �� �45  "���
  �L9�
2 �� .2  �+3%  � 

 45  ���P =2 4��#�97  �+98% J�C  � 
9 XY � �
 � ��� � ��� �9X\+  � 4��#� �   �� (���	
 12 7��	+ 
��9) .�� � 45�

A9 ����� ���\+���  
��#>� V�<� ��  ������ A9�+��6D �� ���	
 12 7��	+�9�� �$ 
5��� 4P� ���.  � ��5  �N9� A9  �? 

VL�
��� �6<�� �#� ��  "��$ "� � K�#�+ ������ 3�T8��� �� �8 
?�J� �.  

8����*�./  ��� ��  

45��5 �  
�I� ���	
 12 7��	+ ���A�� � ��� 7 ��6
 �� �� "��� 
�2 
C�m� 7��	+ =�
��5 "���
  �� 
��#< 

=2 �� �P�� �� 
�5

 �����3  �� 
C��� ���	+ G9 �$ � �lD .45  �>F� ���>5 � ���	
 12 7��	+ a�>F? �  49�#R 3

��9J?  
�5��
45��5 ��X? ��6D ������� �'C �� 
�2 �� 4F�C���
� A9  �� . ��
  3� ��� �� 
5�>5� 37��	+ 
��C�
�5 3

 �#� ���  � 
<�
�9�� �$ �>D�? �QC ��C.�  

  �C ��9 K>F�5� 7 �� � � �� 
��#? �D��+ � ������� ����L9�
2 �� "�9� � 3
 A9�>?�J� ����  �9��&+  � A� `�C���� 

 49���&
 � � �2 7��	+ ���	
 12 7��	+ � ��� ��5�+ � ��45 �C ��9 = J�
 . ������� �  ������� ��� =�
��5 �l�

���L#� 3����  �  ��C�� 3�L9�
2) ��5�+ � ���_>P  ��� ;9 �C ���"�#� �W  (
9�L9�
2 �:� ������
4#�P �� �  ��������<�+ 

�� � �������� �  ���_>P  �
2��<�+ ��^ �� ������.�� � ��5�+ O�R �� ������� �� =�?����  


9�������� ���	
 12 7��	+ 45��5 ���6T�
 A�� ��� :�� � 
C�m� sT5 �� �   

� 

 �9 JD   � ������ A�� 
N>F� �.��� 

� P ���##� � =�m� �� 
9 XY � �
 4��B7��	+ ����N>'? �� A [D �+ 
C�m� 7��	+ � 
��#? E�6R ���   

��Wy+ .45  � X? 

�  �^�
 �� ���	
 
�2 7��	+ ]�^�
 �P � ��"=�$ 
C�m�"  � "��� G�+�
�QRS
��� >5��5 A�� ��#� � = � �#



 �9 JD   � ���
���3 m� 7��	+ �9 JD   �9�4�
 A�� 
N>F� � �9 JD  H��
 
C�

 �� ]�^�
 A�#� .��$



C �+ �;9 �6C ��  
<�#>R  ������8�� �9 ���L#� � �� t�&
�$��. 

   ��9J? ��N9� �����>5 � ��  ��_>P  =�$ 
C�m��9�� �9 ��5�+�� 49�#R � "��
�2 3            �����L9�� .��$

�6T�
 7��	+ �� �C �
 �  ����F� .��>F� 
5��� V��P =�$ 
C�m� � �� � 2V9�#+ ��5�+ �� ���	
 1���  �� 
5��5

[D �+ �� �	�
��� �9��6T�
 A�� "��� 3{�>I
 ���t��� 
>R � t�>�
 � ��� ����

 ���	+ {�>I
 ��� �>$ ��� ��$



��$t�>�
 ����
 �� ���C ]�^�
 A9  ..�� � 
5��5 7��W � ��#>�  3  



 K���'
�
�C�� � �� �J9����	
 12  

  71 

 

   ���	
 12 7��	+ ���9�� �� 12 ��  ������� V9�#+ � 12 K� ������� 
9 XY � �
 7 �� � ������C  A9  ��<�+

7��(�� �+ ��$ �>D�? �QC �� �����C =��� H5��
  G9 �$K��P  t�8 �3 
>#�P �� � �
 A9  �� 3���� � �� "���� �� � ���

 
�>D�9X�
+��( �� A9 ����� .��$ ��<�+ 3�$�� C �>� ������ ���XY � �
 ��� �� � 
9 ��3 5  AL#
 
>RK� �� ����� 4 
�2

�$�� �� �
3 �
  O�_&
���   � ��8 
5�5 ��� ��<�+ �C �>�� 
9 XY � �
 �� ���	+ G� �� �� ��+ . �A9  

 �� 4��P ����? 


C�m� 4��P� ���� �� ��Y 7 ��6
 ��

 ��	C  �C�'_�
� �� ��9� ���	
 12 7� ��( �� ������� .��$ � �+�
�C�  ������� 
�2



 ;#� �N9� �� �� ��>F� 
9������ 3����V�<���� ��L��C 7���#� �� ��N9�9 XY � �
 7��	+ �� �C 

 Km>
 
 .�C�$

� �� �� ���? 
5��5 4���+ H�5 � "�$ 
9 XY � �
 � ��� �� ��_&C  H��
 45  AL#
 7SY J��#>
 7 �� � "�C� ��

45  
5��5 
N>F� � )23 .(
+��( ��K�#_+ K>F�5 � 7 ��6
 ��$�� �>$ � [D �+ =2 �� �#� �� 
6�P� ���? K�Q�+ ��

� ��>��� ������8�� 3��\>
 4��5 �� ���C� �� 3���C �

 �����92 )10.( ������
 "�$ ��9  �I� A9  ��  
5��5 �QC �

J�NC �� 4�5�FR ��>F� A9  "�9� �� 
9 XY � �
 4#�P ��V�<� ��  �C ��9 ������� ������� �:�����(���A�9�� :�� "� 

45   
�9�I+ �W  �>LC A9  ��� .�� � 
9 XY � �
 "���� �� � ������� ������� ��5�+  

  

 ���	
 12 7��	+ O�(  �C �+
8��  � �� �$���� A��K� 
��#<  ��� VR �9 "� � ����  � 
�29 �L��� �

 VL�
��	9  .���  3�
  A9  �� 4�6D�
 � ��������
  3
5��5 � ���_>P  3
�D�9�� ?  .��$ 
5��� � u&�������� �   

K�� �� �C�$ [9��+ 12 �
9 XY � �
 3��<�+ � ��8 ���&
 12 �  "��'>5  ���=2 3��  �  �� ����� �^�6+A�� � � �� 
��#< 

����� � �� � �>D�9 �9 JD  
9 XY � �
�� �� A9  12

 ��	9   � "J�NC  �� ��������<�+  ��8 �������� .���� a�>F?  

 �^�R ��A�� J9��2 �� 45�:�� ���� 3(���� ��b A�� t�>�
) 
��#< 
�FC ��� �� ���� 45  AL#
 45  12 �9 JD  �

+A�� sT5 �� 
9 XY � �
 � �� �^�6�9�
�5 V�#< �� X? ���  �9 JD  �� �	�>C �� ������<�+ ����_
 3��� = J�
 � 12 d�

 A�9�� ������� .��$ 45� A�9�� ������� �� 12 = J�
 ���� �� �	�
 � ��� �9 JD   � ���	
 12 7 ���(� �C 45

m�+

 4D�9�� ��>#� 12 � ��8 � ����

 45� �   � O�_&
 ��<�+ 
9�L+ ����3  �L���9�� 
9 XY � �
  � ��+:�� 4#�P �� 

 �� �9�8���� A��b ��� =��� ��� .������
 �6T�
 .45  1 X� � �C�#C � �� ���8 ������� �C��
V�<� �� � ����
 ���#

 4<�R �� 12"a�
�8 
N��" � �

 �5�	+ ]�^�
 � �C��

 ���	
 12 7�8 =��� K� � �� 
�<�� ���5� �C �+ �T" ���

12" �$�� )13(.  

89�? *2�
�5 � �
�63  

45��5��C�
 
�I� ��� 4�<��D 7��<�
45��5 � ������� ���4#�P �����mC �� X?" � ��O�_&
��� 

W�
 ������� 12 d�_
 � 4�� ]�C �� �������"��mC � �� �C ��9 48 ��� .45  ���<�+ ��� 

 12 �  ��Y�C �+  d�_
 ��

 .�$�� �W�
 12 4�'�� �=�JD  � �� :�� �C ��9 �� � � � ��#5 3
9��#�$ ������ �  = ������ 312 "��'>5  = ��  ���     



A9  .���� ���� u��� �� "J�NC = ������  � ��"��mC �  "��'>5  �� �W�
 49�9�


 ��<�+ ��� .��$�C�#C � ��  ��52 ��

�<�+ � ���C ��9 A��b 7SY � �� � ���� 
9���	�>C �� = ������ _&
 ��<�+ ��12 O� �C�� ��C�
 ��9��+

 [ ���� .�C�$

�#R"��mC �C ��9 � O�_&
 4#�P �  49.��� �� �8 �W�
 ���	
 12 7��	+ �� ��<�+ ��� �	+ = J�
 �9 JD  ���	
 12 7�



 �+ 
'�
 �W  ���� �� �C ��G�&
.�$�� �W�
 4F9�  



n�o5" �8  

72 

 

�W  34#�P �9 JD ��� ���N#�b D ������� ��.�� � 1�9�� � � �C�9��C1 )27(  �����2 ��9J� Km5 �� �C��� =���

 ���R A�b O�#$ �� (�?��� �  ��Y) ��<�+ ��9J� V� ��10%  �  ��� � ���? � ��10%  7�x � ��45 p�� �� . Km5 A9  3

 �  �>#� ��< �>5  �  ��C�� 3����  �9��&+  3�L9�
2 ��2 %45  .���� �� �'C �� �����2 12 4#�P �9 JD  = ������  �� 7SY

"���C A�b O�#$3 �
   =��� A9JN9�� �C��O�_&
��� �
2���� � � 7SY ���V�<� �� �9 JD  �� �  �
2O�_&
��� ���� �
2

 .45  "���I� 7�$  � 
D�_
 12 �R � ��3�C�#C � ��  �  ��� �<�5 �� "��� ;9 �� AL� ��10  �  ��>L� � J�300/23 

��>L�3 ���J
 � �C�� ��� �$ dXR  O�5 �+ �� �$ � �P �2007 ��$ dXR �C�� 4�� ��#+ )8 .( 

8����5� 
� �
�63 *5� �� ����  !" 0��
�� �5 ��  

4�
 A�� ���	
 12 7��	+ �� �9=��� 4�
 ;93 ��9J?� �� �  �^�R A�� O�6>C  �>D�? �QC �� 12 � 

 �� ��$


<�R �� "�9����&
 V
�� A�
� �� ��<�+ � �� "����O�_&
�� 4F�C 45  E��( ��� � A�b � �� 4<�R A9  .� =2 �� �

#$ �� 1��� �  
?�J� 12 O�6>C  K>F�5#� .45  "�$ �>D�? �QC �� A�b O�+ 
���� ��69�D2 �6T�
 �� A�B2 7��	 1

 ���	
 ����
 ����9J?� 4���� � �>5�� � � �9�� 3
�P � �  �A�� O�6>C  K>F�5 ����^�R 12 � 45  )5 310 .(=�JD   ��

 �C�#C ����9 �
�9���C 3��52 �� "�$2  )71(  =��� �� �����9�C  7��	+ � ���	
 12 �7�$ R 49�9�
 ���C�8��� �^� ���

A������ ��b A�� t�>�
) 
��#< �� �8 �W�
 ( ���� �  
L9 .���9  �� 4<:� ���	
 12 7��	+ O�(  ��� A� �� �� 

 7 �� ��9�
�5 �  7SYK>F�5 �� �� X?=JI
 �9 12 O�6>C  ��J� ����  (�5) ���5= �
9�� 
��9 .45  �+ = � �D 12 ��

 ���C �� 12 K� 
R �C �� � ��$ ��<�+ 
9 XY � �
 45 ��$ V6>�
 �� � 
9 XY � �
 ��3 � �
  ��
  V�<�� �� 
9 XY 4� 7�


� �6T�
 
5��5 
N>F� � �  ���?��� 3� �� �������=�L
  �� 4��#� >8  ��  � ��:��5�+ ��� �C� � ��� 48�5�9� ���

J��9�
�5 
9 XY � �
 ��<�+ � �� ��

 �� X? � ��5� ������� A9  �  
L9 ��� .����4�FC �� �� K�  �
2�� �� 45 �

��8 � �� 12 O�6>C  ��5� "`��� �� 
9�L+ O�_&
��� �9�
�5 
9 XY �� X?45  "���A�b 3����
 V�<� �� .  K� ��� A9 

"`��� ]�C�9�
�5 ��

 �� X? .���  

@5�
     �5�67  

  K9`�  ��>#� 12 3��<�+ � �� �� �I���? 
9 XY�� �F9�6
 �� 4$�? 
9 XY "���� .�� � ���C �� �8�5�+ �� ���
��� 

K9`� 3�9�8 7��P �9 JD  � =2 
9 XY

 ���\+ 
>$�? "��� �� ����� � =2 12 �� ���C

 �9 JD  J�C ��.���9  Km
 ����

K9`� �� 4$�? ���� �N9�  ���� 
9 XY�����<�+ >��� 12 �� "��� 
?��<2 � 

 �"����� d�_
 � ��  � ��  K� �D



.���  

� �I���? A�
� "�� ��� ���
 �#� �>�<  ��>F�C3 <� �� �L��V���� K9`� {�>I
  �>I�
2 
9 XY����5 .�C� � =

�6T�

�R�5 ��� �� K9`� � � � �>��� =�m� � XY � 
��
 n�5  �� 
9 XY��>F� 
9�9�� ��3 �
  
9 XY K9`� =2 K� ��

 4$�? =���IC .45  z��I
� 
�#�  1��T
4F�C ���� A9 �45�K�  ]��$ � ���9�� K9`�z��I
 ��� 9��+  � �� �� ��� �

�I>C  � �� .45  �W�
 12 ����
 d�_
K9`� 1  �9 JD  1��T
 
9 XY24�<��D � 45  Km
 ���
 
��?:45  ��: �9� ���  

�  ���	
 12 O�(  =�C�5��$ � �� 
�#� z��+�  V9�5��9�� � � ����>D�? �$C�$ |I�
 ���
 � �� � � �� �


9 XY "��	C� A9�9� �I� �� 
9 XY � �
 =���8 

 ;#� 12 
9�� �D�( �� .��� 

 

1. Yang and Zehnder                                                         2.  Nakayama                                                     



 K���'
�
�C�� � �� �J9����	
 12  

  73 

 

� V>�G8 3����� H�+�+ � 
9 ���C �'�� =�?���� ���9�� ��9J?  ��  � �� �I���? � XY45�mD 8 
9 XY � �P ��

 ���
 � ��  � 
���? ��� XY ] �C  � ����45����� 
�>D�9 =2 ��C �>� �+  � ������ =�&>
   7��� �� �I���? �� �

����. 

� �C�8Jo$2 =�m��5�+�5 �� ���9��  �#� � �� � ���� �<���
  � 
���? ��� XY �Jo$2 ��>5� ��n�>5� .��$�� 

C� �I���? H�Y  �� ��52 1��� �  ���8 ���
 �� �� � ���� 
���? ��� XY ]�C = � J� �C�#C � ��=2 �  � ��8 ��

 .�C� �C  

   
9 XY 7��� ���\+ ������$ �� �8 Z'R "��92 VFC 
?�C� G9 �$ � 
>
S5 4�'�� 312 7��	+ O�(  .  ���	


 � 
9 XY � �
 
C�m� 7��	+ �� ��: �C � � �9�� O�(  �� �	�
���� � .�$ �� �8 =2  

 ���\+��� K9`� �m$ � 
9 XY�>8�5 ���\+ 
�(  ������C �  
���C A�b �� ������� �

 ��#$ ���C��V9�#+ . 

 A�b �� 
9 XY4��5 �� �
��b � "��� ���\+ �� XY ] �C  � ����>��� 4$�? �m�+ �C 

�C��83 =2 �L�� ���J�5�� 3"��
 3

L< V � ��
 KI+ 3�L$ 3�����<�+ ���$ 

 d�_
 ��>�������. ����� = �N=��� 

���K9`� ���\+ �� � 
9 XY  �� �� 7��(

45  "��� �W�
 ��������� )8(:  

1- �
� ������ ���\+�J�5 ��<�+ �� 7SY ��<�+ �  A�� 3�����+ 3��� 
��
 ����I>5  �9 "��
.   

2- �C � 7SY 4�� �� �9�$ a�>F?� � � � XY � �� �  �� .4$�? ��<�+ �9 JD  ��Q�
 �9�� 4��� A� =��"����  �`�C 

�C � 7SY �  49�#R � �� ��>��� A�
� 34$�? ��<�+ �� � �����<�+ : 7SY ��<�+ �� �F9�6
 �� 
>$�?  .45  �� 

� ����  !" 
���  A�
 �5�67 ��
  ���
1 ���  

 ������� 7���#� �� ���\+ [9�� �  =�m� �� A9��$ 12 ����
 
?��<2 ���� � �� �W�
 a��V�<� ��  ���\+� �� 
C�m

 
9 XY "��	C� A�9�� �� 
9 XY � �
 =���845 9 ���� � � � XY 7SY � �� �^�6+ 34$�? d�_
 ���� �� .� � �>D� �

��<�+ =2 ��� 

 �9 JD  =�FC  � XY � �� 7SY�	�>C �� .���93 =2 � �� ��  7�$ �� � � 4��#���  45  �W�
 12 
?��<2

� 12 ����
 ��� ���D � 

 ���m� K� 12 4�'�� � "�$ �>5�.���9  

 �9�5 � 4$�? "�9� �� ������� � �
 7 ���( �  ���	
 12 =�9�� ���� � �������<�+ �������3 a�� ���

�9� :45  "�$ ��m���� 

4F�C �� 4F9� G�&
 � �� ���#� 4$�? =���8 )8(. �� 4<�9  ������� ��  ��C�� ;19603  
9 ��C�� =��? ��L$

O��C� �� 7 ��6
 ��? 4��#� �	�>C �� .4D�9 ���� =2 VFC Z'R � �� 4<�� �� .4D�9 �9 JD  7�$ �� =��? A9  ���

� =��? A9  4��#� �^�R O�R � ��9� ���P "�$=2 �#� Z'R � �� �� 45 �  XY 4���� �� �� � .�� �C ���� 
D�� "� �C 

� �� =2 4$�? =���8 � =��? ��L$ �>�< ��Y 
9 XY "��� � �� ��C� ��� �#��?4F�C K� �D �� �I�3 �
  �C�#C A9  45  � 

=��C �� 


#C ���#� ��� =��� 4���� �8�b �   � =��b��L$ �9 =�FC  = �+ ��	9 �
���  �9�5 �� .��� ���8V�<� �� 

4�<��D � � �6>5  ��9� =�>F��� �� 
C�FC = ��R 3�����  
b��L$a�? "��5 ��C�
  � ���9�1 n�8 3� ��? 3 1�6� �  

��� ���8 �6T�
�C�C�? A9 ����� . A9  ��  XY ���� ��kF
 �	�9  �� �>�<  .��>D�9 �9 JD  7�$ �� � �I'�� ���C�� ���

��	C� " 
9 XY ��T
4F�C3 ��kF
 �L��3   �b �9 JD   .45  � �I'�� = ��C�� 4��#� �9 JD  G5�+  �b �9 JD  ��� ��

K�6>F
 �� �9�	+ � VN�� ����9X�=�>F��� �� .45  "��� �W�
 =2 ����VN�� 3 ZD�&
 �m�+ �T8 � �� 4F9� G�&
��� 

 

1. Lynx 



n�o5" �8  

74 

 

� aJ\<) A#m� � 3A�
� �C � 3V�5 3t�8 �9�5�D ��C�
 
���� (d�45 � A9 ����� . �

 �QC VR " � ;9 ��L$ �� �5�


 �� 
b��L$ = ��C�� =��� �� � �9 VN�� Z'R � �� �6T�45 .  

  

$%�&'�()  

����  !" 0
��1 � ����  !" ��
��  

   ����
 49�9�
 �
�� 
5��� � ��2 ��: 312 ����
 "��92 �>m� t�� � ������� �� 145   7��	+ �� 
��D V9�#+

 ���	
 12 7��	+ � 
9 XY � �
���� �  �� .��$���� �  ���	
 12�9�� u&� � �	
 12 
>F�b ���
 �� 
#�� ��� � ��

A9 

 
9��J�b �b V
�$ ��
#C �9 ��$��$3 ��� J����.  p�� ��Km
 �>LC 

 �C�Nb �� 45  A9  � �� O�(  A9  �  = �+

 �9 ���6>
=��� "�?2 5��5= � X? 4 K�#_+ �= ��?  4(�D � ���	
 12 "�6<�� �6C � �T8 ��	9  �� =2 �� 
9����  �

VL�

9�� �  ��5�+ � 4F9� G�&
 � ��
��#>– 

 
�&
 ���_>P ���� ��	9  ��C �+3 � =��5� � �� .��� "��'>5  � A9 

=2 � �� 3d�� ���9�� � ��C �>� �� ��� K� �D 
9��� J�  � �� 
+��S�  �W�
 ��������
�  �9�� � 45�2C��� :  

{< - 45  ��6b =2 ���_>P  a��  � "��� a��? �� ���	
 12 7��	+ �� 12 �  
#	R �b�  

1-  �I� ���	
 12 = J�
 �92���N#�b  � " 
�2  12"3   " J�5  12"  �9"��>F��8" �45   

~-  �b9������
 ���(�� � � "���� ���	
 12 A9�>��� "�������>F� 

7-  �b9����<�+�C� �  � ���	
 12 O�6>C  A9�>��� 
� 

�- ���	
 12 ���� ��� ��5�+ � �C�� 
9�5��$. 

�- �W  
9�5��$��� + 7���#� 
��#>� ���	
 12 7��	. 

 �� �� � 7��S� ������
 "�$ ��9 �#� � ��5�+ O�R �� .45  ���2��<�T
��� �6T�
 3����� 
C�m� � � 

 K	R "�������6C � "�$ ��	C  ���	
 12 7��	+ =�9�� ��� ���	
 12 7��	+
?��+ �� ��m+ 45  "�$3 �
   �m�+ �9�>C A9 

 ���	
 12 = J�
 
��9��  � �� ��� �C�>5  a�� � "��� ��<�  H9�6+ ;9����<�+ .�� �C ���� 
9 XY � �
 "�9� �� 

  = �N�����3 a�� ��5�+ O�R ��
#� � �� 
'�>I
 ��� ���	
 12 ���5>F��� )8 312 318 328(� .V�<� � 

+���\��� � 
C�L
 ��9� "�m� 
C�
� � �6
 312 ���2�	
 1

  � O�_&
 ;9 �C�� �� ����
 ������ �  = �+ {�>I
 ���

��� 
5��� )20(:   

{< - =�?������<�+ �Q�
 � 3  
�2 
�P � = J�
 �� O�_&
 ��<�+ � �� ��

 �QC�C��?.   

1- �� � �Q�
 �  �9=�?����3 ��8 �+ �C� � ��: �� 
�2 = J�
3  ��<�+  � :�� =2���#� .� ��<�+ ��92�D �� �� 
�2 = J�
 A��B

�C�� �� O�_&
 ;9 

 � �P =2 ���?�9��  ���	
 12 = J�
 � �� .��$ [D �+ =2 ��� � "�$ |I�
�9�� "���&
�� 
9

 ���� �� ��$ � �P��"��C |I�
.�C   

A�
���/> ����  !"   

 ���	
 12 O�(  
9�C �+�<J�
 �� � 

  � 
�#� �� XN>5��5 � �� �� JA9  �+ � � a�>F? = �+ � �� ������ � 

J�]�^�
 � �����2 �� XN>5��5 7��}��� A�� 7��	+� 
��#<  � 12 O�(  ;#� �� O�R A�� �� .��$ "��� ��� ���	


 ������C

 J�C �� XN>5��5a�� .��$ 49�6+ �C �+2 O�(  
5��$���
� �� ���	
 1 �9� ��� �>���

 :���9 ��5�+ �C �+  



 K���'
�
�C�� � �� �J9����	
 12  

  75 

 

1- a��A9  � ���	
 12 = J�
 A���+ ��� �b ��9�����
 
�9��  ���C �9 ��$ �>D�? �QC ���9��  �9�>C �+ ���? |I�
 ��

"�
2 45� �� �C�>5  :��$�� �>$ �  � ��: =���#�  � 4&( � "�$ ���5 

{< -  �� �� "�$ d�_
 12 �92 ���$ �>D�? �QC �� "�$ d�_
 
�P � 12 G6D �92 �� = J�
��I�+ �9 45  E��+- E��+ �

 � �����
�<�� � �� �C�>5  ����>
 ��� � � �>D� ���45 �  

1- � 12 �9 �D �� �>D� ��� 12 = J�
 :��<�+ ����� � �����2�����2 12 4D�.   

~- O�_&
 4�'�� 4D  �� 12 7�'�+ A>D�? �QC ��.  

2- :���	
 12 d�_
 �9 O�_&
 ��<�+ 
9��D �\� �6T�
 �� [��T
 ���	
 12 = J�
 A���+ 

{< -  ��#+ ���	
 12 = J�
 ��5�&
O�_&
�� ��I�+ n�5  ��– ��<�+ ������� �� E��+� � "���� � =���2 45�

 ]�#	
 7��	+ �� ���	
 12 = J�
O�_&
��1 .- ���� �� � ���� � �� 
�8 � 12 ����
 = J�
 ��5�&
"  � �P �? 

 �$���� � ���� �� "�$ �� � �:������" .��$ ��<�+ ~-  ���
 �� �� ��"�$ ��97��'+ 3 = J�
 �� ��"
�2 ���	
 12"3 

"J�5"3 "��>F��8" �+ 3�����2 7�$ 3 K��5�&
 �� 12 4�'�� 4D  � 4�����  .��$ "� � 4<�8�  

3-  t�8 12KLR �� "J�5 12"  � J�  �  ���
�C� �+  12 "���� A�
y+ � "��� ���	
 12O�_&
���  �+ �
 � K9�45 3 

.��$ �>D�? �QC �� 

4- a����Y ��5�&
 � �� 
9��<�+ 7�6>�
 � 4$�? ��<�+ � �� ���	
 12 K�6>F
����� �9� �� 
C ��R �+�
 �� � � "

= ��R � (J�5 12)��� F� �  �� 
NC�8"�C�#

 d�_
 �C�8 
9 XY �������3 .��$ �>D�? �QC �� 

5-  A�������<�+ 1�9��D � (J�5 12) K9� ������� 
�2 12) ��>F��8 12 �A9  � ( �92 ��d�_
���  �C �9 �C� � �C�? ��

 7 ���( A�� �� � =�L
  �?  .�9�$ V9�P 7��'+O�_&
��� 9��D

 =�b �9�$ V9�P 7��'+ K9� � 1� = �+���� � [�P� ��+


>R �� � � ��	C  �����2 12 =��� n�>5� �� � ��9J� �� �T� � �� �� XN>5��5 � ��  =�FC�
 ������� ����C�
 �JC��C  

70  �+90%  12 �  �  � 
D�_
 �

 ��_>8  ��8 45  AL#
 7��5�&
 �  ���? ��C�
 K9� 7SY =��� ���8 �� .����
�C� �+ 

� 
+��'>
 ���	
 12 
+ ���( � �92 45���(�+ �� �[�P� �� XN>5��5 ���.�
�	C��� ��+ 

6-  ���	
 12 7��5�&
 ������<�+ 
9�����D ��9J� 3

 �� � 4F9� G�&
 H9�I+ �� ����$  �  4<�8���$ "� �. 

>B�� ��  



 ���	
 12 7��	+4F9� G�&
 3
?�C� G9 �$ 3
9 XY 4��
  312 =��� n�>5� �� �C �+ �   � 
�&
 ��_>P 

 3"��92 � �� .��I� ���m�=�JD   ��"���	
 12"|8�$ 3�9�� ��� ���_>P  ��L�#� � �� � �9��  �� �� ��$ "� � ��5�+

=2
��#>�  4��^� ��– �<�+ "�6<�� =�L
  � 12 d�_
 3
9 �� � 12 � ���_>P |8�$ A9  .��$ �>D�? �QC �� 12 � ��

:�  ��+����  

� 
�2 ��+ �9 ���#�. 

� � 12 
T�&
 =�9�� ���C12 =��� n�>5� �� 4����P n�5  � ��  �R � ;9�����<�+ "�$ ���(. 

�  12 "��8x 4�D����  �R � ;9 � �����<�+ "�$ ���(. 

� ���L�� �(�� ���L�� V� �� �������.  

� ��_>P  =��� 
<�_&
 ��b ����. 

� :�kF
 A�� �T� � � 
9 ��  == ������ =��}�>5�� �9.  



n�o5" �8  

76 

 

�  ���C �  ��(��

 ��<�+ V8 � �� �� 
9 XY � �
��$. 

�  
?��9�#C =��� ��F<� �9 [9��+ ����= ������ �� K�#_+���?:�kF
 G5�+ ��
9 ��  =.   

 
 

�  ����� �� ����� *�+,  

MM_>P  7���� #� � ��C� �� ���	
 12 7��	+ ����B ����� � 4MMF�C "��>MMF? = �9  �� A� �� ���9� ���  A9

 ��<�+ V&
 "�?�9� �   � ���	
 12 7��	+ .4MM5  "�MM�C ��	C  ���
�

 d�MM_
 V&
 �9� �  .��� 
MM5��� = �+ V&
 "�?�9

<�+ ��9 �D �� �� 
�2 � �6
 ��<�+��<�+ V&
 �� :�� �� 

 "��'>5 �5�&
 �� ��$��� � �
 "��� ���
��$.   3d�_
 "�?�9� � 

� 12 � �6
 � � d�_ 
 V&
 �� :�� ��<�+ �� �>D� ��� �

 "��� ��� � 12 "��8x �QC �  ��� "�?�9� .��$  ��� � ;9 V8 � �

� ��9 �D ��

 �>m� � 45  �+�W�
 :�� 7 ��  ��  � ���	
 12 7��	+ �W  �C �+�
�C� �+ ���� 12  � �C��� =� )3(.  

� �MM$+= ��L#� � J1  )24 �� �C� � =�MM�C ( ��O�MM5 ���1986  �+2011  ���	+ a��  �R � �� ���	
 12 � �6


  
<�R�� 45  �>D�9 ���� "�$ �<���
 ���:�� 7��	+ a��  �� O�_&
���    A9  .45  �>D�9 
C�JD ������� = �N����� 

 �  7��	+ ��N<  ���\+ �W  �� �� �C��� =��� O�_&
��� K�a��   4#5 �� �+ O�_&
��� 3:�� a��  ��  ���	
 12 7��	+

��� �9 JD  H��
  
92�>MMM5 � A9  �� .4MMM5  "�MMM$ 12 ���MMM_>P�
 3	=���
 � �>���2 )15�<���
 �� �C� � =�MMM�C (  ���    

 O�_ &
���  ���� �  �9 JD  H��
 ��� � �� A�� ��"�m�     =2 .45   "�$  12 ���_ >P  ��� �� �C���� A9  �� A��B#� ��

O�
� �� ���C � �>D��C 
C ��b a�>F? ���	
 12 7��	+ ���_>P  ������� ���
� A9  �� ��>��� ���45 .  

 ) = ��L#� � 
� 19 (����� ��  ���     �� �� �����MMM�� �� �C� � =�MMM�C ��8     12 ����
 � :�� �C �MMM5 �
2�   3��9      

���MMM(� �� � "��� ���	
 12 |<�8 "���� K� 12 ����
 �� �����MMM�� p�
<� ���� � 3:�� �C �MMM5 �
212 "����  ���	


 .���� Z'R  � ��8 12 ����
 �+ ��>F�  

  

*

�
 �  ����� �� �����  

O���+ �QC �  ���	
 12 7��	+���  :��4��P�
 ���6T�
 3
�&
 ���� � � A�

 7��MM( 
��#< .���?  ���+ ��

7��'+ ��  G9 �MM$ =��� ���MMF
 � ��MM�� V8 � �� 12 ����
 � �6
 �� ����
 ���K��P   ��<�+ � ��
8��  � &
O�MM_��� 

6C �� �����MM���T��� "�9��  ��MM�� � 3 9�<�  �  
�&
 ���	
 12 7��	+� .4MM5  � ���8�� 
9:�� 4=2 �  �3   �� 49�<� 

�6T�
 ���	
 12 7��	+ �  45   �$ �� 
�    
5��5 J�
2 4#<�F
 
>F9J#� ��–    =�N9�F#� � = �9  A�� ���_>P �  � �9�

 .�C�#�V� ��     OS6>5   �9� 345  � ���8�� 
��9�� ���F� 49�<�  �  
��#<  A�� ���	
 12 �<���
 
�� 5  �� � 
5��O��C�  =2

 5      A�� sT5  �� ����� � ���_ >P  OS6> + � �� � 45   � ���8�� ��>#� 7��W �  
��#<  A�
y�  
8�� ���:�� ����� �   �


#C 
5�5 A�� sT5 �� ������ �� = �+ .��� 
L>
 
��#<    

= �9  ��3 C � ��6>C  ���	
 12 7��	+ ��m'
 �Q���   �  
8�� 7 ���( �� ���9� O�_&
    "�$ �� � ������� ���

 45   )3(.   = �N� � ��� A9             7 �� � � 7 ���(  4��^ � 34( �D ��9J� �9�QC � ���_ >P  "��5  ��N<  ;9 �  "��'>5   ��

O�MM_&
��� =2 7 �� � � 7 ���MM( 49�<�  � "��� 
MM5���  � = �9  �����MM�� A���+  � ���C���=2 �9�>C . �� � � =�MM�C ��

 ��<�+ O�_ &
���  V8 � �� ����� �     (  A��B#� .�� � 
9:�� 4( �D ��9J� ��� �"��
 7 ���  37����
 3���� ��C�
 
9��

 

1. Schwarz et al.                                                                   2. Migilietta and Morrone                                                               



 K���'
�
�C�� � �� �J9����	
 12  

  77 

 


8�� � ��NC  �   O�_ &
���    NC�D ���? � ���8 3�C ���� ��C�
 
'�(  � �J�5

 ��	9  
9:�� ���	
 12 a��  
� ��� �

�C�?=2 7 ���MM( 
>R �� �  .�� � 
9:�� 49�<�  ����V�3 � �� ���+ �� �� � � =�MM�C �9�>C  
�2 ����
 4��MM^� =��� 
C �&

����45  J�b�C 312 
�P � a��  O��P �� "�$ ��	9  ���	
 12 a��  3 )3(.  


���- ) = ��L#� � ��J94(  ��� �����
>8��$  O�5 �� = �9  (���	
 12) 121385  � 104  H�L
�>
 ������


"��� =��� .�C  O�5 ��"�$ ��9  �� 
+ �� � � 
+ ���( ���	
 12 = J�
 ��"����  �����260%  320  ����
 �  H�L
 �>
 ������


 �� ��� ��: ��$ ��<�+ ���� V8 � �� O�_&
 � �6
 A9  ��� � �P �?  �� 45  "�$ "��8x 
�8 � 12112  �>
 ������


 �� ��$ d�_
 ������� �� 12 H�L
45�4F�C 
�>D�9. ) = ��L#� � 
C�R�� �9�>C2 =��
 �  �� � � =��C (21  O�_&


������R 37SY 3"�$ 
5��� �����C � � (���? � �>F�) ���L�8 37� "�$ ���2 �� ���	
 12 = J�
 n�5  �� 
�Y�� ���

=2 ��O�_&
9��"��
 � "��� d�_
�� 
�J�5 � ��K� �� = �9  �� ���	
 12 �<���
 .��>F� d�_
��  "���1362 �+ 1382 

"�m� � d�_
 = J�
 �� ���+ �� 12 ��� ��� ��H9�6+  Km5 �� ���? 3�C�#C � �� .45  "�$ ��	C  �C���?2�C59%  7 �� � ��

 =��� �� � �� � �>$ � � �P 4FIC ��+� �� ���	
 124/10  ���?  A+ =����
 ��O�5 ���1378  �+1382 36/11  ������


=2 .45  "�$ "��8x ���� �� 12 H�L
 �>
�#� �9 JD  �� �� �C�� �� �� �C��� =��� ��= �9  �� ������� 12 �� 7��	+ 3

 ���� 4��
  3������� ��>8�5 �� 
6T�
 7�RS(  �� " �#� � "��� 12 ����
 49�9�
 �� 
5�5  � Km
 ����+ ;9 ���	
 12

 K� �D  � = �9  �� 12 � �9�� d�_
 � 
9 XY 7�
 

���C �� ���+ �� .� �� 12 ����
 
C�L
 � 
C�
� ��� �� =��� H5��


 �� ������� �I� �� 12 ����
 49�9�
 312 K� [���
 �� "�9� �� = �9 VL�
��� ��� ���� 4��^� A9  �� .45  ��

�) 
�&
 ���	
 12 7��	+

 (����� =�� �  
�I� �C �+�� �$���� ��� VR  � 
�&
 12 H5��
�C �9��+ )1( �9�>C .

=2��  =�?J
�� =�>5  
�&
 ���	
 12 7��	+ � �+ �� � � =��C153  
N>F� � |8�$ � "��� (7 �� �) H�L
 �>
 =����


 ���	
 12 7 �� � ��9% 45  �� �� �9� 
�2 ����
 �9�$ 4D  �� ���+� 1��T
 =�>5  
��
4F�C  ��9�� � 4�� ��N<  �

 4�� �9� sT5 �  �+ ���9 ���\+ ��&CO�_&
��� 12 
� ���C � 7�x ��C�
 ��H�5 � �	C�9 3�  �� � ��$ �>5�� 
��
�

 4�� �9� sT5 �� p����� ��C�
 �+:�� 4(�D ��9J� ����� .��$ "��JD  "��
  

  

���-	�
�.  

 A9  ����>MMM$�C  =2 "�6<�� ������ �oMMM5 3�9��? |IMMM�
 ���	
 12 7��	+ {9��+ � ���	
 12 {9��+  �>� 

 
MM5����MM$ ���	
 12 7��	+ �  "��'>MM5  1�I>C  �� .�9�� �QRS
��� �6T�
 � ��MM$ �>D�? �QC ��  �
MM��9J?   �C���?2

 .��9X� 7��(V
����� Y 4��
  �  ��+���� ���	
 12 7��	+ 1�I>C  �� �W�
��8 3
9 X  3
9 XY � �
 4
S5 3
9 XY 
9�'�

�R [R #� .4F 9� G�&
 Z'R � 
9 XY 4�#�>C  A9  �� A��B 1�I�9��    �6D � O�\>$   ]�^ �
   �>D�?�QC �� K� ��� � ��

#� .��MMM$ A��B  V
�� ��� K�Q�+  "����       4MMM5��MMM5 �  ��+���� ���	
 12 7��	+  �6T�
 ��� 4#�P 3�     �C ��9 � �� X?

 O�_&
���  �� �9�
�5 3����� 48�5�9� �� �� X?� �� � 7 �� � ���2 7��	+ ���� � �� .
9 XY K9`� ���\+ � ���	
 1

 ���	
 12�9�� a��  ���\+ ����� � �� 
9 XY � �
 ]�C � ��<�+ ������9 ���� �b�? .
NC�Nb   ���	
 12 7��	+ ��5 �&


V
�� ��� �� 4F�C A$��3 �
  C�9�� � �O�L$  A9 �� �� A
 �3  �L���9�� _+K�#�	+ O�(  �� = ��? ���	
 12 7� �C�$ ��$2

K�#_+ �+���  �C���?2�C��N�   .  

 



n�o5" �8  

78 

 

��
�/'�0'  

 J��
 � ��<�T
���  � ��MM$ "�NMM�C � 
<�MMFLMM�8 �����8 =� � � �P ���>8  ��  ��: 7�C�L
 � ��  �<�6
 A9   ��m+



 
C ���P.��$  
  

1��(�   

1- ����"� �3 �. �  .� 
9 �5– �J9��+ .1391.     ��	
 . ���	
 12 "�?�9� �  =�?J
�� n��D =�>5   ������� 4��^� 
��9�� 

 �����2 ������� �� 1499-485):4(26. 

2-  = 3
C�R��. 3."   �C�93 .n  3
C�B�MMM5 A�
  .� 3
C��D  .d.n ��MMM5�
 �  . .]   .
6�6R ��N
��1387      �< ��� 
 
��9 ��  .

   12 ����
 �� ���+ �� ���	
 12 � 
9 XY 7:�MMM_&
  
���� ����
 � �����MMM�� =��D � ���� .= �9  �� ����
432-

417):12(  . 

3- E 3
�� �. �  .].���'��.  1398     ����� ��	
 . ���MMM_>P  �� ��� "�m� �Q�
 �  = �9  �� 12 ���	 
 7��	 + .   ���

. (~�b 45���) .
���� ����
 � ������� �� ���� ����� � 

4-  
���–   3��J9. 3 . "� J��� �  .d=�9�#&
. 1388    � 12 �9��C .= �9  ������� �I� �� 12 ;9`�<��  ��� �� 
5��� .

 (������� �9��( � ����)t�81-15):4(23        .  

5. Allan, J.A. 1998. Virtual water- a strategic resource :Global solution to regional deficits, Groundwater, 
36(4):545-546. 

6. Allan, J.A. 2003a. Personal contribution to discussion. In: Hoekstra, A.Y. (ed.). Proceeding of the 
International Experts Meeting on Virtual Water Trade. Value of Water Research Report Series No. 12. 
The Netherlands.  

7. Allan, J.A. 2003b. Virtual water eliminates water wars? A case study from the Middle East. In: Hoekstra, 
A.Y. (ed.). Proceeding of the International Experts Meeting on Virtual Water Trade. Value of Water 
Research Report Series No. 12. The Netherlands.  

8. Anonymous 2004. E-Conference Synthesis: Virtual Water Trade-Conscious Choices. World Water 
Council.  

9. Earle, A. and A. Turton. 2003. The virtual water trade amongst countries of the SADC. In: Hoekstra, A.Y. 
(ed.). Proceeding of the International Experts Meeting on Virtual Water Trade. Value of Water Research 
Report Series No. 12. The Netherlands.  

10. Hernandez-Mora, N., M.R. Llamas and L. Martinez. 2001. Misconception in aquifer over-
exploitation: Implications for water policy in Southern Europe in agricultural use of groundwater towards 
integration between agricultural policy and water resource management (C. Dosi), Kluwer Academic 
Publisher, pp.107-125. 

11. Hoekstra, A.Y. and P.Q. Hung. 2002. Virtual water trade: a quantification of virtual water flows 
between nations in relation to international crop trade. In: Hoekstra, A.Y. (ed.). Proceeding of the 
International Experts Meeting on Virtual Water Trade. Value of Water Research Report Series No.12. The 
Netherlands. 

12. Hoekstra, A.Y. (ed.) 2003. Virtual water Trade: Proceedings of the International Expert Meeting on 
Virtual Water Trade; Value of Water Research Report Series No 12. The Netherlands. 

13. Llamas, M.R. and E. Custodio. 2003. Intensive Use of Groundwater: Challenges and Opportunities. 
Balkema   Publishers Dordrecht, pp. 13-31.   

14.  Meissner, R. 2003. Regional food security and virtual water: Some natural, political and economic 
implications. In: Hoekstra, A.Y. (ed.). Proceeding of the International Experts Meeting on Virtual Water 
Trade. Value of Water Research Report Series No. 12. The Netherlands. 

15.  Migilietta, P.P. and D. Morrone. 2018. Managing water sustainability: Virtual   water flows and economic 
water productivity assessment of the wine trade between Italy and Balkans. Sustainability, 10:1-19. 



 K���'
�
�C�� � �� �J9����	
 12  

  79 

 

16.  Mori, K. 2003. Virtual Water Trade in Global Governance; In: Hoekstra, A.Y., (ed.). Proceeding of the 
International Experts Meeting on Virtual Water Trade. Value of Water Research Report Series No.12. The 
Netherlands. 

17.  Nakayama, M. 2003. Implications of virtual water concept on management of international water systems: 
Case of two Asian international river basins. In: Hoekstra, A.Y. (ed.). Proceeding of the International 
Experts Meeting on Virtual Water Trade. Value of Water Research Report Series No. 12. The Netherlands.  

18.  Oki, T., M. Sato, A. Kawamura, M. Miyake, S. Kane and K. Musiake. 2003. Virtual Water Trade to Japan 
and in the World. In: Hoekstra, A.Y. (ed.). Proceeding of the International Experts Meeting on Virtual 
Water Trade. Value of Water Research Report Series No. 12. The Netherlands. 

19.  Oki, T., S.Yano and N. Hanasaki. 2017, Economic aspects of virtual water trade. Environ. Res. Lett. 12:1-
9. 

20.  Renault, D. 2002. La valeur de l’eau virtuelle dans la gestion de I’alimentation humaine.  Actes des 27 
emes journees de Ia Societe Hydrotechnique de France. Eau et Economie. 24-26 September 2002.8p. 

21.  Renault, D. and W.W. Wallender. 2000. Nutritional water productivity and diets: From (crop per drop) 
towards (nutrition per drop). Agr. Water Manag. 45:275-296. 

22.  Rodgers, P. 2003. Keynote address, Stockholm International Water Symposium – August 2003.  
23.  Rosegrant, M. and C. Ringler. 1999. Impact on Food Security and Rural Development of Re-allocating 

Water from Agriculture, IFPRI. Washington DC, USA.  
24.  Schwarz, J., E. Mathijs, and M. Maertens. 2014. Changing patterns of global agri-food trade and economic 

efficiency of virtual water flow. Sustainability 7:5542-5563 
25.  Turton, A.R. 2000. Precipitation. People pipelines and power towards a” virtual water” based political 

ecology discourse, MEWREW Occasional paper, Water Issues Study Group. School of Oriental and 
African Studies (SOAS), University of London. UK.  

26.  Warner, J. 2003. Virtual water- Scarcity, distribution and conflict reconsidered. In: Hoekstra, A.Y. (ed.). 
Proceeding of the International Experts Meeting on Virtual Water Trade. Value of Water Research Report 
Series No. 12. The Netherlands.  

27.  Yang, H. and A. Zehnder. 2001. China Ls regional water scarcity and implications for grain supply and 
trade. Environ. Plann. A: Econ. Space 33(1): 79-95.  

28.  Zimmer, D. and D. Renault. 2003. Virtual water in food production and global trade: Review of 
methodological issues and preliminary results. In: Hoekstra, A.Y. (ed.). Proceeding of the International 
Experts Meeting on Virtual Water Trade. Value of Water Research Report Series No. 12. The Netherlands.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



n�o5" �8  

80 

 

 
 

 
Strategic Research Journal of Agricultural Sciences and Natural Resources 4(1): 63-80 (2019) 

 

 

Concepts of Planning for Virtual Water 

 

A.R. Sepaskhah1, 2  

 

 The amount of water used to produce a product or service is called virtual water. Trade 
of products and services between countries is called virtual water trade. Virtual water for a 
given product is an index of environmental degradation that occurred by the product 
production. Usually, there are misinterpretation in virtual water concepts that makes its 
applicability for substitution of a product with others questionable. Therefore, the planning 
concepts for virtual water trade should be taken into consideration. In this survey, first the 
potential of the concepts of virtual water trade were investigated. In applicability of the 
concepts of virtual water trade, the regional context and conscious choice should be 
considered. The effective factors in proper applicability of the virtual water concepts to food 
trade are food security, food self-sufficiency, food safety, food sovereignty, and 
environmental conservation. Furthermore, in this regards, the employment and poverty in a 
country should be considered. Also, in applicability of the virtual water trade, the geo-politics, 
pricing and subsidies for agricultural products, investments in infrastructure instead of virtual 
water trade, and changing diets should be considered. For reduction in the virtual water trade, 
the value of water in agricultural products and food production methods should be changed. 
Although the methods of calculating the virtual water of agricultural products are not well 
established, these uncertainties should not be emphasized very much; rather, the policy makers 
should be familiarized with the concepts of the virtual water trade in order to make conscious 
choices.      

Key words: Food safety, Food security, Food self-sufficiency, Food sovereignty.   
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